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Prefatory  Note  to  the  Fourth  English  Edition. 


The  Fourth  English  Edition  of  the  Text-book  now  laid  before  the  Profession 
has  again  been  thoroughly  revised,  so  as  to  bring  every  Section  as  far  as  possible 
into  harmony  with  the  most  recent  advances  in  Physiological  Science. 

A  new  feature  introduced — that  of  printing  some  of  the  illustrations  of 
Microscopical  subjects  in  Colors — will,  it  is  hoped,  be  found  helpful.  For 
drawing  several  of  these  colored  figures  I  am  indebted  to  Arthur  Clarkson, 
M.B.,  CM.,  formerly  my  junior  Demonstrator  of  Physiology,  and  for  others 
to  my  pupils,  Mr.  V.  E.  H.  Lindesay  and  Mr.  F.  J.  S.  Math  win. 

A  large  number  of  new  figures,  many  of  them  original,  have  also  been  added, 
so  that  the  total  number  of  illustrations  is  now  845.  My  acknowledgments 
are  due,  specially,  in  regard  to  some  of  these,  to  the  Cambridge  Scientific 
Instrument  Company,  Messrs  Alvergniat,  Verdin,  Petzold,  Curry  &  Paxton, 
and  to  my  friends  Professors  Roy,  Fredericq,  Leech,  Burdon -Sanderson,  Mr. 
Gotch,  Dr.  Adami,  and  Dr.  Macnaughton  Jones. 

Further,  I  have  to  thank  the  last  mentioned  for  some  hints  which  have 
enabled  me  to  improve  the  Section  on  the  ''  Ear  and  Hearing.''  I  am  also 
indebted  to  Professor  Ram6n  y  Cayal,  of  Barcelona,  for  his  courtesy  in  send- 
ing me  his  original  Papers  recording  the  results  of  his  investigations  on  the 
Central  Nervous  System,  some  of  which  I  have  ventured  to  epitomize  and 
introduce  into  the  text.  The  sources  of  the  other  illustrations  are  given  else- 
where. 

WILLIAM  STIRLING. 


Preface  to  the  First  English  Edition. 


The  fact  that  Professor  Landois'  ^* Lehrbuch  der  Fhysiologie  des  MenscherC' 
has  already  passed  through  Four  large  Editions-  since  its  first  appearance  in 
1880^  shows  that  in  some  special  way  it  has  met  the  wants  of  Students  and 
Practitioners  in  Germany.  The  characteristic  which  has  thus  commended 
the  work  will  be  found  mainly  to  lie  in  its  eminent  practicality ;  and  it  is  this 
consideration  which  has  induced  me  to  undertake  the  task  of  putting  it  into 
an  English  dress  for  English  readers. 

Landois'  work,  in  fiact,  forms  a  Bridge  between  Physiology  and  the  Practice 
of  Medicine.  It  never  loses  sight  of  the  fact  that  the  Student  of  to-day 
is  the  practicing  Ph}'sician  of  to-morrow.  Thus,  to  every  Section  is  appended 
— after  a  full  description  of  the  normal  processes — a  short  risumi  of  the 
pathological  variations,  the  object  of  this  being  to  direct  the  attention  of  the 
Student,  from  the  outset,  to  the  field  of  his  future  practice,  and  to  show  him 
to  what  extent  pathological  processes  are  a  disturbance  of  the  normal 
activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a  ready 
means  of  refreshing  his  memory  on  the  theoretical  aspects  of  Medicine. 
He  can  pass  backwards  from  the  examination  of  pathological  phenomena 
to  the  normal  processes,  and,  in  the  study  of  these,  find  new  indications  and 
new  lights  for  the  appreciation  and  treatment  of  the  cases  under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may  with 
advantage  be  used  by  the  Practitioner,  are  carefully  and  fully  described  ;  and 
Histology,  also,  occupies  a  larger  place  than  is  usually  assigned  to  it  in  Text- 
books of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version  : — 

(i)  In  the  task  of  translating,  I  have  endeavored  throughout  to  convey 
the  author's  meaning  accurately,  without  a  too  rigid  adherence  to  the 
original.  Those  who  from  experience  know  something  of  the  difficulties  of 
such  an  undertaking  will  be  most  ready  to  pardon  any  shortcomings  they  may 
detect. 

(2)  Very  considerable  additions  have  been  made  to  the  Histological  and 
also  (where  it  has  seemed  necessary)  to  the  Physiological  sections.  All  such 
additions  are  enclosed  within  square  brackets  [  ].  I  have  to  acknowledge 
my  indebtedness  to  many  valuable  Papers  in  the  various  Medical  Journals — 
British  and  Foreign — and  also  to  the  Histological  Treatises  of  Cadiat,  Ranvier, 
and  Klein ;  Quain's  Anatomy ^  vol.  11,  ninth  edition  ;  Hermann's  Handbuch 
der  Fhysiologie;  and  the  Text-books  on  Physiology  by  Rutherford,  Foster,  and 
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Kirkes  ;  Garagee's  Physiological  Chemistry  ;  Ewald's  Digestion  ;  and  Roberts's 
Digestive  Ferments. 

(3)  The  illustrations  have  been  greatly  increased  in  number,  viz.,  from 
275  in  the  Fourth  German  Edition  to  494  in  the  English  version.  These 
additional  Diagrams,  with  the  sources  whence  derived,  are  distinguished  in 
the  List  of  Wood-cuts  by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who  have  kindly 
helped  in  the  progress  of  the  work,  either  by  furnishing  Illustrations  or  other- 
wise— especially  to  Drs.  Byrom  Bramwell,  Dudgeon,  Lauder  Brunton,  and 
Knott;  Mr.  Hawksley ;  PFofessors  Hamilton  and  M'Kendrick;  to  my 
esteemed  teacher  and  friend.  Professor  Ludwig,  of  Leipsic ;  and  finally  to 
my  friend,  Mr.  A.  W.  Robertson,  m.  a.,  formerly  Assistant  Librarian  in  the 
University,  and  now  Librarian  of  the  Aberdeen  Public  Library,  for  much 
valuable  assistance  while  the  work  was  passing  through  the  press. 

In  conclusion — ^and  forgetting  for  the  moment  my  own  connection  with 
it — I  heartily  commend  the  work/^r  se  to  the  attention  of  Medical  Men,  and 
can  wish  for  it  no  better  fate  than  that  it  may  speedily  become  as  popular  in 
this  country  as  it  is  in  its  Fatherland. 

WILLIAM  STIRLING. 
Aberdeen  University, 
November^  1884. 
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Introduction. 


The  Scope  of  Physiology  and  its  Relation  to  other  Branches 

of  Natural  Science. 

Physiology  is  the  science  of  the  vital  phenomena  of  organisms,  or,  broadly,  it  is 
the  Doctrine  of  Life.  Corresponding  to  the  classification  of  organisms,  we  dis- 
tinguish— {y)  Animal  Physiology  ;  (2)  Vegetable  Physiology  ;  and  (3)  the  P^j'j/- 
ology  of  the  Lowest  Living  Organisms^  which  stand  on  the  border  line  of  animals 
and  plants,  /.  <f.,  the  so<alled  Protista  of  Haeckel,  micro-organisms,  and  those 
elementary  organisms  or  cells  which  exist  on  the  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  of 
Natural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allied  branches 

of  Natural  Science: — 

BIOLOGY. 

The  science  of  organized  beings  or  organisms  (animals,  plants,  protistse,  and 

elementary  organisms). 

I.  Morphology.  '  II.  Physiology. 

The  doctrine  of  the  form  of  organisms.    The  doctrine  of  the  vital  phenom- 


Qeneral  Special 

Morphology.  Morphology. 

The  doctrine   of  the    The  doctrine   of   the 


ena  of  organisms. 


formed    elementary 
constituents    of   or- 
ganisms. 
(Histology)— 
(a)  Histology  of  Plants. 
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Ph3r8iology.  Physiology. 

The  docrine  of  vital    The  doctrine    of  the 


parts  and  organs  of 
organisms. 
(Organology — 
Anatomy) — 
[a)  Phjrtotomy. 
[il)  Histology  of  Animals.   (^)  Zo5tomy. 

III.  Embryology. 
The  doctrine  of  the  generation  and  development  of  organisms. 


phenomena  in  gen- 
eral— 

(a)  Of  Plants. 

(^)  Of  Animals. 


activities  of  the  in- 
dividual organs — 

(a)  Of  Plants. 

(^)  Of  Animals. 


Morphological  part  of  the 
doctrine  of  development, 
t.  /.,  the  doctrine  of  form 
in  its  stages  of  develop- 
opinent — 

(a)  General. 

(^)  Special. 


1.  History  of  the  development  of 
single  beings,  of  the  individual 
(/.^.,of  man)  from  the  ovum 
onwards  (Ontogeny) — 

(a)  In  PlanU. 
{d)  In  Animals. 

2.  History  of  the  development  of 
a  wAole  stock  of  organisms  from 
the  lowest  form  of  the  series 
upwards  (Phylogeny) — 

(a)  Id  Plants. 
{J})  In  Animals. 


Physiological  part  of  the 
doctrine  of  development, 
i,e,^  the  doctrine  of  the 
\      activity  during  develop- 
ment— 

(tf)  General. 
\Jf)  Special. 
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Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  and 
a  previous  acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  compre- 
hension of  Physiology,  since  the  work  of  an  organ  can  only  be  properly  under- 
stood when  its  external  form  and  its  internal  arrangements  are  known.  De- 
velopment occupies  a  middle  place  between  Morphology  and  Physiology ;  it 
is  a  morphological  discipline  in  so  far  as  it  is  concerned  with  the  description  of 
the  parts  of  the  developing  organism  ;  it  is  a  physiological  doctrine  in  so  6ir  as 
it  studies  the  activities  and  vital  phenomena  during  the  course  of  development. 

MATTER. — The  entire  visible  world,  including  all  organbms,  consists  of 
matter,  /.  e, ,  of  substance  which  occupies  space. 

We  distinguish  ponderable  matter  which  has  weight,  and  imponderable  matter 
which  cannot  be  weighed  in  a  balance.     The  latter  is  generally  termed  ether. 

In  ponderable  materials,  again,  we  distinguish  their  form^  i.  e.,  the  nature  of 
their  limiting  surfaces ;  further,  their  volume,  i.  e.,  the  amount  of  space 'which 
they  occupy;  and  lastly,  their  aggregate  condition,  i.  e,,  whether  they  are  solid, 
fluid,  or  gaseous  bodies. 

Ether. — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  possesses 
distinct  mechanical  properties ;  it  is  infinitely  more  attenuated  than  any  known 
kind  of  gas,  and  behaves  more  like  a  solid  body  than  a  gas,  resembling  a  gelati- 
nous mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due 
to  the  vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter 
of  light,  which  is  conducted  by  means  of  its  vibrations,  with  inconceivable 
rapidity  (42,220  geographical  miles  per  second)  to  our  visual  organs  (^lyndall). 

Imponderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  other ;  rather  does  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  ponderable  matter. 

Particles. — Supposing  that  ponderable  matter  were  to  be  subdivided  con- 
tinuously into  smaller  and  smaller  portions,  until  we  reach  the  last  stage  of 
division  in  which  it  is  possible  to  recognize  the  aggregate  condition  of  the  mat- 
ter operated  upon,  we  should  call  the  finely-divided  portions  of  matter  in  this 
state  particles.  Particles  of  iron  would  still  be  recognized  as  soA'd,  particles  of 
water  bs  fluid,  particles  of  oxygen  bs  gaseous. 

Molecules. — Supposing,  however,  the  process  of  division  of  the  particles  to 
be  carried  further  still,  we  should  at  last  reach  a  limit,  beyond  which,  neither 
by  mechanical  nor  by  physical  means,  could  any  further  division  be  effected. 
We  should  have  arrived  at  the  molecules,  A  molecule,  therefore,  is  the  smallest 
amount  of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  unit 
no  longer  exhibits  the  aggregate  condition. 

Atoms. — But  even  molecules  are  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An  atom  cannot 
exist  by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dis- 
similar atoms  to  form  groups,  which  are  called  molecules.  Atoms  are  incapable 
of  further  subdivision,  hence  their  name.  We  assume  that  the  atoms  are  inva- 
riably of  the  same  size,  and  that  they  are  solid.    From  a  chemical  point  of  view, 
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the  atom  of  an  elementary  body  (element)  is  the  smallest  amount  of  the  element 
which  can  enter  into  a  chemical  combination.  Just  as  ponderable  matter  con- 
sists in  its  ultimate  parts  of  ponderable  atoms,  so  does  the  ether  consist  of 
analogous  small  ether-atoms. 

Ponderable  and  Imponderable  Atoms. — The  ponderable  atoms  within 
ponderable  matter  are  arranged  in  a  definite  relation  to  the  ether -atoms.  The 
ponderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the 
imponderable  ether-atoms;  but  the  ether-atoms  repel  each  other.  Hence,  in 
ponderable  masses,  ether-atoms  surround  every  ponderable  atom.  These  masses, 
in  virtue  of  the  attraction  of  the  ponderable  atoms,  tend  to  come  together,  but 
only  to  the  extent  permitted  by  the  surrounding  ether-atoms.  Thus  the  pon- 
derable atoms  can  never  come  so  close  as  not  to  leave  interspaces.  All  matter 
must,  therefore,  be  regarded  as  more  or  less  loose  and  open  in  texture,  a  con- 
dition due  to  the  interpenetrating  ether-atoms,  which  resist  the  direct  contact 
of  the  ponderable  atoms. 

Aggregate  Condition  of  Atoms. — The  relative  arrangement  of  the  mole- 
cules, /.  e,j  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  con- 
dition, determines  the  aggregate  condition  of  the  body. 

Within  a  solid  body,  characterized  by  the  permanence  of  its  volume  as  well 
as  by  the  independence  of  its  form,  the  molecules  are  so  arranged  that  they 
cannot  readily  be  displaced  from  their  relative  positions. 

Fluid  bodies,  although  their  volume  is  permanent,  readily  change  their 
shape,  and  their  molecules  are  in  a  condition  of  continual  movement. 

When  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  indi- 
vidual molecules  fly  apart,  the  body  becomes  gaseous,  and  as  such  is  character- 
ized by  the  instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 

Forces. 

I.  Gravitation — Work  done. — All  phenomena  appertain  to  matter. 
These  phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter. 
The  forces  themselves  are  not  appreciable ;  they  are  the  causes  of  the  phenomena. 

Gravitation. — The  law  of  gravitation  postulates  that  every  particle  of  pon- 
derable matter  in  the  universe  attracts  every  other  particle  with  a  certain  force. 
This  forc^  is  inversely  as  the  square  of  the  distance.  Further,  the  attractive 
force  is  directly  proportional  to  the  amount  of  the  attracting  matter,  without 
any  reference  to  the  quality  of  the  body.  We  may  estimate  the  intensity  of 
gravitation  by  the  extent  of  the  movement  which  it  communicates  to  a  body 
allowed  to  fall,  for  one  second,  through  a  given  distance,  in  a  vacuous  space. 
Such  a  body  will  fall  in  vacuo  at  the  surface  of  the  earth  9.809  metres  per 
second.     This  fact  has  been  arrived  at  experimentally. 

Let  OS  represeot  g  =  9.809  metres,  the  final  velocity  of  the  freely  falling  body  at  the  end  of 
one  second.     The  velodty,  V,  of  the  freely  falling  body  is  proportional  to  the  time,  t,  so  that 

V=^/ (I); 

I.  e.f  at  the  end  of  the  ist  sec,  and  V  =  ^,  i  =  ^  =s  9*809  M — the  distance  traversed — 

j='^/a (2); 
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t.  e.^  the  distances  are  as  the  squares  of  the  times.     Hence,  from  (i)  and  (2)  it  follows  (by 
eliminating  /)  that — 

V  =  Vigs (3). 

The  velocities  are  as  the  square  roots  of  the  distances  traversed — 

V* 
Therefore  -    =J (4). 

The  freely  falling  body,  and  in  fact  every  freely  moving  body,  possesses 
kinetic  energy,  and  is  in  a  certain  sense  a  magazine  of  energy.  The  kinetic 
energy  of  any  moving  body  is  always  equal  to  the  product  of  its  weight  (esti- 
mated by  the  balance),  and  the  height  to  which  it  would  rise  from  the  earth,  if 
it  were  thrown  from  the  earth  with  its  own  velocity. 

Let  W  represent  the  kinetic  energy  of  the  moving  body,  and  P  its  weight,  then  W  =  P,  /,  so 
that  from  (4)  it  follows  that — 

w=py (5). 

Hence,  the  kinetic  energy  of  a  body  is  proportional  to  the  square  of  its 
velocity. 

Work. — If  a  force  (pressure,  strain,  tension)  be  so  applied  to  a  body  as  to 
move  it,  a  certain  amount  of  work  is  performed.  The  amount  of  work  is  equal 
to  the  product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body, 
and  of  the  distance  through  which  it  is  moved. 

Let  K  represent  the  force  acting  on  the  body,  and  S  the  distance,  then  the  work  W  =  KS. 
The  attraction  between  the  earth  and  any  body  raised  above  it  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  **  unit  of  work  "  is  the  kilogram-metre,  /.  ^.,  the  force  which  is  required 
to  raise  i  kilo,  to  the  height  of  i  metre. 

2.  Potential  Energy. — The  Transformation  of  Potential  into  Kinetic  Energy, 
and  conversely :  Besides  kinetic  energy,  there  is  also  "potential  energy,"  or 
energy  of  position.  By  this  term  is  meant  various  forms  of  energy,  which  are 
suspended  in  their  action,  and  which,  although  they  may  cause  motion,  are  not 
in  themselves  motion.  A  coiled  watch-spring  kept  in  this  position,  a  stone 
resting  upon  a  tower,  are  instances  of  bodies  possessing  potential  energy,  or  the 
energy  of  position.  It  requires  merely  a  push  to  develop  kinetic  from  the 
potential  energy,  or  to  transform  potential  into  kinetic  energy. 

Work,  w,  was  performed  in  raising  the  stone  to  rest  upon  the  tower. 

w  =zp^s^  where  ^  =  the  weight  and  s  =  the  height, 
/  =  m  ./,  is  =  the  product  of  the  mass  (w),  and  the  force  of  gravity  (g\  so  that  w  =^  m  g  s. 

This  is  at  the  same  time  the  expression  for  the  potential  energy  of  the  stone. 
This  potential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 
pushing  the  stone  so  that  it  falls  from  the  tower.  The  kinetic  energy  of  the 
stone  is  equal  to  the  final  velocity  with  which  it  impinges  upon  the  earth. 

V    =  y/2g  s  (see  above  (3)  ). 

wV*  =     2m  g  s. 


m 


V»=     mgs. 
2  * 


mgs  was  the  expression  for  the  potential  energy  of  the  stone  while  it  was  still 
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resting  on  the  height ;  — V,  is  the  kinetic  energy  corresponding  to  this  potential 

energy  (JBrucke). 

Potential  energy  may  be  transformed  into  mechanical  energy  under  the  most 

varied  conditions ;  it  may  also  be  transferred  from  one  body  to  another. 

The  movement  of  a  pendulum  is  a  striking  example  of  the  former.  When  the  pendulum  is 
at  the  highest  point  of  its  excursion,  it  must  be  regarded  as  absolutely  at  rest  for  an  instant,  and 
as  endowed  with  potential  energy,  thus  corresponding  with  the  raised  stone  in  the  previous 
instance.  During  the  swing  of  the  pendulum  this  potential  energy  is  changed  into  kinetic 
energy,  which  is  greatest  when  the  pendulum  is  moving  most  rapidly  towards  the  vertical.  As 
it  rises  again  from  the  vertical  position,  it  moves  more  slowly,  and  the  kinetic  energy  is 
changed  into  potential  energy,  which  once  more  reaches  its  maximum  when  the  pendulum 
comes  to  rest  at  the  utmost  Umit  of  its  excursion.  Were  it  not  for  the  resistances  continually 
opposed  to  its  movements,  such  as  the  resistance  of  the  air  and  friction,  the  movement  of  the 
pendulum,  due  to  the  alternating  change  of  kinetic  into  potential  energy  and  vice  versd^  would 
continue  uninterruptedly,  as  with  a  mathematical  pendulum.  Suppose  the  swinging  ball  of  the 
pendulum,  when  exactly  in  a  vertical  position,  impinged  upon  a  resting  but  movable  sphere, 
the  potential  energy  of  the  ball  of  the  pendulum  would  be  transferred  directly  to  the  sphere, 
provided  that  the  elasticity  of  the  ball  of  the  pendulum  and  the  sphere  were  complete;  the 
pendulum  would  come  to  rest,  while  the  sphere  would  move  onward  with  an  equal  amount  of 
kinetic  energy,  provided  there  were  no  resistance  to  its  movement.  This  is  an  example  of  the 
transference  of  kinetic  energy  from  one  body  to  another.  Lastly,  suppose  that  a  stretched 
watch-spring  on  uncoiling  causes  another  spring  to  become  coiled ;  and  we  have  another  example 
of  the  transrerence  of  kinetic  energy  from  one  body  to  another. 

The  following  general  statement  is  deducible  from  the  foregoing  examples : — 

If,  in  a  system,  the  individual  moving  masses  approach  the  Anal  position  of 

equilibrium,  then  in  this  system  the  sum  of  the  kinetic  energies  increases ;  if,  on 

the  other  hand,  the  particles  move  away  from  the  final  position  of  equilibrium, 

then  the  sum  of  the  potential  energies  is  increased  at  the  expense  of  the  kinetic 

energies,  /.  <f.,  the  kinetic  energies  diminish  (^Briicke). 

The  pendulum,  which,  after  swinging  from  the  highest  point  of  its  excursion,  approaches  the 
vertical  position,  i.e.^  the  position  of  equilibrium  of  a  passive  pendulum,  has  in  this  position 
the  largest  amount  of  potential  energy;  as  it  again  ascends  to  the  highest  point  of  its  excursion 
on  the  other  side,  it  again  gradually  receives  the  maximum  of  potential  energy  at  the  expense 
of  the  gradually  diminishing  movement,  and  therefore  of  the  kinetic  energy. 

3.  Heat. — Its  Relation  to  Potential  and  Kinetic  Energy. — If  a  lead  weight 
be  thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  sub- 
stance, the  movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic 
energy  (which  to  the  eye  appears  to  be  lost)  is  transformed  into  a  lively  vibra- 
tory movement  of  the  atoms.  When  the  lead  meets  the  earth,  heat  is  produced. 
The  amount  of  heat  produced  is  proportional  to  the  kinetic  energy,  which  is  trans- 
formed through  the  concussion.  At  the  moment  when  the  lead  weight  reaches 
the  earth,  the  atoms  are  thrown  into  vibrations;  they  impinge  upon  each  other; 
then  rebound  again  from  each  other  in  consequence  of  their  elasticity,  which  op- 
poses their  direct  juxtaposition  ;  they  fly  asunder  to  the  maximum  extent  per- 
mitted by  the  attractive  force  of  the  ponderable  atoms,  and  thus  oscillate  to  and 
fro.  All  the  atoms  vibrate  like  a  pendulum,  until  their  movement  is  communi- 
cated to  the  ethereal  atoms  surrounding  them  on  every  side,  /.  e.,  until  the  heat 
of  the  heated  mass  is  *^  radiated, '  *    Heat  is  thus  a  vibratory  movement  of  the  atoms. 

As  the  amount  of  heat  produced  is  proportional  to  the  kinetic  energy,  which 
is  transformed  through  the  concussion,  we  must  find  an  adequate  measure  for 
both  forces. 

Heat-Unit. — As  a  standard  of  measure  of  heat,  we  have  the  **  heat-unit "  or 
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calorie.  The  "heat-unit**  or  calorie  is  the  amount  of  energy  required  to  raise 
the  temperature  of  i  gram  of  water  i°  centigrade.  The  **  heat-unit  *  *  corresponds 
to  425.5  gram-metres,  /.  ^.,  the  same  energy  required  to  heat  i  gram  of  water 
1°  C.  would  raise  a  weight  of  425.5  grams  to  the  height  of  i  metre  ;  or,  a  weight 
of  425.5  grams,  if  allowed  to  fall  from  the  height  of  i  metre,  would  by  its  con- 
cussion produce  as  much  heat  as  would  raise  the  temperature  of  i  gram  of  water 
1°  C.  The  "mechanical  equivalent  '*  of  the  heat-unit  is,  therefore,  425.5 
gram-metres. 

It  is  evident  that  from  the  collbion  of  moving  masses  an  immeasurable  amount  of  heat  .can 
be  produced.  Let  us  apply  what  has  already  been  said  to  the  earth.  Suppose  the  earth  to  be 
disturbed  in  its  orbit,  and  suppose  further  that,  owing  to  the  attraction  of  the  sun,  it  were  to 
impinge  on  the  latter  (whereby,  according  to  J.  R.  Mayer,  its  final  velocity  would  be  85 
geographical  miles  per  second),  the  amount  of  heat  produced  by  the  collision  would  be  equal  to 
that  produced  by  the  combustion  of  a  mass  of  pure  charcoal  more  than  5000  times  as  heavy 
(Julius  Robert  Mayer,  HelmhoHz), 

Thus,  the  heat  of  the  sun  itself  can  be  produced  by  the  collision  of  masses  of  cold  matter. 
If  the  cold'  matter  of  the  universe  were  thrown  into  space,  and  there  left  to  the  attraction  of  its 
particles,  the  collision  of  these  particles  would  ultimately  produce  the  light  of  the  stars.  At 
the  present  time,  numerous  cosmic  bodies  collide  in  space,  while  innumerable  small  meteors 
(94,000  to  188,000  billions  of  kilos,  per  minute)  fall  into  the  sun.  The  force  of  gravity  is 
perhaps,  in  fact,  the  only  source  of  all  heat  (y.  R.  Mayer ,  Tyndall). 

We  have  a  homely  example  of  the  transformation  of  kinetic  energy  into  heat  in  the  fact  that  a 
blacksmith  may  make  a  piece  of  iron  red-hot  by  hammering  it.  Of  the  conversion  of  heat  into  kinetic 
energy  we  have  an  example  in  the  hot  watery  vapour  (steam)  of  the  steam-engine  raising  the 
piston.  An  example  of  the  conversion  of  potential  energy  into  heat  occurs  in  a  metallic  spring, 
when  it  uncoils  and  is  so  placed  as  to  rub  against  a  rough  surface,  producing  heat  by  friction. 

4.  Chemical  Affinity :  Relation  to  heat. — Whilst  gravity  acts  upon  the 
particles  of  matter  without  reference  to  the  composition  of  the  body,  there  is 
another  atomic  force  which  acts  between  atoms  of  a  chemically  different  nature ; 
this  is  chemical  affinity.  This  is  the  force  in  virtue  of  which  the  atoms  of 
chemically  different  bodies  unite  to  form  a  chemical  compound.  The  force 
itself  varies  greatly  between  the  atoms  of  different  chemical  bodies ;  thus  we 
speak  of  strong  chemical  affinities  and  weak  affinities.  Just  as  we  were  able  to 
estimate  the  potential  energy  of  a  body  in  motion  from  the  amount  of  heat 
which  was  produced  when  it  collided  with  an  unyielding  body,  so  we  can 
measure  the  amount  of  heat  which  is  formed  when  the  atoms  of  chemically 
different  bodies  unite  to  form  a  chemical  compound.  As  a  rule,  heat  is  formed 
when  separate  chemically-different  atoms  form  a  compound  body.  When,  in 
virtue  of  chemical  affinity,  the  atoms  of  i  kilo,  of  hydrogen  and  8  kilos,  of 
oxygen  unite  to  form  the  chemical  compound  water^  an  amount  of  heat  is 
thereby  evolved  which  is  equal  to  that  produced  by  a  weight  of  47,000  kilos, 
falling  and  colliding  with  the  earth  from  a  height  of  1000  feet  alSove  the  surface 
of  the  earth  If  i  gram  of  H  be  burned  along  with  the  requisite  amount  of  O 
to  form  water,  it  yields  34,460  heat-units  or  calories:  and  i  gram  carbon 
burned  to  carbonic  acid  (carbon  dioxide)  yields  8080  heat-units.  Wherever y 
in  chemical  processes  y  strong  chemical  affinities  are  satisfied ^  heat  is  set  free,  /.  e, , 
chemical  affinity  is  changed  into  heat.  Chemical  affinity  is  a  form  of  potential 
energy  obtaining  between  the  most  different  atoms,  which  during  chemical 
processes  is  changed  into  heat.  Conversely,  in  those  chemical  processes  where 
strong  affinities  are  dissolved,  and  chemically-united  atoms  thereby  pulled  asun- 
der, there  must  be  a  diminution  of  temperature,  or,  as  it  is  said,  heat  becomes 


INTRODUCTION.  xH 

latent — that  is,  the  energy  of  the  heat  which  has  become  latent  is  changed  into 
chemical  energy,  and  this,  after  decomposition  of  the  compound  chemical  body, 
is  again  represented  by  the  chemical  affinity  between  its  isolated  different  atoms. 

LAW  OF  THE  CONSERVATION  OF  ENERGY.— Julius  Robert 
Mayer  and  Helmholtz  have  established  the  important  law  that,  in  a  system 
which  does  not  receive  an  influence  and  impression  from  without,  the  sum  of 
all  the  forces  acting  within  it  is  always  the  same.  The  various  forms  of  energy 
can  be  transformed  one  into  the  other,  so  that  kinetic  energy  may  be  transformed 
into  potential  energy  and  vice  versd,  but  there  is  never  any  part  of  the  energy  lost. 
The  transformation  takes  place  in  such  measure  that,  from  a  certain  definite 
amount  of  one  form  of  energy,  a  definite  amount  of  another  can  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following 
modifications : — 

1.  Molar  motion  (ordinary  movements),  as  in  the  movements  of  the  whole 
body,  of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopi- 
cally in  connection  with  cells. 

2.  Movements  of  atoms  as  heat. — We  know,  in  connection  with  the 
vibration  of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  deter- 
mines whether  the  oscillations  appear  as  heat,  light,  or  chemically-active  vibra- 
tions. Heat-vibrations  have  the  smallest  number,  while  chemically-active  vibra- 
tions have  the  largest  number,  light-vibrations  standing  between  the  two.  In 
the  human  body  we  only  observe  heat-vibrations,  but  some  of  the  lower  animals 
are  capable  of  exhibiting  the  phenomena  of  light. 

In  the  human  organism  the  molar  movements  in  the  individual  organs  are 
constantly  being  transformed  into  heat,  e.  g.,  the  kinetic  energy  in  the  organs 
of  the  circulation  is  transformed  by  friction  into  heat.  The  measure  of  this  is 
the  *•  unit  of  work  "  =  i  gram-metre,  and  the  **  unit  of  heat  '*  =  425.5 
gram -metres. 

3.  Potential  Energy. — The  organism  contains  many  chemical  compounds 
which  are  characterized  by  the  great  complexity  of  their  constitution,  by  the 
imperfect  saturation  of  their  affinities,  and  hence  by  their  great  tendency  to 
split  up  into  simpler  bodies. 

The  body  can  transform  the  potential  energy  into  heat  as  well  as  into  kinetic 
energy,  the  latter  always  in  conjunction  with  the  former,  but  the  former  always 
by  itself  alone.  The  simplest  measure  of  the  potential  energy  is  the  amount  of 
A^^  which  can  be  obtained  by  complete  combustion  of  the  chemical  compounds 
representing  the  potential  energy.  The  number  of  work-units  can  then  be 
calculated  from  the  amount  of  heat  produced. 

4.  The  phenomena  of  electricity,  magnetism,  and  diamagnctism  may 
be  recognized  in  two  directions,  as  movements  of  the  smallest  particles,  which 
are  recognized  in  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  elec- 
trical currents  (against  considerable  resistance),  and  also  as  molar  movement,  as 
in  the  attraction  or  repulsion  of  the  magnetic  needle.  Electrical  phenomena 
are  manifested  in  our  bodies  by  muscle,  nerve,  and  glands,  but  these  phenomena 
are  relatively  small  in  amount  when  compared  with  the  other  forms  of  energy. 
It  is  not  improbable  that  the  electrical  phenomena  of  our  bodies  become  almost 
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conpletely  transformed  into  heat.  As  yet  experiment  has  not  determined  with 
accuracy  a  **unit  of  electricity"  directly  comparable  with  the  **  heat-unit  *' 
and  the  "work-unit." 

It  is  quite  certain  that  within  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
delinite  amount  of  another  form ;  further,  that  new  energy  never  arises  sponta- 
neously, nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism 
the  law  of  the  conservation  of  energy  is  continually  in  action. 

ANIMALS  AND  PLANTS.— The  animal  body  contains  a  quantity  of 
chemically-potential  energy  stored  up  in  its  constituents.  The  total  amount  of 
the  energy  present  in  the  human  body  might  be  measured  by  burning  completely 
an  entire  human  body  in  a  calorimeter^  and  thereby  determining  how  many 
heat-units  are  produced  when  it  is  reduced  to  ashes  (see  Animal  Heat). 

The  chemical  compounds  containing  the  potential  energy  are  characterized 
by  the  complicated  relative  position  of  their  atoms,  by  a  comparatively  imper- 
fect saturation  of  the  affinities  of  their  atoms,  by  the  relatively  small  amount  of 
oxygen  which  they  contain,  by  their  great  tendency  to  decomposition,  and  the 
facility  with  which  they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grams  of  his  body- 
weight  every  hour ;  the  material  part  of  his  body,  which  contains  the  potential 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion 
takes  place ;  by  the  process  of  combustion  simpler  substances  are  formed  from 
the  more  complex  compounds,  whereby  potential  is  converted  into  kinetic 
energy.  It  is  immaterial  whether  the  combustion  is  rapid  or  slow ;  the  same 
amount  of  the  same  chemical  substances  always  produces  the  same  amount  of 
kinetic  energy,  /.  e,y  of  heat. 

A  person,  when  fasting,  experiences  after  a  certain  time  the  disagreeable  feel- 
ing of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in,  and  he  takes 
food.  All  food  for  the  animal  kingdom  is  obtained^  either  directly  or  indirectly , 
from  the  vegetable  kingdom.  Even  carnivora,  which  eat  the  flesh  of  other  ani- 
mals, only  eat  organized  matter  which  has  been  formed  from  vegetable  food. 
The  existence  of  the  animal  kingdom  presupposes  the  existence  of  the  vege- 
table kingdom. 

All  substances,  therefore,  necessary  for  the  food  of  animals  occur  in  vegetables. 
Besides  water  and  the  inorganic  constituents,  plants  contain,  amongst  other 
organic  compounds,  the  following  three  chief  representatives  of  food-stuffs — fats, 
carbohydrates,  and  proteids. 

All  these  contain  stores  of  potential  energy,  in  virtue  of  their  complex 
chemical  constitution. 

The  fats  contain  :-  }  ^Jl^^if/^iJ^  =  ^^^  ^^^'  \    (§  251). 

(  +  CHjCOH),  =  glycerm  .  j    ^^    ^  ^ 

The  carbohydrates  contain  : — CeHwOj (§252). 

f  C.  51-5-54.5 


The  proteids  contain  per  cent. : —  -« 


H.    6.9-  7.3 

N.  15. 2-1 7.0  \  (§§  248  and  249). 

O.  20.6-23.5 

S.     0.3-  2.0 
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A  inan  who  takes  a  certain  amoiint  of  this  food  adds  thereto  oxygen  from 
the  air  in  the  process  of  respiration.  Combustion  or  oxidation  then  takes 
place,  whereby  chemically-potential  energy  is  transformed  into  heat. 

It  is  evident  that  the  products  of  this  combustion  must  be  bodies  of  simpler 
constitution — bodies  with  less  complex  arrangement  of  their  atoms,  with  the 
greatest  possible  saturation  of  the  affinities  of  their  atoms,  of  greater  stability, 
partly  rich  in  O,  and  possessing  either  no  potential  energy,  or  only  very  little. 
These  bodies  are  carbon  dioxide,  COaj  water,  H,0 ;  and  as  the  chief  rep- 
resentative of  the  nitrogenous  excreta,  urea  (CO(NH,),),  which  has  still  a  small 
amount  of  potential  energy,  but  which  outside  the  body  is  readily  converted 
into  CO,  and  ammonia  (NH,). 

The  human  body  is  an  organism  in  which,  by  the  phenomena  of  oxidation, 
the  complex  nutritive  materials  of  the  vegetable  kingdom,  which'  are  highly 
charged  with  potential  energy,  are  transformed  into  simple  chemical  bodies, 
whereby  the  potential  energy  is  transformed  into  the  equivalent  amount  of 
kinetic  energy  (heat,  work,  electrical  phenomena). 

But  how  do  plants  form  these  complex  food-stuffs  so  rich  in  potential  energy  ? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
form  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
sun,  whose  chemical  light-rays  are  absorbed  by  plants.  Without  the  rays  of  the 
son  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  C0„H20, 
NHs,  and  N,  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are 
also  produced  by  the  excreta  of  animals.  Plants  absorb  the  kinetic  energy  of 
light  from  the  sun*s  rays  and  transform  it  into  potential  energy ,  which  is  accumu- 
lated during  the  growth  of  the  plant  in  its  tissues,  and  in  the  food-stuffs  pro- 
duced in  them  during  their  growth.  This  formation  of  complex  chemical  com- 
pounds is  accompanied  by  the  simultaneous  excretion  of  O. 

Occasionally,  Idnetic  energy,  such  as  we  universally  meet  with  in  animals,  is  liberated  in  plants. 
Many  plants  develop  considerable  quantilies  of  heat  in  their  flowers,  e,  ^.,  the  arum  tribe.  We 
most  also  remember  that  during  the  formation  of  the  solid  parts  of  plants,  when  fluid  juices  are 
dianged  into  solid  masses,  heat  is  set  free.  In  plants,  under  certain  circumstances,  O  b  absorbed, 
and  CO,  is  excreted,  bat  these  processes  are  so  trivial  as  compared  with  the  typicid  condition  in 
the  vegetable  kingdom,  that  they  may  be  regarded  as  of  small  moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  transform 
simple  stable  combinations  into  complex  compounds,  whereby  potential  solar 
energy  is  transformed  into  the  chemically-potential  energy  of  vegetable  tissues. 
Animals  are  living  beings,  which  by  oxidation  decompose  or  break  up  the 
complex  grouping  of  atoms  manufactured  by  plants,  whereby  potential  is  trans- 
f<Mrmed  into  kinetic  energy.  Thus,  there  is  a  constant  circulation  of  matter 
and  a  constant  exchange  of  energy  between  plants  and  animals.  All  the  energy 
of  animals  is  derived  from  plants.  All  the  energy  of  plants  arises  from  the  sun. 
Thus  the  sun  is  the  cause,  the  original  source  of  all  energy  in  the  organism, 
/.  e,,  of  the  whole  of  life. 

As  the  formation  of  solar  heat  and  solar  light  is  explicable  by  the  gravitation 
of  masses,  gravity  'v&  perhaps  the  original  form  of  energy  of  all  life. 

We  may  thus  represent  the  formation  of  kinetic  energy  in  the  animal  body 
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from  the  potential  energy  of  plants.  Let  us  suppose  the  atoms  of  the  sub- 
stances formed  in  organisms,  as  simply  small  bodies,  balls,  or  blocks.  As  long 
as  these  lie  in  a  single  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable 
arrangement,  and  they  continue  to  remain  at  rest.  If,  however,  an  artificial 
tower  be  built  of  these  blocks,  so  that  an  unstable  erection  is  produced,  and  the 
same  tower  be  afterwards  knocked  down,  then  for  this  purpose  we  require — (i) 
the  motor  power  of  the  workman  who  lifts  and  carries  the  blocks ;  (2)  a  blow  or 
other  impulse  from  without  applied  to  the  unstable  structure — when  the  atoms 
will  fall  together,  and  as  they  fall  collide  with  each  other  and  produce  heat. 
Thus,  the  energy  employed  by  the  workman  is  again  transformed  into  the  last- 
named  form  of  energy. 

In  plants  the  complex  unstable  building  of  the  groups  of  atoms  is  carried  on, 
the  constructor  being  the  sun.  In  animals,  which  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kinetic  energy. 

Vital  Energy  and  Life. — The  forces  which  act  in  organisms,  in  plants 
and  animals  are  exactly  the  same  as  are  recognizable  as  acting  in  dead  matter. 
A  so-called  "vital  force,"  as  a  special  force  of  a  peculiar  kind,  causing  and 
governing  the  vital  phenomena  of  living  beings,  does  not  exist.  The  forces  of 
all  matter,  of  organized  as  well  as  unorganized,  exist  in  connection  with  their 
smallest  particles  or  atoms.  As,  however,  the  smallest  particles  of  organized 
matter  are,  for  the  most  part,  arranged  in  a  very  complicated  way,  compared 
with  the  much  simpler  composition  of  inorganic  bodies,  so  the  forces  of  the 
organism  connected  with  the  smallest  particles  yield  more  complicated  phe- 
nomena and  combinations,  whereby  it  is  excessively  difficult  to  ascribe  the  vital 
phenomena  in  organisms  to  the  simple  fundamental  laws  of  physics  and  chemistry. 

The  Exchange  of  Material,  or  Metabolism  {^'  Sioffiwechsei'')  as  a 
Sign  of  Life. — Nevertheless,  there  appears  to  be  a  special  exchange  of  matter 
and  energy  peculiar  to  living  beings.  This  consists  in  the  capacity  of  organ- 
isms to  assimilate  the  matter  of  their  surroundings,  and  to  work  it  up  into  their 
own  constitution,  so  that  it  forms  for  a  time  an  integral  part  of  the  living  being, 
to  be  given  off  again.  The  whole  series  of  phenomena  is  called  metabolism 
or  "  Stoffwechsel,"  which  consists  in  the  introduction,  assimilation,  integra- 
tion, and  excretion  of  matter. 

We  have  already  shown  that  the  metabolism  of  plants  and  that  of  animals  are 
quite  different.  The  processes,  as  already  described,  actually  occur  in  the 
typical  higher  plants  and  animals. 

But  there  is  a  large  group  of  organisms  which,  throughout  their  entire  organi- 
zation, exhibit  so  low  a  degree  of  development,  that  by  some  observers  they 
are  considered  as  undifferentiated  **  ground-forms.'*  They  are  regarded  as 
neither  plants  nor  animals,  and  are  the  most  simple  forms  of  animated  matter. 
Haeckel  has  called  these  organisms  Protistse,  as  being  the  original  and  primi- 
tive forms. 

We  must  assume  that,  corresponding  with  their  simpler  vital  conditions,  their 
metabolism  is  also  simpler,  but  on  this  point  we  still  require  further  observations 
and  experiments. 


Physiology  of  the  Blood. 


[The  blood  is  aptly  described  by  Claude  Bernard  as  an  internal  medium 
which  acts  as  a  "go-between  ''  or  medium  of  exchange  for  the  outer  world 
and  the  tissues.  Into  it  are  poured  those  substances  which  have  been  subjected 
to  the  action  of  the  digestive  fluids,  and  in  the  lungs  or  other  respiratory  organs 
it  receive  oxygen.  It  thus  contains  new  substances,  but  in  its  passage 
through  the  tissues  it  gives  up  some  of  these  new  substances,  and  receives  in  ex- 
change certain  waste  products,  which  have  to  be  got  rid  of.  Its  composition  is 
thus  highly  complex.  Besides  carrying  the  n^w  nutrient  fluids  /o  the  tissues,  it  is 
also  the  great  oxygen-carrier,  as  well  as  the  medium  by  which  some  of  the  waste 
products,  e,g,,  CO,,  urea,  are  removed  from  the  tissues,  and  brought  to  the  organs, 
^r.^.,  the  lungs,  kidneys,  skin,  which  eliminate  them  from  the  body.  It  is  at  once 
a  great  pabulum-supplying  medium  and  a  channel  for  getting  rid  of  useless  ma- 
terials. As  the  composition  of  the  organs  through  which  the  blood  flows  varies, 
it  is  evident  that  its  composition  must  vary  in  different  parts  of  the  circulatory 
system ;  and  it  also  varies  in  the  same  individual  under  different  conditions. 
Still  with  slight  variations,  there  are  certain  general  physical,  histological,  and 
chemical  properties  which  characterize  blood  as  a  whole. 1^ 

I.  PHYSICAL  PROPERTIES.— (i)  Color.— The  color  of  blood 
varies  from  a  bright  scarlet-red  in  the  arteries  to  a  deep,  dark,  bluish-red  in  the 
veins.  Oxygen  (and,  therefore,  the  air)  makes  the  blood  bright  red  ;  want  of 
oxygen  makes  it  dark.  Blood  free  from  oxygen  (and  also  venous  blood)  is 
dichroic — /.  ^.,  by  reflected  light  it  appears  dark  red,  while  by  transmitted  light 
it  is  green.     [Arterial  blood  is  monochroic] 

In  thin  layers  blood  is  opaque,  as  is  easily  shown  by  shaking  blood  so  as  to  form 
bubbles,  or  by  allowing  blood  to  fall  upon  a  plate  with  a  pattern  on  it,  and  pour- 
ing it  off*  again.  [Printed  matter  cannot  be  read  through  a  thin  layer  of  blood 
spread  on  a  glass  slide.]  Blood  behaves,  therefore,  like  an  **  opaque  color,'*  as  its 
coloring  matter  is  suspended  in  the  form  of  fine  particles — th^  blood-corpuscles. 

Hence,  it  is  possible  to  separate  the  coloring-oiatter  from  the  fluid  part  of  the  blood  by 
filtration.  This  is  accomplished  by  mixing  the  blood  with  the  fluids  which  render  the  blood- 
corpuscles  sticky  or  rough.  If  mammalian  blood  be  treated  with  one-seventh  of  its  volume  of 
solution  of  sodic  sulphate,  or  if  frog's  blood  be  mixed  with  a  2  per  cent,  solution  of  sugar  {Joh, 
Mulier)  and  filtered,  the  shrivelled  corpuscles,  now  robbed  of  part  of  their  water,  remain  upon 
the  filter. 

t 

(2)  Reaction. — The  reaction  is  alkaline,  owing  to  the  presence  of  disodic 
phosphate,  Na,HP04,  and  bicarbonate  of  soda.  After  blood  is  shed,  its  alka- 
linity rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the  alkalinity 
of  the  blood.  This  is  due  to  the  formation  of  an  acid,  in  which,  perhaps,  the 
colored  corpuscles  take  part,  owing  to  the  decomposition  of  their  coloring 
matter.  A  high  temperature  and  the  addition  of  an  alkali  favor  the  formation 
of  the  acid  {N,  Zuntz). 
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The  alkaline  reaction  of  blood  is  diminished :  (a)  by  great  muscular  exertion,  owing  to  the 
formation  of  a  large  amount  of  acid  in  the  muscles;  (/?)  during  coagulation  ;  (y)  in  old  blood, 
or  blood  dissolved  by  water  from  old  blood-stains,  such  blood  being  usually  acid ;  fresh  cruor 
has  a  stronger  alkaline  reaction  than  serum ;  (d)  after  the  prolonged  use  of  soda  the  alkalinity 
is  increased,  after  the  use  of  acids  it  is  decreased.  In  women  and  children  the  alkalescence  is 
less  than  in  man,  and  it  is  less  in  lying-in  women  than  in  pregnant  women  (Pfiper). 

Methods. — Owing  to  the  color  of  the  blood  we  cannot  employ  ordinary  litmus  paper  to  test 
its  reaction.  One  of  the  following  methods  may  be  used  :  (i)  Moisten  a  strip  of  glazed  red 
litmus  paper  with  solution  of  common  salt,  and  allow  a  drop  of  blood  to  fall  on  the  paper ; 
than  rapidly  wipe  it  off  before  its  coloring  matter  has  time  to  penetrate  and  tinge  the  paper 
(Zuntz).  (2)  Liebreich  used  thin  plates  of  plaster-of-Paris  of  a  perfectly  neutral  reaction. 
These  are  dried,  and  afterwards  moistened  with  a  neutral  solution  of  litmus.  When  a  drop  of 
blood  is  placed  upon  the  porous  plate,  the  fluid  part  of  the  blood  passes  into  it,  the  cor> 
puscles  are  then  washed  off  with  water,  and  the  altered  color  of  the  litmus-stained  slab  is 
apparent.  [(3)  Schftfer  uses  dry  faintly -reddened  glazed  litmus  paper,  and  on  it  is  placed  a 
drop  of  blood,  which  is  wiped  off  after  a  few  seconds.  The  place  where  the  blood  rested  is 
indicated  by  a  blue  patch  upon  a  red  or  violet  ground.] 

Estimation  of  the  Alkalinity. — A  very  dilute  solution  of  tartaric  add  (1  cubic  centimetre 
combines  with  3.1  milligrams  of  soda,  /.  ^.,  I  litr^  of  water  contains  7.5  grams  of  crystallized 
tartaric  acid]  is  added  to  blood  until  a  blue  litmus  paper  is  turned  red  (by  Zuntz's  method). 
100  grams  of  rabbifs  blood  have  an  alkalinity  corresponding  to  150  milligrams  of  soda;  the 
blood  of  camivora  to  about  180  milligrams  (Lassar)^  while  100  c.  c.  of  normal  human  blood  have 
an  alkalinity  equal  to  260-300  milligrams  of  soda  (v.  JakscK). 

The  following  method  can  be  used  with  a  few  drops  of  blood:  To  neutralize  the  blood,  tar- 
taric acid  in  the  above  concentration  is  used.  Prepare  the  following  mixtures  by  mixing  the 
tartaric  acid  solution  with  a  concentrated  neutral  solution  of  sodic  sulphate,  and  then  adding 
sodic  sulphate  until  the  mixture  is  completely  saturated.  I,  10  parts  of  solution  of  tartaric 
acid  to  100  parts  of  concentrated  sodic  sulphate  solution  ;  II,  20  parts  tartaric  acid  solution  to 
90  sodic  sulphate  solution ;  III,  contains  these  sul>stances  in  the  proportion  of  30  to  80;  IV, 
40  to  70;  V,  50  to  60;  VI,  60  to  50;  VII,  70  to  40;  VIII,  80  to  30;  IX,  90 to  20 ;  and 
X,  100  to  10.     Excess  of  sodic  sulphate  is  present  in  all  the  flasks. 

A  known  volume  of  the  blood  to  be  investigated  is  mixed  with  an  equal  volume  of  each  of 
the  mixtures,  in  a  small  tube,  which  is  made  by  drawing  out  a  glass  tube  i  millimetre  in 
diameter  to  a  fine  point.  To  calibrate  the  tube,  suck  up  water,  say,  to  the  height  of  8  mm., 
make  a  mark  on  the  tube  with  a  fine  file,  then  suck  up  the  water  until  its  lower  level  corre 
sponds  with  the  mark.  Again  mark  the  upper  limit  of  the  water.  To  test  the  blood,  suck  a 
drop  of  the  mixture  I  up  to  the  level  of  the  first  mark  on  the  glass  pipette,  and,  after  wiping 
its  point,  suck  up  an  equal  quantity  of  blood.  Again  clean  the  point  of  the  pipette,  and  blow 
its  contents  into  a  watch-glass ;  then  mix,  and  test  the  reaction  with  sensitive  violet-colored 
litmus  paper.  Proceed  in  the  same  way  with  the  several  mixtures,  II  to  X,  until  the 
alkaline  reaction  disappears  or  the  acid  appears.  The  narrow  strips  of  litmus  paper  are  dipped 
into  each  of  the  mixtures,  the  corpuscles  remain  in  the  wetted  part  of  the  paper,  while  the 
fluid  permeates  further  and  shows  the  reaction.  As  a  rule,  the  degree  of  alkalinity  in  human 
blood  of  adults  corresponds  to  VI,  and  in  children  to  IV.  Human  blood  can  be  sucked  directly 
from  a  small  wound  made  by  a  needle,  either  by  attaching  an  elastic  tube  or  a  small  hypodermic 
syringe  to  the  pipette  {Landois), 

Pathological. — The  alkalinity  is  increased  during  persistent  vomiting,  and  decreased  in 
pronounced  anaemia,  cachexia,  uraemia,  rheumatism,  high  fever,  diabetes,  in  poisoning  with  CO, 
degenerations  of  the  liver,  and  cholera.  [Immediately  before  death  by  cholera  it  may  be  acid 
i^Caniani),'] 

(3)  Odor. — Blood  emits  a  peculiar  odor,  the  halitus  sanguinis,  which  differs 
in  animals  and  man. 

It  depends  upon  the  presence  of  volatile  fatty  acids.  If  concentrated  sulphuric  acid  [i^ 
vols.]  be  added  to  blood,  whereby  the  volatile  fatty  acids  are  set  free  from  their  combinations 
with  alkalies,  the  characteristic  odor,  somewhat  similar  to  that  of  butyric  acid,  becomes  much 
more  perceptible. 

(4)  Taste. — Blood  has  a  saline  taste,  depending  upon  the  salts  dissolved  in 
the  fluid  of  the  blood. 

(5)  Specific  Gravity. — The  specific  gravity  is  1056-1059  in  man  105 1- 
1055  in  woman  ;  in  children  less.  The  specific  gravity  of  the  blood-corpuscles 
is  1105,  that  of  the  plasma  1207.     Hence  the  corpuscles  tend  to  sink. 
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Clinical  Melfaod.— A  thia  glus  lube  is  drawn  out  till  it  is  of  snikll  calibre,  and  ihea  bent  at 
a  r^hl  angle,  and  closed  above  wiih  a  caoutchouc  cap,  thui  forming  a  small  pipette.  With 
Ibis  pipellc,  auck  up  a  drop  of  frexhly-drawo  blood  obtaiocd  by  [^cliiDg  tbe  linger.  The  line 
ca|nl1ary-iube  is  at  once  immersed  in  a  solution  of  sodic  sulphate,  and  b  drop  of  the  blood 
eiptessed  into  the  saline  solution.  It  is  necessary  li  prepare  several  solulinns  of  aodic  sulphale 
with  specific  gravities  varying  from  1050-1070,  The  solution  in  which  the  corpuscles  repiain 
sospended  indic«cs  ibe  specific  gravity  of  the  blood  {Roy,  Landeis). 

Tbe  drinking  of  water  and  hunger  diminish  the  specific  gravity  temporarily,  while  thirst  and 
the  digestion  of  dry  food  raise  it.  If  blood  be  passed  Ibrough  an  organ  aitilicially,  its  apeciiic 
gravity  rises  in  consequence  of  the  absorption  of  dissolved  matters  «nd  tbe  giving  off  of  water. 
Il  falls  after  hemorrhage,  and  is  diminished  in  badly-nourished  individuals.  [By  working 
with  solutions  of  glycerine,  Jones  find-:  that  it  is  the  highest  at  birth,  and  at  a  minimum 
between  the  second  week  and  the  second  year;  it  rises  gradually  until  the  3Slh-45th  year.  Il 
is  usually  higher  in  Che  male  than  the  female,  is  diminished  by  pregnancy,  the  ingestion  of  solid 
or  liquid  food,  and  gentle  exercise.] 

[(6)  Temperature. — Blood  is  viscid,  and  its  temperature  variesfrom  36. 5°  C. 
(97.7°  F.)  to  37.8°  C.  (100°  F.).  The  warmest  blood  in  the  body  is  that  of  the 
hepatic  vein  (§  210).] 

2.  MICROSCOPIC  EXAMINATION.— [Blood,  whcTi  exatninedlby 
the  microscope,  is  seen  to  consist  of  an  enormous  number  of  corpuscles — 
colored  and  colorless — floating  in  a  transparent  fluid,  the  plasma,  or  liquor 
sanguinis,  together  with  the  blood-plates  or  platelets.] 

*  B 
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n  edge;  3,  rouleau  of  colored  cor- 
t  tbe  flat;  3.  on  edge.  C,  ideal 
magnified  5000  times  linear — a,b. 


Fig.  I- 
A,  human  colored  blood-corpoicles— 1,  on  the  flat;  3 

poscles.  B,  amphilHan  colored  blood- corpuscles — 1,  o 
iTBDivene  section  of  a  human  colored  blood-corpuscle 
diameter;  ;,i^, thickness. 

I.  Human  Red  Blood-Corpuscles. — (a)  Form. — They  are  circular, 
coin-shaped,  homogeneous  discs,  with  saucer-like  depressions  on  both  surfaces, 
and  with  rounded  margins ;  in  other  words,  they  are  bi*concave,  circular  non- 
nucleated  discs  (figs.  I,  A;  5). 

(Ji)  Size. — The  diameter  (d,  b')  is  7. 7^1,'  (6. 7-9. 3;n)  the  greatest  thickness  {c,  rf) 
1-9'''  C^S-  i<  '^)>  ['-  '-1  >t  is  Winr  ^°  i^nt  of  ^n  inch  in  diameter,  and  about  one- 
fourth  of  ihat  ID  thickness]. 

They  are  slightly  diminished  in  size  by  si 
temperature,  and  CO,;  and  increased  by  O,  v 
of  alcohol,  quinine,  arid  hydrocyanic  acid.     Campari  %  1 

If  tbe  tMal  amount  of  blood  in  a  man  be  taken  ai 

le-thousandlb  of  a 
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tberdn  conUkincd  bare  1  surface  of  2816  square  melres,  which  is  equal  (o  a  square  turface  wiih 
a  side  of  80  paces;  176  cubic  centimetres  of  blood  past  Ibioagh  (he  lungs  in  a  second,  and  the 
blood-corpusclei  in  Ihis  amoaDi  of  blood  have  a  superficies  of  gt  square  mcttts,  equal  (0  a  square 
surface  with  a  side  of  13  paces  ( IVrlcier). 

(c)  The  ^Veight  of  a  blood -corpuscle  is  0.00008  milligram. 

f(n')  Color  and  Transparency. — Each  corpuscle  is  ofa  light  straw-yellow 
color;  but  when  seen  fAMiiuj'.*  the  corpuscles  are  red.  Theyare  fairly  transparent; 
thus  the  outline  of  one  corpuscle  can  be  distinctly  seen  through  another  cor- 
puscle Iving  above  It.] 

(if)  The  number  exceeds  5,000,000  per  cubic  millimetre  in  the  male,  and 
4,500,000  in  the  female;  so  that,  in  10  lbs.  of  blood,  there  are  23  billions  of 
corpuscles.  The  number  is  in  inverse  ratio  to  the  amount  of  plasma ;  hence, 
the  number  must  vary  with  the  state  of  contraction  of  the  blood-vessels,  the 
pressure,  diffusion  currents,  and  other  conditions. 

The  number  of  red  corpuscles  is  increased :  in  venous  blood  (especially  in  the  small  cutaneous 
veins),  after  ihe  use  of  solid  food,  after  much  sweating,  and  Ihe  excreliOD  of  mvch  water  by 
(he  bowel  and  kidneys;  during  inanition,  because  the  blood-plasma  undergoes  decompu«tion 
sooner  than  (he  blood- corpuscles  IhemseWes;  in  the  blood  of  the  newlj-bom  child,  especially 


Apparatus  of  Abbe  and  Zeiss  for  counting  the 
corpuscles.  A,  in  section  ;  C,  surface  view 
without  coTcr-glass;  B,  micniscopic  appear- 
ance with  (he  biood-corjiuscks. 

1  being  (ied  (J  40),  fiom  (he  4lh  day  onward  the  number  is 
1  constitution,  sod  in  (hose  who  live  in  the  couniiy.  The 
number  is  diminished,  during  pregnancy,  and  after  copious  draughts  of  water.  In  the  earlier 
period  of  ftelal  life  the  number  is  only  '^-l  million  in  I  cubic  millimetre.  (For  the  pathological 
conditions  see  ^  lo.) 


Covers'  appaiatns.  A,  pipetle  for  measuring  the  diluted  solulion;  B,  caj^llaty  tube  for 
meunring  ihe  blood;  C,  eel)  wiib  dirisions  on  the  floor,  mounted  on  a  slide;  D,  vessel 
in  which  the  dilution  is  made  ;  E,  glass  stirrer;  F,  guarded  s^iear- pointed  needle. 

marked  lo  contain  eiactly  5  cubic  millimetres,  wilh  india-rubber,  tube  for  Riling,  etc.  (3)  A 
small  glass  jar  in  which  the  dilution  is  made.  (4)  A  glas;  siin^ir  for  miiing  ;he  blood  and 
solution  in  the  glass  jar,  (5)  A  brass  stage  plate,  carrying  a  glass  slip,  on  which  is  a  cell,  t  or 
a  millimetre  deep.  The  bottom  of  this  is  divided  into  ^  millimetre  squares.  Upon  the  top  of 
the  cell  rests  the  cover-glass,  which  is  kept  in  its  place  tiy  the  pressure  of  two  spritigs  proceed- 
ing from  the  ends  of  the  stage  plate."  The  diluting  solution  used  is  a  solution  of  sodic  sulphate 
in  diatilled  water,  sp.  gr.  1025,  or  the  following ;  sodic  sulphate,  104  grains;  acetic  acid,  I 
draebm ;  distilled  water,  4  oz. 

"  995  cubic  millimetres  of  the  solution  are  placed  in  the  mining  jar ;  5  cubic  millimetres  of 
blood  are  drawn  into  the  capillary  tube  from  the  puncture  in  the  linger,  and  then  blown  into 
the  solotioD.  The  two  fluids  are  well  mixed  by  rotating  the  stirrer  between  the  thumb  and 
linger,  and  s  small  drop  of  this  dilution  is  placed  in  the  centre  of  ihe  cell,  the  covering-glass 
gently  pat  upon  the  cell,  and  secured  by  the  two  springs,  and  the  plate  placed  upon  the  stage 
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of  the  microscope.  The  tens  is  then  Tocusscd  for  the  ctjuins.  In  a  few  minutes  the  corpuscles 
have  sunk  to  Ihe  bottom  of  the  cell,  and  are  uen  at  tea  on  the  squares.  'I  he  number  in  ten 
squares  is  then  couDled.  and  this,  multiplied  by  10,000,  gives  the  number  in  a  cubic  millimetre 
of  blood." 

To  estimate  the  colorless  corpuscles  only,  mix  the  blood  wiifa  to  parts  of  0.5  per  cent. 
solution  of  acetic  acid,  which  destroys  all  the  red  corpuscles  (  TAcma). 

3.  HISTOLOGY  OF  THE  HUMAN  RED  BLOODCORPUS. 
CLES   AND    THE  EFFECT   OF    REAGENTS.— When  observed 
singly,   human  red   blood -corpuscles    are 
bi-concave  circular  discs  of  a  yellow  color 
with  a  slight  tinge  of  green  ;  they  seem  to 
be  devoid  of  an  envelope,  are  certainly 
i-nucleated,  and  appear   to  be  homo- 
geneous throughout  {fig.  5).     Each  cor- 
ptiscle   consists   (i)    of  a  framework,  an 
exceedingly  pale,  transparent,  soft  proto- 
plasm— the  stroma ;  and  (z)  of  the  pig- 
ment  or  hsemoglobin,  which  impreg- 
:es  the  stroma,   much    as   fluid    passes 
o  and  is  retained  in  the  interstices  of  a 
bath -sponge. 

(A)   Effects  of  reagents  on  their 
Vital  Phenomena. — The  blood-corpus- 
cles present  in  shed  blood — or  even  in 
defibrinated   blood,   when   it   is  reintro- 
Drop  of  human  blood  ahowing  some  of  the   duced   into    the   circulation— retain    their 
red  corpuscles  in  rouleau..  ^       vitality     and      functions      undiminished. 

Heat  acts  powerfully  on  their  vitality,  for  if  blood  be  heated  to  51°  C,  the 
vitality  of  the  red  corpuscles  is  destroyed.  Mammalian  biood  may  be  kept  for 
four  or  five  days  in  a  vessel  under  iced  water,  and  still  retain  its  functions;  but 
if  it  be  kept  longer,  and  reintroduced  into  the  circulation,  the  corpuscles 
rapidly  break  up — a  proof  that  they  have  lost  their  vitality. 
IjjhHt,  .  ^...  The  red  corpuscles  in  freshly  shed  blood  sometimes  exhibit 

SK^jHHk       a  peculiar  mulberry-like  appearance  (figs.  6,  7,  g,  k).     [This 
j||S(fi|KjK       is  called  crenation  of  the  colored  corpuscles.     It  occurs  in 
iPP'*^       cases  of  poisoning  with  Calabar  bean  ;  and  also  by  the  addi- 
j-j^  g  tion  of  a  2  per  cent,  solution  of  common  salt.]     The  blood 

Crenation  of  human  of  many  persons  crenates  spontaneously — a  condition  as- 
red  blood-corpui-  cribed  to  an  active  contraction  of  the  stroma,  but  it  is 
cles.    X300.  doubtful  if  this  is  the  cause.     The  red  corpuscles  of  the 

embryo-chick  undergo  active  contraction. 

(B)  On  their  External  Characters. — (a)  The  color  is  changed  by  many 
gases.  0  makes  blood  scarlet,  want  of  0  renders  it  dark  bluish-red,  CO  makes 
it  cherry-red,  NO  violet-red.  There  is  no  difference  between  the  shape  of  the 
corpuscles  in  arterial  and  venous  blood.  All  reagents  {_e.g.,  a  concentrated 
solution  of  sodic  sulphate),  which  cause  great  shrinking  of  the  colored  cor- 
puscles, produce  a  very  bright  scarlet  or  brick-red  color.  The  red  color  so 
produced  is  quite  different  from  the  scarlet-red  of  arterial  blood.  Reagents 
which  render  blood -corpuscles  globular  darken  the  blood,  e.g.,  water. 

[The  contrast  is  very  striking,  if  we  compare  blood  to  which  a  lO  per  cent,  solution  of  common 
salt  bos  been  added  with  blood  10  which  water  his  been  added.  With  reflected  light  the  one 
is  bright  red,  and  ibe  other  a  very  dark  deep  crimson,  almost  black.] 

{6)  Formation  of  Rouleaux. — A  very  common  phenomenon  in  shed  blood 
is  ihe  tendency  of  the  corpuscles  to  run  into  rouleaux  (figs,  i,  A  3  ;  5). 
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CoDditioDs  thu  inCT«a*e  Ihe  coagulabitity  of  the  blood  favor  .this  phenomenon,  which  ii 
■K'ibed  by  Uogiel  10  (he  ■itraclion  of  ihc  disct  and  the  fonnalion  of  a  Kicky  substance.  [The 
caiue  at  the  foinution  of  rouleaux  is  by  no  means  clear.  The  corpuscles  may  be  detached  from 
each  other  by  gently  touching  the  cover-glass,  but  the  rouleaux  may  re-form.  Lister  su^rgesled 
that  the  suriaces  of  the  corpuscles  were  so  altered  that  they  became  adhesive.  Norris  made  ex- 
periments with  ctxks  weighted  with  lacks  or  pins,  so  as  to  produce  partial  submerson  of  ihe  Cork 
discs.  These  disci  rapidly  cohere,  owing  to  capillajHty,  and  fonn  rouleanx.  If  the  discs  be 
completely  submerged  ihey  remain  apart,  as  occurs  with  unaltered  blood- corpuscles  within  the 
blood-Tcsscis.  II,  howcTcr,  the  corpuscles  be  dipped  in  petroleum,  and  then  placed  in  water, 
rouleaux  are  formed.]  If  reagents  which  cause  the  corpuscles  to  swell  up  be  added  to  the  bluod, 
the  corpuscles  become  globular  and  the  rouleaux  break  up.  Accordii^  to  E-  Weber  and  Sucbard, 
the  uniting  medium  is  not  librin  (although  it  may  sometimes  assume  a  fibrous  form),  but  belongs 
to  Ihe  peripheral  layer  of  the  corpuscles. 

(c)  Changes  of  Form. — The  discharge  of  a  Leyden  jar  causes  the 


F'8-  7. 
Red  blood-corpDscles.    a,  i,  normal  human  red  corpuscles,  the  central  depression  more  or  less 
in  focua;   c,d,t,  mulberry,  and  g.  A,  crenated  forms;  i,  pale  corpuscles  decolorized  by 
water;   /,  stroma:  /,  frog's  blood- corpuscle  acted  oo  by  a  strong  saline  solution. 

corpuscles  to  crenate,  so  that  their  surfaces  are  beset  with  coarse  or  fine  projec* 
tions  (fig.  7,  c,  d,  e,  g,  K);  it  also  causes  the  corpuscles  to  assume  a  spherical 
form  (1,  t),  and  they  become  smaller  than  normal. 

The  corpuscles  so  alteretl  are  sticky,  and  run  to-  ^^    ^y 

gether  like  drops  of  oil,  forming  larger  spheres.  — .°;     ^>''     Oi 

The   prolonged   action   of   the   electrical   spark  ti  °=>  ^yy           q 

causes    the    hiemoglobin    to   separate    from    the  ■.'.*^'^^%     ^  CTT 

stroma  {k),  whereby  the  fluid  part  of  the  blood  is  *  c>/        \    t^ 

reddened,  while  the  stroma  is  recognizable  only  ^t:^  ""fO        C^ 

as  a  faint  shadow  (/).     Similar  forms  are  to  be  t-S^     o° "  (^p,^^'^ 

found  in  decomposing  blood,  as  well  as  after  the  "O  ^^   &/=' 

action  of  many  other  reagents.     Heat. — When  o  ^^ 

blood  is  heated,  on  a  warm  stage,  to  52°  C.  the  ^"^^^    »^ 

corpuscles  exhibit  remarkable  changes.     Some  of  ...     „ 

them    become  spherical,  others   biscuit-shaped:  _„       ^  .      '^' , '             ,      , 

_                    r      -  J       u'l      ■_      ii.   _     _   11'  Effect  of  heal  on  human  colored 

some  are  perforated    while  m  others  small  por-  tlood-corpuscles.    (,Siirling) 

tions  become  detached  and  swim  about  in  the  ^^  400. 
surrounding  fluid,  a  proof  that  heat  destroys  the 

histological  individuality  of  the  corpuscles  (fig.  8).  If  the  heat  be  continued, 
the  corpuscles  are  dissolved  (§  10,  3). 

The  addition  of  a  concenlraled  solution  of  urea  to  blood  acts  like  heal  on  the  blood  Cor- 
puscles.  If  strong  pressure  be  exerted  upon  a  microscopic  preparation,  the  blood -corpuscles 
may  break  in  pieces.  The  latter  process  i<  called  hiemocytotiypsis,  in  contradistinction  to 
that  of  solution  of  the  corpuscles  or  hiemocytolysis. 

If  a  finger  moistened  with  blood  be  rapidly  drawn  across  a  warm  slip  of  glass,  so  that  the 
fluid  dries  rapidly,  the  corpuscles  exhibit  very  remarkable  shapes,  showing  their  great  ductility 
and  <^oltness. 

[Water  renders  Ihe  red  corpuscles  spherical,  although  some  of  them  do  not  become  quite  so. 
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as  there  remains  a  slight  depression  or  umbilicus  on  one  side  of  the  corpuscle.  Gradually  they 
are  decolorized,  and  only  the  stroma*— the  outline  of  which  is  difficult  to  see — remains  in  the 
Beld  of  the  microscope  (fig.  7,  k^  ly.  The  water  passes  into  the  corpuscles  by  osmosis,  and  dis- 
solves out  the  hsemc^lobin.] 

Saline  solutions  in  certain  concentrations  (2-3  per  cent.)  make  them  crenated  (fig.  6). 

[Acetic  acid  renders  them  clear  and  transparent,  and  dissolves  out  the  haemoglobin.  See 
p.  9,  for  other  acids.  Alkalies  in  veiy  dilute  solutions  make  them  spherical,  and  ultimately 
completely  dissolve  them.] 

[Hamburger  has  studied  the  action  of  saline  solutions  of  various  strengths.  The  strength  of 
a  s<  ilution  in  which  the  corpuscles  remain  unaltered  he  calls  the  isotonic  or  neutral  point 
(0.64  per  cent,  for  NaCl,  and  5.59  per  cent,  of  sugar).] 

Cytozoon — Gaule's  Experiment. — A  few  drops  of  freshly-shed  frog's  blood  are  mixed  with 
5  c.  c.  of  0.6  per  cent,  solution  of  common  salt,  and  the  mixture  detibrinated  by  shaking  it  along 
with  a  few  c.  c.  of  mercury.  A  drop  of  the  defibrinated  blood  is  examined  on  a  hot  stage 
(30°-32°  C.)  under  a  microscope,  when  a  protoplasmic  nia^s,  the  so-called  " Wurmchettt^ 
escapes  with  a  lively  movement  from  many  corpuscles,  and  ultimately  dissolves.  Similar 
*<cytozoa"  were  discovered  by  Gaule  in  the  epithelium  of  the  cornea,  of  the  stomach  and 
intestine,  in  connective-tissue,  in  most  of  the  large  glands,  and  in  the  retina  (frog,  triton).  In 
mammals  also  he  found  similar  but  smaller  structures.  Most  probably  these  structures  are 
parasitic  in  their  nature,  as  suggested  by  Ray  Lankester,  who  called  the  parasite  Drepanidium 
ranarum. 

[Staining  Reagents. — Such  reagents  as  magenta,  picro- carmine,  carmine, 
and  many  of  the  aniline  dyes,  stain  the  nucleus  deeply  when  such  is  present,  and 
although  they  must  traverse  the  hsemoglobin  to  reach  the  nucleus,  the  haemoglobin 
itself  is  not  stained.  When  no  nucleus  is  present,  therefore,  the  corpuscles  are  not 
stained.  Magenta  causes  one  or  more  small  spots  or  maculae  to  appear  on  the  edge 
of  the  corpuscles  (fig.  9,  a).  What  its  significance  is  is  entirely  unknown.  Normal 


o 
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Fig.  9. 

ay  by  human  red  blood-corpuscles;  a,  acted  on  by  magenta;  by  by  tannic  acid.  The  others  are 
amphibian  red  blood-corpuscles;  Cy  dy  e,  effect  of  tannic  acid;  fy  of  dilute  acetic  acid;  gy  of 
dilute  alcohol;  dy  of  boracic  acid  (Stirling), 

saline  solution  (0.6  per  cent.  NaCl),  tinged  with  methyl  violet,  is  a  good  staining 
and  preservative  agent.  Red  corpuscles  become  green  when  they  are  treated 
with  indigo-carmine  and  borax,  and  then  with  oxalic  acid.  By  means  of  this 
reaction  Bayerl  discovered  the  formation  of  red  corpuscles  in  ossifying  cartilage 

(P-  13)- 

[Agitation  with  Mercury. — If  ox  blood  be  shaken  up  with  mercury  for  7  or  8  hours,  the 
corpuscles  completely  disappear,  no  trace  of  stroma  or  corpuscles  being  found  in  the  fluid 
{Meltzer  and  Welch).  The  addition  of  pyrogallic  acid  (20  per  cent.),  potassic  chlorate  (6  per 
cent.),  and  silver  nitrate  (3  per  cent.),  completely  prevents  dissolution  of  the  corpuscles,  even 
though  the  shaking  be  kept  up  for  fourteen  days.] 

If  blood  be  mixed  with  concentrated  gum  solution,  and  if  concentrated  salt  solution  be  added  to 
it  under  the  microscope,  the  corpuscles  assume  elongated  forms.  Similar  forms  are  obtained  by 
mixing  blood  with  an  equal  volume  of  gelatine  at  36°  C,  allowing  it  to  cool,  and  then  making 
sections  of  the  coagulated  mass.  The  corpuscles  may  be  broken  up  by  pressing  firmly  on  the 
cover-glass.     In  all  these  experiments  no  trace  of  an  envelope  around  the  corpuscles  is  observed. 

4.  CONSERVATION  OF  THE  CORPUSCLES.— The  blood-corpuscles  retain  their 
form  in  the  following  fluid : — 

PacinVs  Fluid: —  Hayem^s  Fluid: — 

Mercuric  chloride,  2  grams.  Mercuric  chloride,      0.5  grams. 

Sodic  chloride,       4     **  Sodic  sulphate,           5         " 

Glycerine,              26  c.c.  Sodic  chloride,            i        " 

Water,                 226   **  Water,                     200  c.c. 
Before  using  it  dilute  it  with  2  parts  water. 
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I  per  cent  osmic  acid,  0.6  per  cent.  NaCl,  and  other  fluids,  have  also  been  recommended  for 
this  purpose.  In  order  to  investigate  fresh  human  bloo4  without  contact  with  air,  place  a  drop 
of  Hayem*s  or  Pacini's  fluid  on  the  skin  and  prick  the  skin  through  the  drop  of  fluid.  The 
blood  runs  into  and  mixes  with  the  fluid  without  coming  into  contact  with  the  air.  If  a  drop 
of  blood  be  rapidly  dried  in  a  thin  layer  on  a  slide,  the  corpuscles  retain  their  form  and  color ; 
and  if  the  process  be  done  with  suflicient  rapidity,  even  the  blood-platelets  are  retained. 

In  investigating  blood  with  the  microscope  for  forensic  purposes,  it  is  necessary  to  have  a 
solvent  for  the  blood  when  it  occurs  as  stains  on  a  garment  or  instrument.  Dried  stains  are 
dissolved  by  a  concentrated,  or  a  30  per  cent.,  solution  of  caustic  potash,  or  with  one  of  the  pre- 
serving fluids.  If  the  stain  be  softened  with  concentrated  tartaric  acid,  the  colorless  corpuscles 
are  specially  distinct  (Struve.)  Nevertheless,  corpuscles  are  often  noi  found  in  such  stains.  If 
the  corpuscles  have  become  very  pale,  their  color  may  be  improved  by  adding  a  solution  ot 
iodide  of  potassium,  a  saturated  solution  of  picric  acid,  20  per  cent,  pyrogallic  acid,  or  3  per 
cent,  solution  of  silver  nitrate. 

5.  STROMA— LAKE-COLORED  BLOOD.— Many  reagents  cause 
the  hsemoglobin  to  separate  from  the  stroma.  The  haemoglobin  dissolves  in  the 
serum ;  the  blood  becomes  dark  red  and  transparent,  as  it  contains  its  color- 
ing matter  in  solution,  and  hence  it  is  called  **  lake-colored  "  {Rollett), 
The  aggregate  condition  of  the  haemoglobin  is  not  altered  when  the  corpuscles 
are  dissolved — it  only  changes  its  place,  leaving  the  stroma  and  passing  into 
the  serum.     Hence,  the  temperature  of  the  blood  is  not  lowered  thereby. 

Methods. — To  obtain  a  large  quantity  of  the  stroma  for  chemical  purposes  add  10  vols, 
of  a  solution  of  common  salt  (i  vol.  concentrated  solution  and  15  to  20  vols,  of  water)  to  I  vol. 
of  defibrinated  blood,  when  the  stromata  are  thrown  down  as  a  whitish  precipitate. 

For  microscopical  purposes  mix  blood  with  an  equal  volume  of  a  concentrated  solution  ot 
sodic  sulf^iate,  and  cautiously  add  a  I  per  cent,  solution  of  tartaric  acid. 

The  following  reagents  cause  a  separation  of  the  stroma  from  the  haemoglobin,  and  thus  make 
blood  transparent : — 

(a)  Physical  Agents. — I.  Heating  the  blood  to  60°  C.  (Schultze)';  the  temperature,  however^ 
varies  for  the  blood  of  different  animals.     2.  Repeated  freezing 
and  thawing  of  the  blood  [^Rolleti).     3.  Sparks  from  an  electrical 
machine   (but   not    after  the   addition  of  salts  to   the   blood) 
[^RolUU) ;  the  constant  and  induced  currents  {^Neumann). 

(^)  Chemically  active  Substances  produced  within  the  Body. 
— ^4.  Bile  {Hunefeld)  or  bile  salts  {Plattner^  v.  Dmch).  5. 
Serum  of  other  ^cies  of  animals  [Landois) ;  thus  dog's  serum 
and  frog's  serum  dissolve  the  blood-corpuscles  of  the  rabbit  in  a 
few  minutes.  6.  The  addition  of  lake-colored  blood  of  many 
species  of  animals  [Landois). 

(c)  Other  Chemical  Reagents. — 7.  Water.     8.  The  vapor  of 

chloroform  (Bottcher) ;  ether  (v.  Wittick) ;  amyls,  small  quanti-  pjg  ,q 

ties   of  alcohol   {RolleU)\   thymol   ( Marc  Ann  d) ;   nitrobenzol,    t>_j  ui     j  1       r  ..i. 

paraldehyde,  ethnic  ether,  aceton,  petroleum  ether,  etc.  ^f  blood^orpuscles  of  the 
(Z.  Z^w»»).  9.  Antimoniuretted  hydr<^en,  arseniuretted  i^aciea  upon  oy  syrup 
hydrogen;  carbon  bisulphide;  boracic  acid  (2  per  cent.),  added  ^  "^  '^S")' 
to  the  amphibian  blood,  causes  the  red  mass  (which  also  encloses  the  nucleus  when  such  is  pre- 
sent), the  so  called  zooid,  to  separate  from  the  cecoid  (Bg.  9,  d).  The  zooid  may  shrink  from 
the  periphery  of  the  corpuscle,  or  it  may  pass  out  of  the  corpuscle  altogether  {Brucke)\  Briicke 
regaids  the  stroma  in  a  certain  sense  as  a  house,  in  which  the  remainder  of  the  substance  of  the 
corpuscle,  the  chief  part  endowed  with  vital  phenomena,  lives.  11.  Strong  solutions  of  acids 
dissolve  the  corpuscles ;  more  dilute  solutions  cause  precipitates  in  the  haemoglobin.  This  is 
easily  seen  with  carbolic  acid  {Hiils  and  Landois,  Stirling  and  Rannie).  12.  Alkalies  of 
moderate  strength  cause  sudden  solution.  A  10  per  cent,  solution  of  potash  placed  at  the  edge 
of  a  cover-glass,  shows  the  process  of  solution  going  on  under  the  microscope.  At  first  the  cor- 
puscles become  globular,  and  so  appear  smaller,  but  afterwards  they  burst  like  soap-bubbles. 
13.  Such  salt  solutions,  which  in  plants  cause  a  separation  of  the  protoplasm  from  the  cell- mem- 
brane (plasmolysis),  make  ox-blood  lake-colored.  [14.  NH^Cl  injected  into  the  blood  causes 
vacuolation  of  the  red  corpuscles  [Bobriizky).  15.  Sodic  salicylate,  benzoate,  and  colchicin 
dissolve  the  red  corpuscles  (iV.  Pa/on).'] 

[Tannic  Acid. — A  freshly  prepared  solution  of  tannic  acid  has  a  remarkable  effect  on  the 
colored  blood-corpuscles  of  man  and  animals — causing  a  separation  of  the  haemoglobin  from 
the  stroma  (  fV.  Roberts).     The  usual  effect  is  to  produce  one  or  more  granular  buds  of  hsemo- 
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globin  on  the  side  of  the  corpuscles  (fig.  9,  ^  r) ;  more  rarely  the  hsemoglohin  collects  aronnd 

the  nucleus,  if  such  be  present  (fig.  9,  </),  or  is  extruded,  as  shown  in  fig.  9,  ^.] 
[Ammonium  or  Potassium  Sulphocyanide  removes  the  haemoglobin,  and  reveals  a  reticular 

structure — intra-nuclear  plexus  of  fibrils  {^Stirling  and  Rannie)^ 

[Syrup  causes  some  of  the  red  corpuscles  to  become  twisted,  and  to  exhibit  redder  patches  in 
them  (fig.  10).] 

The  Amount  of  Gases  in  the  blood  exercises  an  important  influence  on  their  solubility.  The 
corpuscles  of  venous  blood,  which  contains  much  CO,,  are  more  easily  dissolved  than  those  of 
arterial  blood ;  while  between  both  stands  blood  containing  CO.  When  the  gases  are  com- 
pletely removed  from  the  blood,  it  becomes  lake- colored. 

Salts  increase  the  resistance  of  the  corpuscles  to  physical  means  of  solution, 
while  they  facilitate  the  action  of  chemical  solvents. 

If  certain  salts  be  added  in  substance  to  blood,  they  make  blood  lake  colored ;  potassic 
sulphocyanide,  sodic  chloride,  etc.  (Kowalnvsky). 

Resistance  to  Solvents. — The  red  blood-corpuscles  offer  a  certain  degree 
of  resistance  to  the  action  of  solvents. 

Method. — Mix  a  small  drop  of  blood  with  an  equal  volume  of  a  3  per  cent,  solution  of  sodic 
chloride,  and  then  add  distilled  water  until  all  the  colored  corpuscles  are,  dissolved.  Fill  the 
mixer  (fig.  3)  up  to  the  mark  I  with  blood  obtained  by  pricking  the  finger,  and  blow  this  blood 
into  an  equal  volume  of  a  3  per  cent,  solution  of  NaCl  previously  placed  in  a  hollow  in  a  glass 
slide.  Mix  the  fluids,  and  the  corpuscles  will  remain  undissolved.  By  means  of  the  pipette 
add  distilled  water,  and  go  on  doing  so  until  all  the  corpuscles  are  dissolved ;  which  is  ascertained 
with  the  microscope.  In  normal  blood,  solution  of  the  corpuscles  occurs  after  30  volumes  of 
distilled  water  have  been  added  to  the  blood  {Landois), 

There  are  some  individuals  whose  blood  is  more  soluble  than  that  of  others ;  their  corpuscles 
are  soft,  and  readily  undergo  changes.  Many  conditions,  such  as  cholsemia,  p>oisoning  with 
substances  which  dissolve  the  corpuscles,  and  a  markedly  venous  condition  of  the  blood,  affect 
the  corpuscles.  Interesting  observations  may  be  made  on  the  blood  in  infectious  diseases, 
haemoglobinuria,  and  in  cases  of  burning.  In  anaemia  and  fever,  the  capacity  for  resistance 
seems  to  be  diminished. 

6.   FORM  AND  SIZE  OF  THE  BLOOD-CORPUSCLES  OF 

ANIMALS. — All  mammals  (with  the  excep- 
^^  tion  of  the  camel,  llama,  alpaca,  and  their  allies), 

and  the  cyclostomata  amongst  fishes,  e,  g.,  Pet- 
romyzon,  possess  circular  bi -concave  non-nuclea- 
ted disc-shaped  colored  corpuscles.  Elliptical 
corpuscles  without  a  nucleus  are  found  in  the 
above-named  mammals,  while  all  birds,  reptiles, 
amphibians  (fig.  i,  B,  i,  2),  and  fishes  (except 
cyclostomata)  have  nucleated  elliptical  bi-convex 
corpuscles  (fig.  11).  [The  corpuscles  have  a 
yellow  color,*  and  are  transparent.  The  area 
g  ^.  occupied   by  the  nucleus    is   less  colored  than 

the  homogeneous  perinuclear  part], 

^*  Amongst  vertebrates  amphioxus  has  colorless  blood. 

Blood  of  frog  tf,  red-blood  corpuscle  jhe  large  blood -corpuscles  of  many  amphibia,  e,  g.,  am- 
seen  on  the  flat,  b  in  profile,  c  phiuma,  are  visible  to  the  naked  eye.  The  blood-cor- 
three-quarter  face;  some  of  the  puscles  of  the  frog  (fig.  ii)  contain,  in  addition  to  a 
red  corpuscles  show  vacuoles  {y) ;  nucleus,  a  nucleolus  {Auerbach,  RanvUr\  [and  the  same 
«,  colorless"  corpuscle  at  rest;  is  true  of  the  colored  corpuscles  of  the  newt  (SHriing), 
w,  one  with  amoeboid  processes.       jhe   nucleolus  is   revealed   by  acting   on  the   corpuscles 

with  dilute  alcohol  (i,  alcohol;  2,  water;  Ranvier's 
**  alcool  au  tiers  '*  fig.  9,  g).']  It  is  evident  that  the  larger  the  blood-corpuscles  are  the  smaller 
must  be  the  number  and  total  superficies  of  the  corpuscles  in  a  given  volume  of  blood.  In 
birds,  however,  the  number  is  relatively  larger  than  in  other  classes  of  vertebrates,  notwith- 
standing the  larger  size  of  their  corpuscles;  this,  doubtless,  has  a  relation  to  the  very  energetic 
metabolism  that  takes  place  in  birds  [Mn/assez).  Amongst  mammals,  camivora  have  more 
blood -corpuscles  than  herbivora.     Goat's  blood  contains  9.720,000  corpuscles  per  cubic  milli- 
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metre;  llama%  13,000,000;  bullfinch's,  3,600,000;  lizard's,  1,420,000;  frog's,  404,000 ;  and 
that  of  proteos,  36,000  ( IVelcker)  In  hibernating  animals  the  number  diminishes  from 
7poo,ooo  to  2,000,000  per  cubic  millimetre.  No  relation  exists  between  the  size  of  the  animal 
and  that  of  its  blood-corpuscles. 

The  invertebrata  generally  have  colorless  blood,  with  colorless  corpuscles ;  but  the  earth- 
worm and  the  larvae  of  the  large  gnats,  etc.,  have  red  blood  whose  plasma  contains  hsemc^lobin, 
while  the  blood-corpuscles  themselves  are  colorless.  Many  invertebrates  possess  red,  violet, 
brown,  or  green  opalescent  blood  with  colorless  corpuscles  (amoeboid  cells).  In  cephalopods, 
and  some  crabs  the  blood  is  blue,  owing  to  the  presence  of  a  coloring  matter  (haeroocyanin), 
which  contains  copper,  and  combines  with  O. 


Size  (/i  -»  0.001  Millimetre) 


Of  the  Disc-shaped 
Corpuscles. 


Elephant,    ....  94  // 

Man, 7.7  " 

Dog. 7  3" 

Rabbit, 6.9  •* 

Cat, 6.5  " 

Sheep, 5.0" 

Goat, 4.1  ** 

Mosk-deer,  .    .    .    .  2.5 " 


Of  the  Elliptical  Corpuscles. 


Short  Diameter. 


Long  Diameter. 


Llama, 4.0  // 

Dove, 6.5** 

Frog, 15.7** 

Triton 19.5  " 

Proteus, 35-0" 


8.0  fi 
14.7  " 
22.3  *• 
29.3  « 
58.0  •' 


The  corpuscles  of  Amphiuma  are  nearly  one-third  larger 
than  those  of  Proteus  {Riddel), 


7.  ORIGIN  OF  THE  RED  BLOOD-CORPUSCLES.— (A)  Dur- 
ing Embryonic  Life. — Blood-corpuscles  are  developed  in  the  fowl  during 
the  first  days  of  embryonic  life.  [They  appear  in  groups  within  the  large 
branched  cells  of  the  mesoblast,  in  the  vascular  area  of  the  blastoderm  outside 
the  developing  body  of  the  chick,  where  they  form  the  **  blood-islands  "  of 
Pander.  The  mother-cells  form  an  irregular  network  by  the  union  of  the  pro- 
cesses of  adjoining  cells,  and  meantime  the  central  masses  split  up,  and  the 
nuclei  multiply.  The  small  nucleated  masses  of  protoplasm,  which  represent 
the  blood-corpuscles,  acquire  a  reddish  hue,  while  the  surrounding  protoplasm, 
and  also  that  of  the  processes,  becomes  vacuolated  or  hollowed  out,  constituting 
a  branching  system  of  canals;  the  outer  part  of  the  cells  remaining  with  their 
nuclei  to  form  the  walls  of  the  future  blood-vessels.  A  fluid  appears  within 
this  system  of  branched  canals  in  which  the  corpuscles  lie,  and  gradually  a 
communication  is  established  with  the  blood-vessels  developed  in  connection 
with  the  heart.  According  to  Klein,  the  nuclei  of  the  protoplasmic  wall  also 
proliferate,  and  give  rise  to  new  cells,  which  are  washed  away  to  form  blood- 
corputeles.]  At  first  the  corpuscles  exhibit  amoeboid  movements,  are  devoid 
of  pigment,  nucleated,  globular,  larger  and  more  irregular  than  the  permanent 
corpuscles.  They  become  colored,  retain  their  nucleus,  and  are  capable  of 
undergoing  multiplication  by  division ;  Remak  observed  all  the  stages  of  the 
process  of  division^  which  is  best  seen  from  the  3d  to  the  5th  day  of  incubation. 
Increase  by  division  also  takes  place  in  the  larvae  of  the  salamander,  triton,  and 
toad  {Flemming) ;  and  during  the  intra-uterine  life  of  a  mammal,  in  the  spleen, 
bone-marrow,  the  liver,  and  the  circulating  blood  (^Bizzozero). 

Neumann  found  in  the  liver  of  the  embryo  protoplasmic  cells  containing  red 
blood -corpuscles.  Cells,  some  with,  others  without,  haemoglobin,  but  with  large 
nuclei,  have  been  found.  These  cells  increase  by  division,  their  nucleus  shrivels, 
and  they  ultimately  form  blood-corpuscles  {Lowit).  The  spleen  is  also  regarded 
as  a  centre  of  their  formation,  but  this  seems  to  be  the  case  only  during  embry- 
onic life  {Neumann),  Here  the  red  corpuscles  are  said  to  arise  from  yellow, 
round,  nucleated  cells,  which  represent  transition  forms.     Foa  and  Salvioli 
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found  red  corpuscles  forming  endogenously  within  large  protoplasmic  cells  in 
lymphatic  glands.  In  the  later  period  of  embryonic  life  the  characteristic 
non-nucleated  corpuscles  seem  to  be  developed  from  the  nucleated  corpuscles. 
The  nucleus  becomes  smaller  and  smaller,  breaks  up,  and  gradually  disappears. 
In  the  human  embryo  at  the  fourth  week  only  nucleated  corpuscles  are  found  ; 
at  the  third  month  their  number  is  still  }(-j4  of  the  total  corpuscles,  while  at 
the  end  of  foetal  life  nucleated  blood-corpuscles  are  very  rarely  found.  Of 
course,  in  animals  with  nucleated  blood -corpuscles  the  nucleus  of  the  embryonic 
blood-corpuscles  remains. 

(B)  During  Post-Embryonic  Life. — Kolliker  assumed  that  in  the  tail  of 
the  tadpole  capillaries  are  formed  by  the  anastomoses  of  the  processes  of 
branched  and  radiating  connective-tissue  corpuscles.  These  corpuscles  lose 
their  nuclei  and  protoplasm,  become  hollowed  out,  join  with  neighboring  capil- 
laries, arid  thus  form  new  blood-channels.  J.  Arnold  and  Golubew  oppose  this 
view,  asserting  that  the  blood- capillaries  in  the  tail  of  the  tadpole  give  off  solid 
buds  at  different  places,  which  grow  more  and  more  into  the  surrounding  tissues, 
and  anastomose  with  each  other  ;  after  their  protoplasm  and  contents  disappear, 
they  become  hollow,  and  a  branched  system  of  capillaries  is  formed  in  the 
tissues.  Ranvier  noticed  the  same  mode  of  growth  in  the  omentum  of  newly- 
born  kittens. 

Young  rabbits,  a  week  old,  have  in  their  omentum  small  white  or  milk  spots 
{^Ranvier),  in  which  lie  **  vaso-formative  cells,*'  /.  <f.,  highly  refractive  cells 
of  variable  shape,  with  long  cylindrical  protoplasmic  processes  (fig.  12).    In  its 

refractive  power  the  protoplasm 
of  these  cells  resemble  that  of 
lymph-corpuscles.  Long  rod- 
like  nuclei  lie  within  these  cells 
(K,  K),  and  also  red  blood' 
corpuscles  (r,  r),  and  both  are 
surrounded  with  protoplasm. 
These  vaso- formative  cells  give 
off  protoplasmic  processes  (^ ,a), 
some  of  which  end  free,  while 
others  form  a  net- work.  Here 
and  there  elongated  connective- 
tissue  corpuscles  lie  on  the 
branches,  and  ultimately  form 

Formation  of  red  blood-corpuscles  within  « vaso- forma-  ^^^    adventitia    of   the    blood- 

tive  cells,"  from  the  omentum  of  a  rabbit  seven  days  vessel,  ^he  vaso-formative  cells 

old.    r,  r,  the  formed  corpuscles;  K,  K,  nuclei  of  the  have  many  forms :  they  may  be 

vasoformative  cell;  a,  «,  processes  which  ultimately  elongated   cylinders  ending   in 

unite  to  form  capillaries.  p^ij^^S^  ^j.  ^^^^  ^^^^^  ^^^  q^^j^ 

resembling  lymph  cells,  or  modified  connective-tissue  corpuscles.  These  cells 
are  always  the  seat  of  origin  of  non- nucleated  red  blood- corpuscles,  which  arise 
in  the  protoplasm  of  vaso-formative  cells,  as  chlorophyll  grains  or  starch  gran- 
ules arise  within  the  cells  of  plants.  The  corpuscles  escape  and  are  washed 
into  the  circulation,  when  the  cells,  by  means  of  their  processes,  form  connec- 
tions with  the  circulatory  system.  Probably  the  vessels  so  formed  in  the  omen- 
tum are  only  temporary.  May  it  not  be  that  there  are  many  other  situations 
in  the  body  where  blood  is  regenerated  ? 

[The  observations  of  Schafer  also  prove  the  intra-cellular  origin  of  red 
blood-corpuscles,  and  although  this  mode  usually  ceases  before  birth,  still  it  is 
found  in  the  rat  at  birth.  The  protoplasm  of  the  subcutaneous  connective - 
tissue  corpuscles,  which  are  derived  from  the  mesoblast,  has  in  it  small  col- 
ored globules  about  the  size  of  a  colored  corpuscle.     The  mother-cells  elongate, 


Fig.  12. 


Sec.  7.]  ORIGIN  OF   BLOOD-CORPUSCLES.  1 3 

become  pointed  at  their  ends,  and  unite  with  proces>ses  from  adjoining  cells. 
The  cells  become  vacuolated ;  fluid  or  plasma,  in  which  the  liberated  corpuscles 
float,  appears  in  their  interior,  and  ultimately  a  communication  is  established 
with  the  general  circulation.] 

Neumann  observed  similar  formations  in  the  embryonic  liver;  Wissotzky  in  the  rabbit's 
amnion ;  Klein  in  the  embryo  chick ;  and  Bayerl  in  ossifying  cartilage  (p.  8).  All  these  obser- 
vaiions  go  to  show  that  at  a  certain  early  period  of  development  blood-corpuscles  are  formed 
within  other  large  cells  of  the  mesoblast,  and  that  part  of  the  protoplasm  of  these  blood-forming 
cells  remains  to  form  the  wall  of  the  future  blood-vessel. 

(C)  Later  Formation. — Most  observers  agree  that  the  red  blood-corpuscles 
are  formed  from  special  nucleated  cells,  which  gradually  assume  the  form  and 
color  of  the  perfect  red  corpuscle.  According  to  Neumann,  however,  these  cor- 
puscles are  pigmented  from  the  first.  In  the  tailed  amphibians  and  fishes,  the 
spleen,  in  all  other  vertebrates  the  red  marrow  of  bone,  are  the  seats  of 
formation  of  these  corpuscles,  which  subsequeatly  increase  by  division  {Neu- 
mann^ Rindfieischj  Bizzozerd).  In  the  red  marrow  of  bone  we  can  study  all  the 
stages  of  the  transformation ;  especially  pale  contractile  cells  similar  to  colorless 
corpuscles,  and  also  red  nucleated  corpuscles,  which  are  similar  to  the  nucleated 
corpuscles  of  the  embryo,  and  the  progenitors  of  the  red  corpuscles.  These 
transition  cells  are  said  by  Erb  to  be  more  numerous  after  severe  hemorrhage, 
the  number  of  them  occurring  in  the  blood  corresponding  with  the  energy  of 
the  formative  process.  After  copious  hemorrhage  these  transition  forms  appear 
in  numbers  in  the  blood-stream.  The  small  veins,  and  perhaps  the  capillaries 
of  the  red  marrow  of  bone  and  the  spleen  have  no  proper  walls,  so  that  the  red 
corpuscles  when  formed  can  pass  into  the  circulation. 

Red  or  blood-forming  marrow  occurs  in  the  bones  of  the  skull,  and  in  most  of  the  bones  of 
the  trunk,  while  the  bones  of  the  extremities  either  contain  yellow  marrow  (which  is  essentially 
fatty  in  its  nature),  or,  at  most,  it  is  only  the  heads  of  the  long  bones  that  contain  red  marrow. 
Where  the  blood-regeneration  process  is  very  active,  however,  the  yellow  marrow  may  be 
changed  into  red,  even  throughout  all  the  bones  of  the  extremities  {Neumann). 

[The  most  recent  observers  (Lowit,  Bizzozeroy  and  Denys),  regard  the  red  and 
white  blood-corpuscles  as  being  developed  independently  of  each  other.  Lowit 
calls  the  early  stages  of  the  former  erythroblasts  and  of  the  latter  leucoblasts. 
In  the  red  marrow  of  the  bones  of  birds,  the  red  corpuscles  are  developed  within 
the  blood-vessels  of  the  marrow,  and  the  colorless  ones  in  the  tissue  which  lies  in 
the  vascular  meshes.  The  erythroblasts  are  originally  colorless,  and  between 
them  and  the  complete  red  corpuscle  there  is  a  complete  series  of  gradations.  The 
erythroblasts  have  a  large,  spherical,  central  nucleus  with  a  pronounced  nuclein 
network  and  homogeneous  or  slightly  granular  protoplasm.  The  leucoblasts,  on 
the  contrary,  contain  a  small  nucleus  of  variable  form,  with  numerous  nucleoli,  and 
often  placed  peripherally.  The  protoplasm  contains  many  eosinophile  granules. 
Both  exhibit  amoeboid  movement,  but  this  is  more  active  in  the  leucoblasts.  Both 
divide  by  mitosis.  Some  of  the  erythroblasts  pass  out  directly  in  the  blood-stream, 
while  the  leucocytes  in  virtue  of  their  amoeboid  movements  pass  by  diapedesis 
into  the  vessels.  Repeated  hemorrhages  lead  to  rapid  mitotic  division  of  both 
forms.] 

[In  extra-uterine  life,  in  mammals,  the  red  marrow  of  bone  is  undoubt- 
edly the  chief  seat  of  the  formation  of  red  blood -corpuscles.  In  it  are  to  be 
found  a  large  number  of  nucleated  red  blood-corpuscles,  /.  <f.,  embryonic  forms, 
which  ultimately  lose  their  nuclei,  pass  into  the  circulation  as  perfect  red 
corpuscles.  After  copious  hemorrhage,  when  the  animal  forms  a  larger  number 
of  corpuscles  than  usual,  as  if  it  were  striving  to  make  up  the  deficiency,  the 
number  of  nucleated  red  corpuscles  in  the  red  blood-forming  marrow  is  greatly 
increased,  and  even  parts  of  what  was  previously  yellow  marrow  appear  somewhat 
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reddish.  The  blood-forming  function  of  the  red  marrow  is  greatly  increased 
after  hemorrhage  {Neumann  and  Bizzozerd),  Often,  however,  there  is  an 
additional  factor,  as  shown  by  Bizzozero  and  Salvioli  in  the  case  of  guinea-pigs 
and  dogs.  In  these  animals  after  severe  anaemia,  due  to  repeated  hemorrhages, 
the  spleen  also  participates  in  the  formation  of  red  corpuscles,  for  in  it  are  found 
nucleated  red  corpuscles  similar  to  those  of  the  red  marrow.] 

[In  birds  also  red  blood-corpuscles  are  formed  in  the  red  marrow,  but  so  far 
as  the  spleen  has  been  investigated,  Bizzozero  has  not  found  any  reason  to  be- 
lieve that  this  organ  is  concerned  in  the  formation  of  red  blood-corpuscles  in 
these  animals.] 

[According  to  Bizzozero,  there  is  no  evidence  to  show  that  the  white  corpus- 
cles are  precursors  of  the  red ;  the  red  corpuscles  are  derived  from  sjjecial 
corpuscles  (erythroblasts),  and  so  are  the  white  (leucoblasts).     The  red  ones  seem 

to  be  formed  within  the  blood-vessels 
of  the  red  marrow,  and  the  colorless 
ones  in  the  extra-vascular  parts  of  the 
marrow.  The  red  corpuscles  are  formed 
by  the  mitotic  division  of  pre-existing 
cells,  which  are  quite  different  from 
the  colorless  corpuscles ;  their  proto- 
Fig.  13.  plasm  is  never  granular,  but  almost  al- 

A,  Red  blood-corpuscle  of  a  chick  undergoing  ways  homogeneous,  never  colorless, 
mitouj:  division  at  5th-6ih  day  of  incubaUon.  ^ut  slightly  tinged  by  hemoglobin; 
B,red  blood- corpuscle  of  frog  dividing;  Y  .  never  Pvhi hit  thp  livelv  amrphnid 
shows  a  thin  colorless  thread  of  protoplasm  ^"^^  "^^^^  exhibit  the  lively  amceDOUl 
still  connecting  the  two  daughter  corpuscles,     movements  of  the  white  corpuscles.  If 

the  red  marrow  of  any  of  the  classes 
of  the  vertebrata  be  examined,  especially  after  repeated  hemorrhages — there  will 
always  be  found  numerous  erythroblasts  undergoing  mitosis  (fig.  13).] 

[In  all  classes  of  the  Vertebrata,  then,  the  red  marrow  is  the  great  seat  of  the 
formation  of  red  corpuscles  during  adult  life.  But  how  is  it  during  the  develop- 
ment of  the  young  animals  ?  It  is  not  necessary  to  assume  that  the  red  are  derived 
from  the  colorless  corpuscles.  If  we  study  the  fate  of  the  red  corpuscles  we  find 
that  their  presence  is  not  due  absolutely  to  any  one  organ.  In  the  first  phases  of 
embryonic  life,  the  red  corpuscles  develop  and  divide  within  the  whole  vascular 
system.  At  a  later  period  this  ceases  and  they  are  developed  in  the  liver  and 
spleen;  at  a  later  period  still — in  extra-uterine  life — and  when  the  bone  marrow 
is  greatly  developed,  the  blood-forming  activity  of  the  liver  and  spleen  is  gradually 
diminished  and  ceases.  But  the  loss  is  not  absolute  in  the  case  of  the  last  organ, 
as  it  can  again  be  caused  to  produce  red  corpuscles  after  copious  hemorrhage. 
The  blood-plates  are  in  no  way  concerned  in  the  formation  of  red  corpuscles, 
they  have  to  do  with  the  coagulation  and  other  vital  phenomena  of  the  blood.] 
[The  balance  of  evidence  points  to  the  formation  of  red  blood-corpuscles  in 
extra-uterine  life — both  in  animals  with  nucleated  and  in  those  with  non- 
nucleated  corpuscles — by  the  same  process  as  in  embryonic  life  (/.  ^.,  by  indi- 
rect division  or  mitosis  of  a  typical  cellular  element,  which  during  extra- 
uterine life  is  chiefly  found  in  the  marrow  of  bone  {Bizzozero).'] 

8.  DECAY  OF  THE  RED  BLOOD-CORPUSCLES.— The  blood- 
corpuscles  undergo  decay  within  a  limited  time,  and  the  liver  is  regarded  as 
one  of  the  chief  organs  in  which  their  disintegration  occurs,  because  bile-pig- 
ments are  formed  from  haemoglobin,  and  the  blood  of  the  hepatic  vein  con- 
tains fewer  red  corpuscles  than  the  portal  vein. 

The  splenic  pulp  contains  cells  which  indicate  that  colored  corpuscles  are 
broken  up  within  it.  These  are  the  so-called  ** blood-corpuscle  containing  cells  *' 
(§  103)-     Quincke's  observations  go  to  show  that  the  red  corpuscles — which 
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may  live  from  three  to  four  weeks — when  about  to  disintegrate,  are  taken  up  by 
the  white  blood-corpuscles  in  the  hepatic  capillaries,  by  the  cells  of  the  spleen 
and  the  bone-marrow,  and  are  stored  up  chiefly  in  the  capillaries  of  the  liver, 
in  the  spleen,  and  in  the  marrow  of  bone.  They  are  transformed  partly 
into  colored,  and  partly  into  colorless  proteids  which  contain  iron,  and  are 
either  deposited  in  a  granular  form,  or  are  dissolved.  Part  of  the  products  of 
decomposition  is  used  for  the  formation  of  new  blood-corpuscles  in  the  marrow 
and  in  the  spleen,  and  also  perhaps  in  the  liver,  while  a  portion  of  the  iron  is 
excreted  by  the  liver  in  the  bile. 

That  ths  normal  red  blood-corpuscles  and  other  particles  suspended  in  the  blood-stream  are 
not  taken  up  in  this  way,  may  be  due  to  their  being  smooth  and  polished.  As  the  corpuscles 
grow  older  and  become  more  rigid,  they,  as  it  were,  are  caught  by  the  amoeboid  cells.  As  cells 
containing  blood-corpuscles  are  very  rarely  found  in  the  general  circulation,  one  may  assume 
that  the  occurrence  of  these  cells  within  the  spleen,  liver  and  marrow  of  bone  is  fiEivored  by  the 
slowness  of  the  circulation  in  these  organs  (Quincke). 

Pathological. — In  certain  pathological  conditions,  ferruginous  substances  derived  from  the 
red  blood-corpuscles  are  found  in  masses  in  the  spleen,  the  marrow  of  bone,  and  the  capillaries 
of  the  lirer :  ( I )  When  the  disintegration  of  blood-corpuscles  is  increased,  as  in  anaemia 
[Siakel).  (2)  When  the  formation  of  red  blood -corpuscles  from  the  old  material  is  diminished. 
If  the  excretion  from  the  liver  cells  be  prevented,  iron  accumulates  within  them ;  it  is  also  more 
abundant  in  the  blood -scrum,  and  it  may  even  accumulate  in  the  secretory  cells  of  the  cortex 
of  the  kidney  and  pancreas,  in  gland  cells,  and  in  the  tissue  elements  of  other  organs.  When 
the  amount  of  blood  in  dogs  is  greatly  increased,  after  four  weeks  an  enormous  number  of 
granules  containing  iron  occur  in  the  leucocytes  of  the  liver  capillaries,  the  cells  of  the  spleen, 
bone-marrow,  lymph-glands,  liver  cells,  and  the  epithelium  of  the  cortex  of  the  kidney.  The 
iron  reaction  in  the  last  two  situations  occurs  after  the  introduction  of  haemoglobin,  or  of  salts 
of  iron  into  the  h\ood{Glaei'ecky  v.  Siark).  In  thrombi  and  in  extravasations  of  blood  into  the 
neighborhood  of  living  tissues,  there  is  formed  besides  haematoidin,  the  body  hematosiderin. 

When  we  reflect  how  rapidly  p 

large  quantities  of  blood  are  re- 
placed after  hemorrhage  and  after 
menstruation,  it  is  evident  that 
there  must  be  a  brisk  manufactory 
somewhere.  As  to  the  number  of 
corpuscles  which  daily  decay,  we 
have  in  some  measure  an  index  in 
the  amount  of  bile-pigment  and 
urine-pigment  resulting  from  the 
transformation  of  the  liberated 
haemoglobin  (§  20). 

9.  II.  COLORLESS  COR- 
PUSCLES,  BLOOD- 
PLATES,  AND  GRAN- 
ULES.—White  Blood-Cor- 
puscles. —  Blood,  like  many 
other  tissues,  contains  a  number 
of  cells  or  corpuscles  which  reach 
it  from  without ;  the  corpuscles 
vary  somewhat  in  form,  and  are 
called  colorless  or  white 
blood-corpuscles  or 
cocytcs 


A 


[©©] 


^ 


i  • 


Fig.  14. 

(i  1^^.  A,  human  white  blood-corpuscles,  without  any  reagent ; 

'Tn^tutn      I'ri   ^  B,  after  the  action  of  water;    C,  after  acetic  acid; 

K.^^^^^^9     ^7 JO)-  D,  frog's  corpuscles,  changes  of  shape  due  to  amoe- 

Similar  corpuscles  are  found   m  boid  movement ;  E,  fibriU  of  fibrin  from  coagulated 

lymph,   adenoid    tissue,   marrow  blood;  F,  elementary  granules. 

of  bone,  and  as  wandering  cells 

or  leucocytes  in  connective- tissue,  and  also  between  glandular  and  epithelial 
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cells  [so  that  their  ubiquity  is  a  marked  feature,  thus  differing  from  the  colored 
corpuscles  which  normally  remain  within  the  blood-vessels].  So  that  these 
corpuscles  are  by  no  means  peculiar  to  blood  alone.  They  all  consist  of  more  or 
less  spherical  masses  of  protoplasm,  which  is  sticky,  highly  refractile,  soft, 
capable  of  movement,  and  devoid  of  an  envelope  (fig.  14).  When  they  are 
quite  fresh  (A)  it  is  difficult  to  detect  the  nucleus,  but  after  they  have  been 
shed  for  some  time,  or  after  the  addition  of  water  (B)  or  acetic  acid,  the  nu- 
cleus (which  is  usually  a  compound  one)  appears ;  acetic  acid  clears  up  the 
perinuclear  protoplasm,  and  reveals  the  presence  of  the  nuclei,  of  which  the 
number  varies  from  one  to  four,  although  generally  three  are  found.  The  sub- 
sequent addition  of  magenta  solution  causes  the  nuclei  to  stain  deeply.  Water 
makes  the  contents  more  turbid,  and  causes  the  corpuscles  to  swell  up.  One  or 
more  nucleoli  may  be  present  in  the  nucleus.  The  size  of  the  corpuscles  varies 
from  4-13  A*,  and  as  a  rule  they  are  about  xBTTTr  of  an  inch  in  diameter ;  in  the 
smallest  forms  the  layer  of  the  protoplasm  is  extremely  thin.  They  all  exhibit 
amccboid  movements,  which  are  very  apparent  in  the  larger  corpuscles,  and 
were  discovered  by  Wharton  Jones  in  the  skate  (1846),  and  by  Davine  in  the 
corpuscles  of  man  (1850).  Max  Schultze  describes  three  different  forms  in 
human  blood : — 

(i)  The  smallest,  spherical  forms,  less  than  the  red  corpuscles,  with  one  or 
two  nuclei,  and  a  very  small  amount  of  protoplasm. 

(2)  Spherical  forms,  the  same  size  as  the  colored  blood-corpuscles. 

(3)  The  large  amoeboid  corpuscles,  with  much  protoplasm  and  distinctly 
evident  movements. 

[On  examining  human  blood  microscopically,  more  especially  after  the  colored  blood-cor- 
puscles have  run  into  rouleaux,  the  colorless  corpuscles  may  readily  be  detected,  there  being 
usually  three  or  four  of  them  visible  in  the  field  at  once  (Bg.  5).  They  adhere  to  the  glass  slide, 
for  if  the  cover-glass  be  moved,  the  colored  corpuscles  readily  glide  over  each  other,  while  the 
colorless  can  be  seen  still  adhering  to  the  slidej 

[White  Corpuscles  of  Newt's  Blood. — The  characters  of  the  colorless  corpuscles  are  best 
studied  in  a  drop  of  newt's  blood,  which  contains  the  following  varieties : — 

(i)  The  large  finely  granular  corpuscle,  which  is  al^ut  y^  of  an  inch  in  diameter, 
irregular  in  outline,  with  fine  processes  or  pseudopodia  projecting  from  its  surface.  It  rapidly 
changes  its  shape  at  the  ordinary  temperature,  and  in  its  interior  a  bi-  or  tri-partite  nucleus  may  be 
seen,  surrounded  with  fine  granular  protoplasm,  whose  outline  is  continually  changing.  Some- 
times vacuoles  are  seen  in  the  protoplasm. 

(2)  The  coarsely  granular  variety  is  less  common  than  the  first-mentioned,  but  when  de- 
tected its  characters  are  distinct.  The  protoplasm  contains,  besides  a  nucleus,  a  large  number 
of  highly  refractive  granules,  and  the  corpuscle  usually  exhibits  active  amoeboid  movements ; 
suddenly  the  granules  may  be  seen  to  rush  from  one  side  of  the  corpuscle  to  the  other.  The 
processes  are  usually  more  blunt  than  tho^e  emitted  by  (i).  The  relation  between  these  two 
kinds  of  corpuscles  has  not  been  ascertained. 

(3)  The  small  colorless  corpuscles  are  more  like  the  ordinary  human  colorless  corpuscle, 
and  they  too  exhibit  amoeboid  movements.] 

Two  kinds  of  colorless  corpuscles  like  (i)  and  (2)  exist  in  frog's  blood.  In  the  coarsely- 
granular  corpuscles  the  glancing  granules  may  oe  of  a  fatty  nature,  since  they  dissolve  in 
alcohol  and  ether,  but  other  granules  exist  which  are  insoluble  in  these  fluids.  The  nature  of 
the  latter  is  unknown.     Very  large  colorless  corpuscles  exist  in  the  axolotl's  blood. 

fin  the  blood  of  birds  there  are  four  varieties  of  colorless  corpuscles: — 
I)  Leucocytes  of  7-8  fi  in  diameter,  very  numerous,  which  exhibit  lively  movements,  and 
send  out  processes ;  the  protoplasm  is  tolerably  dark,  but  this  is  not  due  to  granules  as  in  the 
case  of  the  leucoc3rtes  of  mammals,  but  to  the  presence  of  glancing  crystals,  which  are  usually 
pointed  at  their  ends,  and  arranged  radially  from  the  centre  to  the  periphery  of  the  corpuscles. 
They  are  not  fatty  in  their  nature. 

(2)  Leucocytes  about  the  size  of  (i),  but  with  spherical  fine  granules.  They  are  nucleated, 
contractile,  but  the  latter  to  a  less  degree  than  (i). 

(3)  Small  (5-6  fi  in  diameter)  finally  granular  leucocytes,  which  are  contractile,  but  do  not 
send  out  processes. 

(4)  Colorless  cells,  having  an  oval  nucleolated  refractive  nucleus,  and  the  protoplasm  of  the 
cell  vacuolated.     They  do  not  exhibit  contractile  movements.     The  last  variety  was  regarded  by 
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«  red  corpuiclea,  but  there  is  no  evidence  confinn«toi7  of 

[Action  of  Reagents  on  the  Colorless  Corpuscles. — (a)  Water,  when 
added  slowly,  causes  the  colorless  corpuscles  to  become  globular,  and  the  gran- 
ules within  them  10  exhibit  Brownian  movements  (fig,  14B).  (^)  Pigments, 
such  as  magenta  or  carmine,  stain  the  nuclei  very  deeply,  and  the  protoplasm 
to  a  less  extent,  (f)  Dilute  Acetic  Acid  clears  up  the  surrounding  proto- 
plasm and  brings  clearly  into  view  the  composite  nucleus,  which  may  be  stained 
thereafter  with  magenta.  ((/)  Iodine  gives  a  faint  port-wine  color,  especially 
in  horse's  blood,  indicating  the  presence  of  glycogen.  (^)  Dilute  Alcohol 
causes  the  formation  of  clear  blebs  on  the  surface  of  the  corpuscles,  and  brings 
the  nuclei  into  view  {Hanvier,  Stirling).'] 

[A  delicate  plexus  of  fibrils — intra-nuclear  plexus — exists  within  the  nucleus 
just  as  in  other  cells.  It  is  very  probable  that  the  pro- 
toplasm itself  is  pervaded  by  a  similar  plexus  of  fibrils,  and 
that  it  is  continuous  with  the  intra-nuclear  plexus  (fig. 
15).]  The  colorless  corpuscles  divide  by  mitosis,  and  in 
this  way  reproduce  themselves. 

The  Number  of  Colorless  Corpuscles  is  very 
much  less  than  that  of  the  red  corpuscles,  and  is  subject 
to  considerable  variations.  It  is  certain  that  the  color- 
less corpuscles  are  very  muck  fewer  in  shed  blood  than 
in  blood  still  within  the  blood-vessels.  Immediately  after 
blood  is  shed  an  enormous  number  of  white  corpuscles  Fig.  15. 

disappear  (§  30).  p,„^  „f  ^^,11.  in  a  color. 

AL  Schmidt  eslimitei  the  nomber  that  temuo  al  ^  of  the  whole        lew  blood  corpuscle. 
orieinally  present  in  the  ciTCnl&ting  blood.    The  proportion  is  greater 
in  children  than  in  adult*.    The  folloKing  table  gives  the  number  in  shed  blood  :  — 


n  Narnul  Condiiion.  |  In  Diffc 


Splenic  Vein,        i   ;       60     |  /n^r^dj^  by  Digestion.  Loss 


Splenic  Artery,  i  :  1,360 
Hepatic  Vein,  1  :  170 
PoAal  Vein,  I  :     740 

Generally  more  noinerous 
in  Veins  than  Aneries. 


of  Blood,  Prolonged  Sup- 
puration, Parturition,  Leu- 
kxmia,  Quinine,  Bitten. 
Diinimshtii\}y  Hunger,  Bad 
Nourishment. 


[The  number  also  varies  with  the  Age  and  Sex  :- 


Gitk, 1  :  405  '  White  fasting,  .    .    . 

Bop, 1   :  246  I  After  a  med,  .   .    . 

I  Adults, 1  :  334  I  Daring  pregnancy,  . 

'•  Old  Age. I   r  3iBl 


The  amceboid  movements  of  the  white  corpuscles  (so  called  because  they 
resemble  the  movements  of  amceba)  consist  in  an  alternate  contraction  and 
relaxation  of  the  protoplasm  surrounding  the  nucleus.  Processes  are  pushed 
out  from  the  surface,  and  are  retracted  again  (fig.  16).  There  is  an  internal 
current  in  the  protoplasm,  and  the  nucleus  has  also  been  observed  to  change 
its  form   [and  exhibit   contractions  without    the   corpuscle    dividing.      The 
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Fig.  16. 

Human  leucocytes  showing  amoeboid 

movements. 


mitotic  aster,  and  convolution  of  the  intra-nuclear  plexus  have  been  seen].   Two 
series  of  phenomena  result  from  these  movements: — (i)  The  "wandering" 

or  locomotion  of  the  corpuscles  due  to 
the  extension  and  retraction  of  their 
processes;  (2)  the  absorption  of  small 
particles  into  their  interior  (fat,  pig- 
ment, foreign  bodies).  The  particles 
adhere  to  the  sticky  external  surface,  are 
carried  into  the  interior  by  the  internal 
currents,  and  may  eventually  be  excreted, 
just  as  particles  are  taken  up  by  amoeba 
and  the  effete  particles  excreted.  [Max 
Schultze  observed  that  colored  particles 
were  readily  taken  up  by  these  corpuscles. 
Conditions  for  movement. — In  order 
that  the  amoeboid  movements  of  the 
leucocytes  may  take  place,  it  is  necessary 
that  there  be — (i)  a  certain  temperature 
and  normal  atmospheric  pressure;  (2)  the 
surrounding  medium,  within  certain 
limits,  must  be  *•' indifferent,"  and  contain  a  sufficient  amount  of  water  and 
oxygen  ;  (3")  there  must  be  a  basis  or  support  to  move  on.] 

Effect  of  Reagents. — On  a  hot  stage  (35°-4o°  C.)  the  colorless  corpuscles  of 
warm-blooded  animals  retain  their  power  of  moving  for  a  long  time ;  at  40°  C. 
for  two  to  three  hours ;  at  50^  C.  the  proteids  are  coagulated  and  cause  **  heat 
rigor"  and  death  [when  their  movements  no  longer  recur  on  lowering  the 
temperature].  In  cold-blooded  animals  (frogs),  colorless  corpuscles  may  be 
seen  to  crawl  out  of  small  coagula,  in  a  moist  chamber,  and  move  about  in  the 
serum.  [Draw  a  drop  of  newt's  blood  into  a  capillary  tube,  seal  up  the  ends  of  the 
latter  and  allow  the  blood  to  coagulate.  After  a  time,  examine  the  tube  in  clove 
oil,  when  some  of  the  colorless  corpuscles  will  be  found  to  have  made  their  way 
out  of  the  clot.]  Induction  shocks  cause  them  to  withdraw  their  processes 
and  become  spherical,  and,  if  the  shocks  be  not  too  strong,  their  movements 
recommence.  Strong  and  continued  shocks  kill  them,  causing  them  to  swell 
up,  and  completely  disintegrating  them. 

Diapedesis. — ^These  amoeboid  movements  are  of  special  interest  on  account 
of  the  "wandering  out  "  (diapedesis)  of  colorless  blood-corpuscles  through  the 
walls  of  the  blood-vessels  (§  95). 

[Effect  of  Drugs. — Acids  and  alkalies,  if  very  dilute,  at  first  increase,  bat  afterwards  arrest 
their  movements.  Sodic  chloride  in  a  i  per  cent  solution  at  first  accelerates  their  movements, 
but  afterwards  produces  a  tetanic  contraction,  and,  it  may  be,  expulsion  of  any  food  particles 
they  contain.  The  Cinchona  alkaloids — quinine,  quinidine,  cinchonidine  (l  :  1500) — quickly 
arrest  the  locomotive  movements,  as  well  as  the  protrusion  of  ps^dopodia,  although  the  leucocytes 
of  different  animals  vary  somewhat  in  their  resistance  to  the  action  of  drugs.  Quinine  not  only 
arrests  the  movements  of  the  leucocytes  when  applied  to  them  directly,  but  when  injected  into 
the  circulation  of  a  frog  the  leucocytes  no  longer  pass  through  the  walls  of  the  capillaries 
(Binz).! 

The  cnyle  contains  leucoc3rtes,  which  are  more  resistant  than  those  of  the  blood,  but  less  so 
than  those  of  the  coagulable  transudations.  The  leucoC3rtes  of  the  lymphatic  glands  may  also 
be  dissolved  (Rauschenbach). 

Relation  to  Aniline  Pigments. — Ehrlich  has  observed  a  remarkable  relation  of  the  white 
corpuscles  to  acid  (eosin,  picric  acid,  aurantia),  basic  (dahlia,  acetate  of  rosanilin),  or  neutral 
(picrate  of  rosanilin)  reactions.  The  smallest  protoplasmic  granules  of  the  cells  have  different 
chemical  affinities  for  these  pigments.  Thus  Ehrlich  distingubhes  <*  eosinophile,"  **  baso- 
phile,"  and  **  neutrophile,"  granules  within  the  cells.  Eosinophile  granules  occur  in  the 
Ieucoc3^es  which  come  from  bone-marrow,  the  myelogenic  leucocjrtes.  The  small  leucocytes,  t.  e.^ 
those  about  the  size  of  a  colored  blood -corpuscle  or  slightly  larger,  are  formed  in  the  lymphatic 
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glands,  the  lymphc^enic.  The  large  amoeboid  multi-nucleated  cells,  which  are  found  outside 
the  ressels  in  inflammations,  exhibit  a  neutrophile  reaction.  Their  origin  is  unknown,  and  so  is 
that  of  the  large  uni-Ducleated  cells^  and  the  large  cells  with  constricted  nuclei.  The  eosinophile 
corpuscles  are  considerably  increased  in  leuksemia.  The  basophile  granules  occur  also  in  con- 
nective-tissue corpuscles,  especially  in  the  neighborhood  of  epithelium ;  they  are  always  greatly 
increased  where  chronic  inflammation  occurs. 

Struggle  between  Microbes  and  the  Organism. — Metschnikoff  emphasizes  the  activity  of 
the  leucocytes  in  retrogressive  j^'ocesses,  whereby  the  parts  to  be  removed  are  taken  up  by  them 
in  fine  granules,  and,  as  it  were,  are  "  ealen*^  Hence,  he  calls  such  cells  "  phagocytes."  They 
may  be  found  in  the  atrophied  tails  of  batrachians,  the  cells  containing  in  their  interior  whole 
pieces  of  nerve-fibre  and  primitive  muscular  bundles.  Schizomycetes,  which  have  found  their 
way  into  the  blood  (J  184),  have  been  found  to  be  partly  taken  up  by  the  colorless  corpuscles. 
[The  spores  of  a  kind  of  yeast  are  similarly  attacked  in  the  transparent  tissues  of  the  water  flea 
by  the  leQCoC3rtes,  and  the  connective-tissue  cells  also  destroy  microbes.] 

[It  must  not  be  forgotten  in  this  connection  that  albumoses  are  produced  by  various  microbes, 
and  that  these  soluble  products  are  capmble  when  injected  into  an  animal  of  producing  immunity 
against  the  attack  of  certain  microbes,  i.e.,  a  chemical  as  dbtinguished  from  a  vaccinal  immunity 
(J  i66).] 

III.  Blood- Plates. — Special  attention  has  recently  been  directed  to  a  third 
element  of  the  blood,  the  **  blood-plates/'  "blood-platelets,"  or  "blood- 
tablets"  of  Bizzozero  (figs.  17  and  18);  pale,  colorless,  oval,  round,  or  len- 
ticular discs  of  variable  size  (mean  3  /i).  In  a  healthy  man  Fusari  found  18,000 
to  250,000  in  I  cubic  millimetre  of  blood.  These  blood-plates  may  be  recognized 
in  the  circulating  blood  of  the  mesentery  of  a  chloralized  guinea-pig  and  the 
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Fig.  17. 

Blood- plates''  and  their  derivatives,  i,  a  red  blood -corpuscle  on  the  flat;  2,  on  the  side;  3, 
unchanged  blood -plates;  4,  lymph-corpuscle,  surrounded  by  blood-plates;  5,  altered  blood- 
plates  ;  6,  lymph-corpuscle  wiUi  two  heaps  of  fused  blood-plates  and  threads  of  fibrin;  7,  group 
of  fused  blood-plates ;  8,  small  group  of  partially  dissolved  blood-plates  with  fibrils  of  fibrin. 

wing  of  the  bat.  They  are  precipitated  in  enormous  numbers  upon  threads 
suspended  in  fresh  shed  blood  [or  if  blood  be  beaten  with  a  linen  thread].  They 
may  be  obtained  from  blood  flowing  directly  from  a  blood-vessel,  on  mixing  it 
with  one  p>er  cent,  solution  of  osmic  acid.  They  rapidly  change  in  shed  blood 
(fig.  17,  5),  disintegrating,  forming  small  particles,  and  ultimately  dissolving. 
When  several  occur  together  they  rapidly  unite,  form  small  groups  (7),  and 
collect  into  finely  granular  masses.  These  masses  may  be  associated  in  coagu- 
lated blood  with  fibrils  of  fibrin  (fig.  17). 

• 

[These  blood-plates  are  best  seen  in  the  shed  blood  of  the  guinea-pig,  especially  if  it  be  mixed 
with  a  solution  of  sodic  sulphate  (sp.  gr.  1022)  or  )^  per  cent.  NaCl  tinged  with  methyl-violet. 
Bizzozero  regards  them  as  the  agents  which  immediately  induce  coagulation  and  take  part  in 
the  formation  of  fibrin  during  coagulation  of  the  blood ;  Eberth  and  Schimmelbusch  ascribe 
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the  initial  formation  of  white  thrombi  to  them.  According  to  L5wit  they  are  formed  from 
partially  disintegrated  leucoc3rte8,  as  a  consequence  of  alteration  of  the  blood.  Along  with  the 
leucocytes  they  are  concerned  in  the  formation  of  fibrin  (Hlava).  These  structures  were  known 
to  earlier  observers ;  but  their  significance  has  been  variously  interpreted.  Hayem  called  them 
hsematoblasts.  Halla  found  that  they  increased  in  pregnancy,  Afanassiew  in  conditions  of 
regeneration  of  the  blood,  and  Fusari  in  febrile  anaemia ;  they  are  diminished  in  fever. 

[As  to  the  hsematoblasts,  or,  as  they  have  also  been  called,  the  **  globules  of  Donn6  "  by 
Pouchet,  there  seems  to  be  some  confusion,  for  both  colored  and  colorless  granules  are  de- 
scribed under  these  names.  As  Gibson  suggests,  the  former  are,  perhaps,  parts  of  disintegrated 
colored  corpuscles,  whilst  the  latter  are  the  blood- plates.  The  **  invisible  blood-corpuscles  " 
described  by  Norris  seem  to  be  simply  decolorized  red  corpuscles  (Nartj  Gibson).'] 

[If  frogs  be  bled  repeatedly,  thus  leading  to  active  blood-formation,  it  is  stated  that  on  the 
third  to  the  sixth  day  all  stages  of  mitotic  division  of  the  blood-platelets  are  to  be  seen  [Mondino), 
The  same  observer  has  described  mitosis  of  mammalian  blood-platelets.  These  observations, 
however,  have  still  to  be  confirmed. 

IV.  Elementary  Granules. — Blood  contains  elementary  granules  (fig. 

14,  F),  [/>.,  the  elementary  particles  of 
Zimmermann  and  Beale.  They  are  ir- 
regular bodies,  much  smaller  than  the 
ordinary  corpuscles,  and  appear  to  con- 
sist of  masses  of  protoplasm  detached 
from  the  surface  of  leucocytes,  or  derived 
from  the  disintegration  of  these  cor- 
puscles or  of  the  blood- plates.  Others, 
-  ^    again,  are  completely  spherical  granules, 

\     $f^     OP  either  consisting  of  some  proteid  sub- 
Q^  Stance  or  fatty  in  their  nature.    The  pro- 

^^         toplasmic  and  the  proteid  granules  dis- 
appear on  the  addition  of  acetic  acid, 


cQ 


c^ 


/  T- J  ^    while  the  fatty  granules  (which  are  most 

^O/^Y)      numerous  after  a  diet  rich  in  fats)  dis- 
0^     ^<jy      g^i^^  j^  ether.] 

^^  V.  In  coagulated  blood,  delicate 

^>g-  '^-  threads  of  fibrin  (figs.  14,  E,  and  17,  6, 

Blood-corpuscles  and  blood-plates  from  normal  y^  g)  are  seen,  more  especially  after  the 

human  blood,    (a)  Red  bloodUcorpuscles;  corpuscles  have  run  into  rouleaux.     At 

(b)  colorless  corpuscles;  U)  blood-plates.  ^i_*^j          r*i_          nx.                   rj 

^  '                  ^           ^  '          *^  the  nodes  of   these   fibres  are    found 

granules  which  closely  resemble  those  described  under  III. 

[When  the  blood-forming  process  is  particularly  active,  as  after  repeated  hemorrhages, 
"  nucleated  colored  corpuscles  "  or  the  **  corpuscles  of  Neumann  "  are  sometimes  found 
in  the  blood.  They  are  identical  with  the  nucleated  colored  blood  corpuscles  of  the  foetus, 
being  somewhat  larger  than  the  non-nucleated  colored  corpuscle  (§  7).] 

10.  ABNORMAL  CHANGES  OF  THE  BLOOD-CORPUSCLES.— (i)  Hemor- 
rhages diminish  the  number  of  red  corpuscles  (at  most  one-half),  and  so  does  menstruation. 
The  loss  is  partly  covered  by  the  absorption  of  fluid  from  the  tissues.  Menstruation  shows  us 
that  a  moderate  loss  of  red  corpuscles  is  replaced  within  twenty-eight  days.  When  a  large 
amount  of  blood  is  lost,  so  that  all  the  vital  processes  are  lowered,  the  time  may  be  extended  to 
five  weeks.  In  acute  fevers,  as  the  temi>erature  increases,  the  number  of  red  corpuscles 
^diminisheSy  while  the  white  corpuscles  increase  in  number.  By  greatly  cooling  periphersd  parts 
of  the  body  as  by  keeping  the  hands  in  iced  water,  in  some  individuals  possessing  red  blood- 
corpuscles  of  low  resisting  power,  these  corpuscles  are  dissolved,  the  blood-plasma  is  reddened, 
and  even  haemoglobinuria  may  occur  {\  265). 

Diminished  production  of  new  red  corpuscles  causes  a  decrease,  since  blood-corpuscles  are 
continually  being  used  up.  In  chlorotic  females  there  seems  to  be  a  congenital  weakness  in 
the  blood-forming  and  blood -propelling  apparatus,  the  cause  of  which  is  to  be  sought  for  in  some 
faulty  condition  of  the  mesoblast.  In  them  the  heart  and  the  blood-vessels  are  small,  and  the 
absolute  number  of  corpuscles  may  be  diminished  one-half,  although  the  relative  number  may  be 
retained,  while  in  the  corpuscles  themselves  the  hemoglobin  is  diminished  almost  one-third ;  but 
it  rises  again  after  the  administration  of  iron  {Hayem).      The  administration  of  iron  increases 
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tbe  amount  of  haemoglobin  in  the  blood.  [The  action  of  iron  in  anaemic  persons  has  been 
known  since  the  time  of  Sydenham.  Hayem  also  finds  in  certain  forms  of  ansemia  that  there  is 
considerable  variation  in  the  size  of  the  red  corpuscles,  and  that  in  chronic  anaemia  the  mean 
diameter  of  the  corpuscles  is  always  less  than  normal  (7  //  to  6//).  There  is,  moreover,  a  persistent 
alteration  in  the  volume^  coloring  power^  and  consistence  of  the  corpuscles,  consequently  a  want 
of  accord  between  the  number  of  the  corpuscles  and  their  coloring  power,  t.  ^.,  the  amount  of 
haemoglobin  which  they  contain.  In  pernicious  ansemia,  in  which  the  continued  decrease  in 
tbe  red  corpuscles  may  ultimately  produce  death,  there  is  undoubtedly  a  severe  affection  of  the 
blood-forming  apparatus.  The  corpuscles  assume  many  abnormal  and  bizarre  forms,  often  being 
oval  or  tailed,  irregularly  shaped,  and  sometimes  very  pale ;  while  numerous  cells  containing 
blood-corpuscles  are  found  in  the  marrow  of  bone.  In  this  disease,  although  the  red  blood- 
corpuscles  are  diminished  in  number,  some  may  be  larger  and  contain  more  haemoglobin  than 
noiinai  corpuscles.  The  number  of  colored  corpuscles  is  also  diminished  in  chronic  poisoning 
by  lead  or  miasmata,  and  also  by  the  poison  of  syphilis.] 

(2)  The  size  of  the  corpuscles  varies  in  disease  from  2.9-12.9  }i  (mean  6-8  \jl)  ;  "  dwarf  cor- 
puscles **  or  microcytes  (6  /<  and  less)  are  regarded  as  young  forms,  and  occur  plentifully  in 
nearly  all  cases  of  anaemia.  "  Giant  blood-corpuscles  *'  or  macrocytes  ( 10  /<  and  more)  are  con- 
stant in  pernicious  anaemia,  and  sometimes  in  leukaemia,  chlorosis,  and  liver  cirrhosis  (Gram). 

(3)  Abnormal  forms  of  the  red  corpuscles  have  been  observed  after  severe  burns  (Lesser); 
the  corpuscles  are  much  smaller,  and  under  the  influence  of  the  heat  particles  seem  to  be  detached 
from  them,  just  as  can  be  seen  happening  under  the  microscope  as  the  effect  of  heat  (p.  7).  Dis- 
integration of  the  corpuscles  into  fine  droplets  has  been  observed  in  various  diseases,  as  in  severe 
malarial  fevers.  The  dark  granules  of  a  pigment  closely  related  to  haematin  are  derived  from  the 
granules  arising  from  the  disintegration  of  the  blood-corpuscles,  and  these  particles  float  in  the 
blood  (melansemia).  This  condition  can  be  produced  artificially  by  injecting  bisulphide  of 
carbon  (7  to  10  of  oil)  subcutaneously  into  rabbits  (Schwalbe),  They  are  p>artly  absorbed  by  the 
colorless  corpuscles,  but  they  are  also  deposited  in  the  spleen,  liver,  brain,  and  bone-marrow. 

(4)  Sometimes  the  red  corpuscles  are  abnormally  soft,  and  readily  yield  to  pressure. 

Parasites  of  blood-corpuscles. — Within  the  red  blood-corpuscles  of  birds,  fishes,  and  tor- 
toises, parasites  are  occasionally  developed  in  the  form  of  round  "  pseudo- vacuoles  *'  from  which 
free  parasites  are  subsequently  discharged  (Danilewsky),  In  malarial  conditions  in  man,  pro- 
tozoon-like  organisms  have  been  seen  within  the  red  corpuscles,  the  Plasmodium  malarise 
(Afarchiafava). 

The  white  corpuscles  are  enormously  increased  in  number  in  leukaemia  (J.  H,  Bennett  ^ 
Vtrckow).  In  some  cases  the  blood  looks  as  if  it  were  mixed  with  milk.  The  colorless  cor- 
puscles seemed  to  be  formed  chiefly  in  bone-marrow  (E.  Neumann) y  and  also  in  the  spleen  and 
lymphatic  glands  (myelogenic,  splenic,  and  lymphatic  leukaemia). 

II.  CHEMICAL  CONSTITUENTS  OF  THE  RED  BLOOD- 
CORPUSCLES.— (i)  The  coloring  matter  or  haemoglobin  (Hb)  is 
the  cause  of  the  red  color  of  blood ;  it  also  occurs  in  muscle  and  in  traces  in 
the  fluid  part  of  blood,  but  in  the  last  case  only  as  the  result  of  the  solution  of 
some  red  corpuscles.  Its  percentage  composition  is,  according  to  HUfner, 
in  the  blood  of  the  pig  (and  ox  in  brackets),  C  54.71  (54.66),  H  7.38  (7.25), 
N  17-43  (i7-7o)>  S  0.479  (o-447)-  Fe  0.399  (0.40),  O  19.602  (19.543).  Its 
rational  formula  is  unknown,  but  Preyer  gives  the  empirical  formula  Cfloo»  Hjbo, 
N,54,  Fe,  Ss,  0,7».  Although  it  is  a  colloid  substance  it  crystallizes  in' all 
classes  of  vertebrates,  according  to  the  rhombic  system,  and  chiefly  in  rhombic 
plates  or  prisms;  in  the  guinea-pig  in  rhombic  tetrahedra;  in  the  squirrel,  how- 
ever, it  yields  hexagonal  plates.  The  varying  forms,  perhaps,  correspond  to 
slight  differences  in  the  chemical  composition  in  different  cases.  Crystals  sepa- 
rate from  the  blood  of  all  classes  of  vertebrata  during  the  slow  evaporation  of 
lake-colored  blood,  but  with  varying  facility  (fig.  19).  < 

[The  following  analysis  shows  the  composition  of  the  haemoglobin  of  the  horse  and  dog,  so 
that  they  do  not  seem  to  be  quite  identical  in  composition.] 

Haemoglobin  of  Horse.  Hsemoglobin  of  Dog. 

C  51.15  53.91 

H  6.76  6.62 

N  17.94  15.98 

S   0.390  0.542 

Fe  0.335  0.333 

O  23  43  (Zinoffsky).  22.62  ( Jaquel).^ 


rig.  19. 

Hiemc^lobin  crystals  from  blood, 
human  ;  f,  cat ;  d,  guinea-pig ;  e, 
■lerj  /,  squirrel. 
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:  diiltcDU;  from  the  blood  of  the  cair,  pig,  pigeon, 
onkey,  rabbit,  and  sheep;  readily  from  that  of  the 
dog,  cat,  mouse,  and  horae;  and  very  leadily 
from  that  of  the  r»t  and  guinea-pig  {Prtyer). 
[Copeman  finds  that  colored  crystals  Cao  be  ob- 
tained from  ihe  blood  of  the  frag.  More  rarely  a 
crystal  is  formed  from  a  single  corpuscle  enclosing 
the  stroma.  Crystals  bave  been  found  near  the 
nucleus  of  (he  large  corpuscles  of  fisber, and  in  this 
class  of  vertebrates  colorless  crystals  bave  been 
observed.  Crystals  of  hxmoglobin  are  readily 
found  in  tbe  prepared  blood  of  the  salamander.] 

Dichroism.  —  Haemoglobin  crystals 
are  doubly  refractive  and  pleo-chro- 
matic;  they  are  bluish-red  with  trans- 
mitted light,  scarlet-red  by  reflected  light. 
They  contain  from  3  to  q  per  cent,  water 
of  crystallization,  and  are  soluble  in  water, 
but  more  so  in  dilute  alkalies.  They  are 
insoluble  in  alcohol,  ether,  chloroform, 
and  fats.  The  solutions  are  dichroic  ;  red 
in  reflected  light,  and  green  in  transmitted 
light.  In  contact  with  protoplasmic  cells, 
e.g.,  leucocytes,  hsemoglobin  is  destroyed 
in  five  days  and  regenerated  again  after 
twelve  days  {Schwarts). 

In  the  act  of  crystal liiat ion  Ihe  hicmtwlobin 
seems  to  undergo  some  internal  change.  Before 
it  crystallizes  it  does  not  diffuse  like  a  tme  colloid, 
and  it  also  rapidly  decomposes  hydric  peroxide. 
If  it  be  redissolved  after  cryslalliialion,  it  diffuses, 
although  only  to  a  small  extent,  but  it  no  longer 
decomposes  hydric  peroxide,  and  is  decolorized 
by  iL    [The  presence  of  O  favors  crystallization.] 


12.  PREPARATION  OF  HAEMOGLOBIN  CRYSTALS.— Method  of  Rollett.- 
Pul  defibrinaled  blood  in  a  platinum  capsule  placed  on  a  freeiing  mikture,  freeze  the  Mood,  and 
then  thaw  it;  pour  the  lake-colored  blood  into  a  plate  until  it  forms  a  stralum  not  more  than  IJ^ 
mm.  in  tUckneu  and  allow  it  to  evaporate  slowly  in  a  cool  place,  when  crystals  will  separate. 

Method  of  Hoppe-Seyler. — Mix  defibrinated  blood  with  10  volumes  of  a  20  pet  cent,  salt 
solution,  and  allow  it  lo  stand  for  two  days.  Remove  the  clear  upper  fluid  with  a  jiipetle, 
wash  tbe  thick  deposit  of  blood-corpuscles  with  water,  and  afterwards  shake  it  for  a  long  time 
with  an  equal  volume  of  ether,  which  dissolves  the  blood-corpuscles.  Remove  Ihe  ether,  filler 
the  lake. colored  blood,  add  to  it  %  of  its  volume  of  cold  alcohol  (0°),  and  allow  the  mixtoreto 
stand  in  thecold  for  several  days.  The  numerous  crystals  can  be  Collected  on  a  filler  and  pressed 
between  folds  of  blotting-paper. 

Method  of  Qacheidlcn. — Take  defibrinaled  blood,  which  has  been  exposed  for  twenty-four 
hours  to  the  air,  and  keep  il  in  a  closed  lube  of  narrow  calibre  for  several  days  at  37"  C,  When 
tbe  blood  is  spread  on  glass,  the  crystals  form  rapidly,     [Vaccine  tubes  answer  very  well.] 

[Melhod  of  Stirling  and  Brito. — It  is  in  many  cases  sufficient  to  mix  a  drop  of  blood  with 
*  a  few  drops  of  water  on  a  glass  slide,  and  to  seal  up  the  preparation.  After  a  few  days  beautiful 
crystals  are  developed.  The  addition  of  water  to  the  blood  of  some  animals,  such  BS  the  rat 
and  the  guinea  pig,  is  rapidly  followed  by  the  formation  of  crystals  of  haimoglobin.  Very 
large  crystals  of  reduced  hicrai^lobin  may  be  obtained  from  the  stomach  of  the  leech  several 
days  after  it  has  sucked  blood,] 

[Crystals  of  Reduced  HKHiogtobin  may  be  olilained  from  human  blood  ;  (1)  by  [he  addi- 
tion 10  blood  of  decomposed  serum,  or  of  pericardial  fluid;  (2)  treatment  with  bite,  especially 
the  bile  of  a  cU;  (3)  agiiaiioo  with  ether;  (4)  semi-digestion  in  the  stomach  of  Ihe  leech 
(Stirling,  Bo»d,  Copiman).  They  may  also  be  obtained  as  reddish-vH>lei  colored  prisms,  but 
green  in  transmitted  light  if  they  are  thin,  by  sealing  up  some  putrefying  HbO,  in  a  lube  In  an 
atmosphere  of  hydrogen  (NtnckimA  Siiber\'\ 


Sec.  13.]  ESTIMATION    OP    HEMOGLOBIN.  23 

13.  QUANTITATIVE  ESTIMATION  OP  HiGMOOLOBIN.— (a)  From  tbe 
Amount  of  Iron. — As  dry  (l<K^  C.)  bznloglobiD  coDt>iDS0.43  per  ccdI.  or  iron,  the  amoDDt 
of  b:«DOg1obiD  nu/  be  calculated  from  the  amouot  of  iron.  If  m  repiesents  Ihe  percent)^ 
amoont  of  nKtallic  irOD,tfaen  (he  perceotage  ortiiemc^lotMD  in  blood  is  =  .    Th«  procedure 

a  ibe  rolloniag :  Calcine  a  weighed  qaantity  of  blood,  and  eihausl  the  aih  wiih  HCl  to  obtain 
feiric  chloride,  which  is  tiansformed  into  ferrous  chloride.  The  tolulion  ii  then  titrated  with 
potassic  permauganale. 

(i)  Colorimetric  Method. — Prepare  a  dilute  water;  lolution  of  hsemoglobin  CTTStals  of  a 
known  strength.  With  Ibis  compare  an  iqueous  diiulion  of  ihe  blood  to  be  investigated,  by 
adding  water  to  it  until  the  color  of  Ihe  test  solution  is  obtained.  Of  course,  the  sotulioDS 
most  be  compued  in  vessel:  with  parallel  sides  and  of  exactly  the  same  width,  so  ai  to  give 
ihe»anielhickne3Sorfloidt/i'D//?-Sry/o-).  [In  ihcveisel  with  parallel  sides,  or  hBmatinometer, 
the  sides  are  exactly  I  cenlimelre  apart.  Insleador  using  a  standard  solution  of  oiybxmoglobin, 
a  solution  of  picro-cafminile  of  ammonia  may  be  used  (Jtajewsi^,  Ma/assa)  ] 

(<■)  By  the  Spectroscope. — Preyer  found  that  an  0.8  per  cent,  watery  solution  ( I  cm.  thick), 
allowed  the  red,  the  yellow,  and  the  ilrst  strip  of  green  to  be  seen  (lig.  35,  i ).  Take  Ihe  blood 
to  be  investigated  (about  o  5  c.cm.),  and  dilute  it  with  water  nntil  11  shows  exactly  the  same 
optical  effects  in  the  spectroscope.  If  ^  is  tbe  percentage  of  Hb  which  allows  green  to  pass 
through  (0-8  per  cent.),  i,  the  volume  of  blood  investigated  (about  a5  ccm.),  m,  the  necessary 
amount  of  water  added  to  dilute  it,  then  jr  =  the  percentage  of  Hb  in  tbe  blood  to  be  invcMi- 

H.«-  +  ») 


It  is  very  convenient  to  add  a 


c  potash  to  blood  and  then  to  saturate  it  with 


[(J)  The  HKinoglobinometer  of  Cowers  is  used  Tor  tbe  clinical  estimation  of  li%inogld:iin 
(f^.  30).  "  Tbe  tint  of  the  dilution  of  a  given  volume  of  blood  with  distilled  water  is  taken 
•s  tbe  index  of  tbe  amount  of 
haemoglobin.  The  distilled  water 
rapidly  dissolves  out  all  the  hse- 
moglobin,  as  is  shown  by  the  fact 
that  the  tint  of  the  dilution 
nikdergoes  no  change  on  standing. 
The  color  of  a  dilution  of  average 
DCamal  blood  (one  hundred  limes) 
is  taken  as  tbe  standard.  Tbe 
quantity  of  tuemoglobin  is  indi- 
cated by  Ihe  amount  of  distilled 
water  needed  to  obtain  the  tint 
wilb  the  same  volume  of  blood 
under  examination  as  was  taken 
of  the  standard.  On  account  of 
the  instability  of  a  standard  dilu- 
tion of  blood,  tinted  glycerine- 
^Ij  is  employed  instead.  This 
IS  perfectly  slaUe,  and  by  means 
of  carmine  and  picio-cannine  the 
exact  tint  of  diluted  blood  can  be 
obtaioed.  The  apparatus  connsts 
of  two  glass  tabes  of  exactly  tbe 

same  sire.     One   cootains  ID)  a  ^V-  ^■ 

aiaodard  of  the  tint  of  a  dilution  Cowers'  bomoglobinoraeter.  A,  pipette  bottle  for  distilled 
or20cubicmm.ofbtood,in2cubic  water;  B,  capillary  pipette  ;  C,  graduated  lube;  D,  tube, 
c«itime«rcsofwater(imioo).Tbe  with  sUndatd  dilution;  F,  lancet  for  pricking  the  finger, 
leeond  lube  (C)  is  graduated  too  f        "s  k 

degrees  =  2  centimetres  ( 100  times  20  cubic  millimetres).  The  10  cubic  millimetres  of  blood 
are  measured  bj  a  capillary  [Hpette  (B).  This  quantity  of  the  blood  to  be  tested  is  ejected 
into  tbe  bottom  of  the  tube,  a  few  drops  of  distilled  water  being  first  placed  in  the  latter.  The 
mixlure  is  rapidly  agitated  to  prevent  the  coagulation  of  tbe  blood.  The  distilled  water  is 
then  added  drop  by  drop  (from  the  pipette  stopper  of  a  bottle  (A)  supplied  for  that  purpose), 
until  the  tint  of  the  dilution  is  tbe  same  as  that  of  the  standard,  and  tbe  amount  of  water 
which  has  lieen  added  (1,  e.,  the  degree  of  dilution)  indicates  the  amount  of  hannoglobin." 

"  Since  avenge  normal  blood  yields  the  tint  of  the  standard  at  100  degrees  of  dilution,  tbe 
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number  of  degrees  of  diluiioD  necessarjr  to  obtaio  the  same  lint  iridi  >  given  specimen  of  blood 
is  the  percealage  proportion  of  the  hxmoglolHn  conUined  in  il,  compared  to  (he  nonnal.  For 
instance,  ihe  20  cubic  millimetres  of  blood  from  a  patient  with  aiueinia  gave  the  standard  tint 
of  30  degrees  of  dilutinn.  Hence  it  contained  only  36  per  cent,  of  the  normal  quantity  of 
haemoglobin.  By  ascertaining  with  the  hsemacytometer  ihe  corpuscular  richness  of  the  blood, 
we  are  able  to  compare  the  two.  A  fraction,  of  which  the  numerator  is  the  percentage  of 
hiemoglobin,  and  ibe  denominator  the  percenlBj[B  of  corpuscles,  gives  at  once  the  average  value 
per  corpuscle.  Thus  the  blood  mentioned  above  containing  30  per  cent,  of  hemoglobin,  con- 
tained 60  per  cent,  of  corpuscles ;  hence  the  average  value  of  each  corpuscle  was  )J  or  j^  of  the 
normal.  Variations  in  the  amount  of  h:emogiobin  may  be  recorded  on  the  same  chart  as  that 
employed  for  the  corpuscles.  The  instrument  is  only  expected  to  yield  approximate  results, 
accurate  within  1  or  3  per  cent,  It  has,  however,  been  found  of  much  utility  in  clinical  obser- 
vation."] 

(^)  FleiBchl'a  Hamomcter. — For  clinical  purposes  this  inslmment  (fig.  21)  is  useful.     A 
cylinder  G,  of  two  compartments  a  and  a'  rests  on  a  metallic  table.     Both  companments  are 
filled  with  water,  but  in  one  (a)  is  placed  a  Icnown  quantity  of  blood  measured  in  a  measuring- 
lube  of  known  capacity.     The  red  color  of  the  solution  of  haemoglobin  thus  obtained  is  com- 
pared with  a  red  wedge  of  glass  (K),  which  is  moved  by  means  of  a  wheel  (R  and  T)  under  the 
other  compartment  {a')  until  the  two  colors  are  identical.      The  illumination  of  the  dilute 
blood  solution  end  the  red  glass  wedge  is  done  from  below  by  Ump  light  reflected  from  the 
white  reflecting  surface  (S).     The  frame  in  which  the  red  glass  wedge  is  Rxed  bears  numbers, 
and  when  the  color  is  identical  \a  the  two  compartments  a  and  a',  the  percentage  of  hsemo- 
globin  as  compared  with  normal  blood 
can  be  read  olT  directly.     Suppose  it  to 
be  So  on  the  scale,  then  the  blood  ex- 
amined contains  So  per  cent,   of  the 
hemoglobin  of  normal  blood. 

[Biizoiero's  chromocytometer  is 
largdy  used  in  Italy  for  the  same 
purpcae.] 

The  amount  of  haemoglobin 

in  man  is  13.77  P^^  cent.,  in  the 

woman  12.59  P^'  cent.,  during 

pregnancy  9    to    12   per  cent. 

{Preyer).  AccordingtoLeichien- 

stern,  Hb  is  in  greatest  amount  in 

the  blood  of  a  newly-born  infant, 

1  but  after  ten  weeks  the    excess 

1  disappears.     Between  six  months 

;  and  five  years  it  is  smallest  in 

amount ;    it    reaches    its  second 

highest       maximum        between 

twenty-one   and    forty-five,  and 

Fig.  21.  then  sinksagaio.   Fromthetenth 

Fleischl's  hiemometer,     K,  red  colored  wedge  of  glass   year  onwards,  the  blood   of   the 

moved  by  R;  G,  mixing  vessel  with  two  compart-   female  is  poorer  in  Hb.   The  tak- 

ments  a  and  fl'i  M.  table  with  hole  to  read  off  the   jng  of  food  causes  a  temporary 

percenuge  of  ha^oglobin  on  the  scale  F;   T,  to   decrease  of  the  Hb  owing  to  the 

move  K ;  S.  mirror  of  iriaster  of  Pans.  jX     T  f.-iV       ° 

dilution  of  the  blood. 


;  S,  mirror  of  [riaster  of  Paris. 


[In  Animals. — The  quantity  of  blood  varies  with  the  animal  inve si igated.  The  following 
Table  by  Beaunis  gives  the  proportion  of  biemoglobin  per  100  grams  of  blood : — 

Man 12.3  per  icio.  Sheep 11. a  per  100. 

Dog 13.S       "  Rabbit, 8.4       ■' 

Pig 13-2'      "  Fowl, 8.5       " 

Ox ia.3       ■■  Duck. 8.1       "] 

Pathological. — A  decrease  is  observable  during  recovery  from  febrile  conditions,  and  also 
during  phthisis,  cancer,  ulcer  of  the  sloraacb,  cardiac  disease,  chronic  diseases,  chlorosis, 
leukemia,  pernicious  aniemia,  and  during  Ihe  rapid  mercurial  treatment  of  syphilitic  persons. 
During  hunger  the  Hb  seems  to  be  more  resistant  than  the  other  constituents  of  the  blood 
(GroU). 
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14.  THE  SPECTROSCOPE. — As  the  spectroscope  is  frequently  used  in  the  investigation 
of  blood  and  other  substances,  a  short  description  of  the  instrument  is  given  here  (Bg.  22).  It 
consists  of — (i)  a  tube.  A,  which  has  at  its  peripheral  end  a  slit,  S  (that  can  be  narrowed  or 
widened).  At  the  other  end  a  collecting  lens,  C  (called  a  collimator),  is  placed,  so  that  its 
(ocus  is  in  exact  line  with  the  slit.  Light  (from  the  sun  or  a  lamp)  passes  through  the  slit,  and 
thus  goes  parallel  through  C  to— (2)  the  prism,  P,  which  decomposes  the  parallel  rays  into  a 
colored  spectrum,  r,  v.  (3)  An  astronomical  telescope  b  directed  to  the  spectrum  r,  v,  and 
the  observer,  B,  with  the  aid  of  the  telescope,  sees  the  spectrum  magnified  from  six  to  eight 
times.  (4)  A  third  tube,  D,  contains  a  delicate  scale,  M ,  on  glass,  whose  image,  when  illumi- 
nated, is  reflected  from  the  prism  to  the  eye  of  the  observer,  so  that  he  sees  the  spectrum,  and 
over  or  above  it  the  scale.  To  keep  out  other  rays  of  light  the  inner  ends  of  the  three  tubes  are 
covered  by  metal  or  by  a  black  cloth  (see  also  J  2^). 

[The  micro-spectroscope,  e.^,<,  as  made  by  Browning  or  Zeiss,  may  be  used  when  small 
quantities  of  a  solution  are  to  be  examined.  Every  spectroscope  ought  to  give  two  spectra,  so 
that  the  position  of  any  absorption -band  may  be  definitely  ascertained.  The  spectroscope  is 
fitted  into  the  ocular  end  of  the  tube  of  a  microscope  instead  of  the  eye-piece.  Small  cells  for 
containing  the  fluid  to  be  examined  are  made  from  short  pieces  of  barometer-tubes  cemented  to 
a  plate  of  glass.] 


Fig.  22. 

Scheme  of  a  spectroscope  for  observing  the  spectrum  of  blood.  A,  tube;  S,  slit;  m,  m, 
layer  of  blood  with  flame  in  front  of  it ;  P,  prism ;  M,  scale ;  B,  eye  of  observer  looking 
through  a  telescope ;  r',  v^,  spectrum. 

Absorption  Spectra. — If  a  colored  medium  {f.  g.^  a  solution  of  blood)  be  placed  between 
the  slit  and  a  source  of  light,  all  the  rays  of  colored  light  do  not  pass  through  it — some  are 
ab6orl>ed ;  many  yellow  rajrs  are  absorbed  by  blood,  hence  that  part  of  the  spectrum  appears 
dark  to  the  obsmrer.  On  account  of  this  absorption,  such  a  spectrum  is  called  an  **  absorption 
specirum,^'* 

Flame  Spectra. — If  mineral  substances  be  burned  on  a  platinum-wire  in  a  non-luminous 
flame  or  Bunsen's  burner  in  front  of  the  slit,  the  elements  present  in  the  mineral  or  ash  give 
a  special  colored  band  or  bands,  which  have  a  definite  position.  Sodium  gives  a  yellow, 
potassium  a  red  and  violet  line.  These  substances  are  found  on  burning  the  ashes  of  alnoost  all 
organs. 

If  sunlight  be  allowed  to  fall  upon  the  slit,  the  spectrum  shows  a  large  number  of  lines 
( Fraunhofer's  lines)  which  occupy  definite  positions  in  the  colored  spectrum.  These  lines  are 
indicated  by  the  letters  A,  B,  C,  D,  etc.,  a,  b,  r,  etc.  (fig.  23). 

15.  COMPOUNDS  OF  Hb  WITH  O;  OXYH-ffiMOGLOBIN 
AND  MBTH^MOGLOBIN.— I.  Oxyhsemoglobin  (HbO,)  behaves  as 
a  weak  acid,  and  occurs  to  the  extent  of  86.78  to  94.30  per  cent,  in  dry  human 
red  corpuscles  {fidell).     It  is  formed  very  readily  whenever  Hb  comes  into 


26  COMPOUNDS    OF    HEMOGLOBIN.  [SCC.  I5. 

contact  with  O  or  atmospheric  air.  According  to  Bohr,  i  gramme  Hb  unites 
with  1.56  cubic  centimetre  of  O  at  0°  and  760  mm.  Hg  pressure,  the  union 
being  stronger  in  weak  than  in  concentrated  solutions.  Oxyhemoglobin  is  a 
very  loose  chemical  compound,  and  is  slightly  less  soluble  than  Hb ;  its 
spectrum  shows  in  the  yellow  and  the  green  two  dark  absorption -bands, 
whose  length  and  breadth  in  a  0.18  per  cent,  solution  are  given  in  fig.  33  (i). 
It  occurs  in  the  blood-corpuscles  circulating  in  arteries  and  capillaries,  as  can 
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Fig.  23- 
Spectra  of  hEemoglobio  and  ii: 


impounds. 


a  rabbit,  of  the  prepuce. 


be  shown  by  the  spectroscopic  examination  of  the  e 

and  the  web  of  the  fingers  (  Vierordl~). 

[Spectrum  of  Oxy haemoglobin. — In  the  spectrum  of  a  dilute  solution  of 
haemoglobiu  crystals  or  arterial  blood,  part  of  the  red  and  violet  rays  are 
absorbed,  but  two  well-marked  absorption -bands  exist  between  D  and  E. 
The  line  nearest  D,  i.e.,  next  the  red  end  of  the  spectrum,  sometimes  designated 
by  the  letter  (a)  is  narrow,  sharply  defined,  and  black  at  its  centre,  and  its 
position  corresponds  to  the  wave-length  579,  The  other  absorption- band  near 
E,  conveniently  designated  by  {p),  is  broader,  not  so  dark,  and  its  edges  are 
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less  sharpljr  defined.  Its  centre  corresponds  to  the  wave-length  555-8,  In 
very  dilute  solutions  the  a  band  is  the  only  one  visible.  In  a  strong  solution, 
as  shown  in  tig.  13,  the  two  bands  fuse,  but  are  again  made  visible  as  two  on 
dilution  of  the  blood.] 

[The  spectrum  necessarily  varies  with  the  concentration  of  the  solution.  Fig. 
34  shows  how  (he  absorption  bands  increase  with  increase  in  the  strength  of  the 
solution.  With  a  i  per  cent,  solution  all  the  spectrum  disappears,  with  the 
exception  of  the  extreme  red,  and  as  the  dilution  continues  we  see  successively 
the  orange,  green,  yellow,  blue,  indigo,  and  violet.  With  ,65  per  cent,  of 
HbO,  there  is  only  one  absorption-band.] 

Reduction  of  Oxyhamoglobin. — It  gives  up  its  O  very  readily,  however,  , 
even  when  means  which  set  free  absorbed  gases  are  used.  It  is  reduced  (i) 
by  the  removal  of  the  gases  by  the  air-pump,  (a)  by  the  conduction  through  its 
solution  of  other  gases  (CO),  and  (3),  by  heating  to  the  boiling-point.  In  the 
circulating  blood  its  O  is  very  rapidly  given  up  to  the  tissues,  so  that  in  suffo- 
cated animals  only  reduced  hctmoglobin  is  found  in  the  arteries.  Some  con- 
stituents of  the  serum  and  sugar  remove  its  0. 


Figs.  34  and  15. 
Fig.  24,  graphic  represmtstioii  of  the  specbnin  of  HbO,.    Fig.  35,  the  same  of  Hb,  showing  the 
amount  of  Bbisoiption  with  varying  MrcQgths  of  hiEmoglobiD,  the   thickness  of  the  fluid 
remaining  the  same.     The  numben  indicate  the  percentage  of  coloring  matter. 

Spectrum  of  reduced  Heemoglobin. — By  adding  to  a  solution  of  oxy- 
hsemoglobin  reducing  substances — e.g.,  ammonium  sulphide,  iron  filings,  or 
Stokes's  fluid  [tartaric  acid,  iron  proto-sulphate,  and  excess  of  ammonia] — the 
two  absorption -bands  of  the  spectrum  disappear,  and  reduced  heemoglobin 
(gas  free),  with  one  absorption-band,  is  formed.  The  color  changes  from 
a  bright  red  to  a  purplish  or  claret  tint.  The  two  bands  are  reproduced  by 
shaking  the  reduced  haemoglobin  with  air,  whereby  HbO,  is  again  formed. 
Solutions  of  oxyhemoglobin  are  readily  distinguished  by  their  scarlet  color 
from  the  purplish  lint  of  reduced  heemoglobin. 

[The  single  absorption -band  (fig.  23,  4),  designated  by  the  letter  (j-),  lying 
about  midway  between  the  position  of  the  two  previous  bands,  is  broader, 
fointer,  less  deeply  shaded,  and  its  centre  is  about,  but  not  quite,  intermediate 
between  D  and  E.  It  extends  between  the  wave-lengths  595  and  538,  and 
is  blackest  opposite  the  wave-length  550,  so  that  it  lies  nearer  D  than  E.  At 
the  same  time  more  of  the  blue  rays  are  transmitted.  On  dilution  the  band  is 
not  resolved  into  two,  but  simply  becomes  fainter  and  disappears.] 

S According  to   Hennann,  the  absorption-band  of  Hb  is  not 
ition  a  »ery  narrow  band  towards  the  red  end  of  the  specirun 
■bsoiption-band  by  a  very  small  interval.] 
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[Haemoglobin  has  certain  remarkable  characters :  ( i)  Although  it  is  a  crystal- 
loid body  it  diffuses  with  difficulty  through  an  animal  membrane,  owing  to  the 
large  size  of  its  molecule.  (2)  It  readily  combines  with  O  to  form  an  unstable 
and  loose  chemical  compound,  oxyhaemoglobin.  (3)  This  O  it  gives  up  readily 
to  the  tissues  or  other  deoxidizing  reagents.  (4)  Its  composition  is  very  com- 
plex, for,  in  addition  to  the  ordinary  elements  present  in  proteids,  it  contains  a 
remarkable  amount  of  iron  (0.4  per  cent).] 

If  a  string  be  tied  round  the  base  of  two  fingers  so  as  to  interrupt  the  circulation,  spectroscopic 
examination  shows  that  the  oxyhaemoglobin  rapidly  passes  into  reduced  Hb  ( Vierordt). 
Cold  delays  this  reduction ;  it  is  accelerated  in  youth,  during  muscular  activity,  or  by  suppressed 
respiration,  and  usually  also  during  fever. 

The  spectroscopic  examination  of  small  blood-stains  is  often  of  the  utmost  forensic  import- 
ance. A  minimal  drop  is  sufficient.  Dissolve  the  stain  in  a  few  drops  of  distilled  water,  and 
place  the  solution  in  a  thin  glass  tube  in  front  of  the  slit  of  the  spectroscope. 

Para-hsemoglobin. — If  HbO,  be  preserved  under  alcohol  it  passes  into  a  modified  form, 
which  is  insoluble  in  water  (Nencki  and  Sieber). 

2.  Methsemoglobin  is  a  more  stable,  crystalline  compound  {^Hoppe-SeyUr), 
It  contains  the  same  amount  of  O  as  HbO„  but  in  a  different  chemical 
union,  while  the  O  is  also  more  firmly  united  with  it.  It  shows  four  absorp- 
tion-bands like  haematin  in  acid  solution  (fi^.  23,  5),  of  which  that  between 
C  and  D  is  distinct ;  the  second  is  very  indistmct,  while  the  third  and  fourth 
readily  fuse,  so  that  these  last  two  bands  are  only  well  seen  with  good  apparatus. 

It  is  produced  spontaneously  in  old  brown  blood-stains,  in  the  crusts  of  bloody  wounds,  in  C3rsts 
with  sanguinolent  contents,  and  in  bloody  urine.  Chemically,  it  can  be  prepared  from  a  solution 
of  Hb  by  the  action  of  potassic  ferricyanide  (Jdderhoim)  or  potassic  chlorate  {Marchand)^  [or  by 
adding  to  a  solution  of  Hb  a  freshly-prepared  solution  of  potassic  permanganate,  by  nitro-benzol, 
azobenzol,  kairin,  sodium  nitrite,  pyrogallic  acid] ;  and  in  nonlaky  blood  by  alloxantin 
(Kowalewsky).  It  crystallizes  if  defibrinated  blood  is  shaken  with  amyl  nitrite  and  the  mahog- 
any-brown laky  fluid  be  allowed  to  evaporate  slowly  (Halliburton). 

If  a  trace  of  ammonia  be  added  to  a  solution  of  methaemoglobin,  it  gives  an  alkaline  solution 
of  methafmoglobin,  which  shows  two  bands  like  oxyhaemoglobin,  of  which  the  first  one  is  the 
broader,  and  extends  more  towards  the  red.  If  ammonium  sulphide  be  added  to  the  methaemo- 
globin solution,  reduced  Hb  is  formed. 

[Action  of  Nitrites. — The  addition  of  amyl  nitrite  dissolved  in  alcohol,  or 
sodic  or  potassic  nitrite  to  defibrinated  blood  causes  the  latter  to  assume  a 
chocolate  color,  which,  on  the  addition  of  ammonia,  changes  to  red.  The 
chocolate-colored  fluid  shows  one  well-defined  band  in  the  red,  and  less  dis- 
tinctly other  three  bands  like  methaemoglobin  (^Gamgee).'] 

[The  nitrites  therefore  form  a  compound  with  its  oxygen  more  firmly  fixed  than  the  O  in 
HbOj,  so  that  large  doses  of  nitrites  arrest  the  internal  respiration  and  are  poisonous.  It  is, 
however,  affected  by  the  products  formed  in  the  blood  during  asphyxia,  while  CO-Hb  is  not, 
the  methaemoglobin  formed  by  the  nitrites  is  reduced  by  these  products  to  Hb,  which  as  it 
passes  through  the  lungs  takes  up  O.] 

16.  CARBONIC  OXIDE -HiSMOGLOBIN,  POISONING 
WITH  CO. — 3.  CO-Hsemoglobin  is  a  more  stable  chemical  compound 
than  the  foregoing,  and  is  produced  at  once  when  carbonic  oxide  is  brought 
into  contact  with  pure  Hb  or  HbOj  {CI.  Bernard,  ^^57)-  ^^  ^^  ^^  intensely 
florid  ov  cherry-red  color,  is  not  dichroic,  and  its  spectrum  shows  two  absorp- 
tion-bands, very  like  those  of  HbOj,  but  they  are  slightly  closer  together  and 
lie  more  towards  the  violet  (fig.  23,  3).  Reducing  substances  which  act  upon 
HbOa,  e,g,y  ammonium  sulphide  or  Stokes's  fluid,  do  not  affect  these  bands, 
/.  e.j  they  cannot  convert  the  CO-Hb  into  reduced  Hb.  If  a  10  per  cent, 
solution  of  caustic  soda  be  added  to  a  solution  of  CO-Hb,  and  heated,  it  gives 
a  cinnabar-red  color;  while,  with  an  HbO^  solution,  it  gives  a  dark  brown, 
greenish,  greasy  mass.  Spectrum  analysis  and  the  soda  test  enable  one  to  dis- 
tinguish -j^  HbCO,  mixed  with  ^  HbO,.     Oxidizing  substances  [solutions  of 
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potassic  permanganate  (0.025  percent.),  potassic  chlorate  (5  percent.),  and 
dilute  chlorine  solution]  make  solutions  of  CO-Hb  cherry-red  in  color,  while 
they  turn  solutions  of  HbO,  pale  yellow.  After  this  treatment  both  solutions 
show  the  absorption-bands  of  methaemoglobin,  but  those  of  the  CO-Hb  appear 
considerably  later.  If  ammonium  sulphide  be  added,  HbO,  and  CO-Hb  are 
re-formed. 

Hb-CO  Reactions. — Modified  Soda  Test, — Dilate  the  blood  20  times  and  add  an  equal 
Tolome  of  caustic  soda  (S.  G.  1340)  {Salkowski).  [Dilute  I  c.cm.  HbCO  with  50  c.cm.  of 
water,  to  10  c.cm.  of  this  mixture  add  0.2  c.cm.  orange  colored  ammonium  sulphide  (2  grms.  of 
sulphur  are  added  to  100  c.cm.  yellow  ammonium  sulphide),  and  then  0.2  c.cm.  of  30  per  cent, 
acetic  acid.  The  HbCO  blood  becomes  bright  red,  while  normal  blood  becomes  greenish-gray 
(Katayamd).^ 

On  account  of  its  stability,  CO-Hb  resists  external  influences  and  even  putrefaction  for  a  long 
time,  and  the  two  bands  of  the  spectrum  may  be  visible  after  many  months.  Landois  obtained 
the  soda  test  and  spectroscopic  bands  in  the  blood  of  a  woman  poisoned  eighteen  months  pre- 
viously by  CO,  and  after  great  putre&ction  of  the  body  had  taken  place.  [Stirling  has  kept 
CO-Hb  in  a  stoppered  bottle  for  five  years  without  putrefaction  taking  place.] 

If  CO  or  air  containing  it  be  inspired,  it  gradually  displaces  the  O,  volume 
for  volume,  out  of  the  red  blood -corpuscles,  and  death  soon  occurs;  looo 
c.cm.  inspired  at  once  will  kill  a  man.  A  very  small  quantity  in  the  air  (x^nf 
jjf^)  suffices,  in  a  relatively  short  time,  to  form  a  large  quantity  of  CO-Hb. 
As  continued  contact  with  other  gases  (such  as  the  passing  of  O  through  it  for 
a  very  long  time)  gradually  separates  the  CO  from  the  Hb,  with  the  formation 
of  HbO,,  it  happens  that,  in  very  partial  poisoning  with  CO,  the  blood  grad- 
ually gets  rid  of  the  CO  by  the  respiratory  organs.  It  does  not  appear  that  any 
part  is  further  oxidized  into  CO,  in  the  organism.  [CO-haemoglobin,  being  a 
stable  compound  when  once  formed,  circulates  in  the  blood-vessels;  but  it 
neither  gives  up  oxygen  to  the  tissues,  nor  takes  up  oxygen  in  the  lungs,  hence 
its  very  poisonous  properties.  The  real  cause  of  death  in  animals  poisoned  with 
it  is,  that  the  internal  respiration  is  arrested.] 

Poisoning  with  Carbonic  Oxide. — Carbonic  oxide  is  formed  during  the  incomplete  com- 
bustion of  coal  or  coke,  and  passes  into  the  air  of  the  room,  provided  there  is  not  a  free  outlet 
for  the  products  of  combustion.  It  occurs  to  the  extent  of  12-28  per  cent,  in  ordinary  gas, 
which  largely  owes  its  poisonous  properties  to  the  presence  of  CO.  If  the  O  be  gradually  db- 
placed  from  the  blood  by  the  respiration  of  air  containing  CO,  life  can  only  be  maintained  as 
ion^  as  sufficient  O  can  be  obtained  fh)m  the  blood  to  support  the  oxidations  necessary  for  life. 
Death  occurs  before  all  the  O  is  displaced  from  the  blood.  CO  has  no  effect  when  directly  ap- 
plied to  muscle  and  nerve.  When  it  it  mixed  with  air,  as  in  coal-gas  poisoning,  and  inhaled, 
there  is  first  stimulation  and  afterwards  paralysis  of  the  nervous  system,  as  shown  by  the  symp- 
toms induced,  e.^.,  violent  headache,  great  restlessness,  excitement,  increased  activity  of  the 
heart  and  respiration,  salivation,  tremors,  and  spasms.  Later,  unconsciousness,  weakness,  and 
paralysis  occur,  labored  respiration,  diminished  heart-beat,  and  lastly,  complete  loss  of  sensibility, 
cessation  of  the  respiration  and  heart-beat,  and  death.  At  first  the  temperature  rises  several 
tenths  of  a  degree,  but  it  soon  falls  i^  or  more.  The  pulse  is  also  increased  at  first,  but  after- 
wards it  becomes  very  small  and  frequent.  In  poisoning  with  pure  CO  there  is  no  dyspnoea, 
but  sometimes  muscular  spasms  occur,  the  coma  not  being  very  marked.  There  is  also  tem- 
porary but  pronounced  paralysis  of  the  limbs,  followed  by  violent  spasms.  After  death  the 
heart  and  bn.ia  are  congested  with  intensely  florid  blood.  In  poisonine  with  the  vapor  of 
charcoal,  where  CO  and  COj  both  occur,  there  is  a  varying  degree  of  coma;  pronounced 
dyspnoea,  muscular  spasms  which  may  last  several  minutes,  gradual  paralysis  and  asphyxia, 
roonihform  contractions  and  subsequent  dilatation  of  the  blood-vessels,  with  congestion  of  various 
organs,  occur,  accompanied  by  a  fall  of  the  blood-pressure  {A7eh)f  indicating  initial  stimulation 
and  subsequent  paralysis  of  the  vaso-motor  centre.  This  also  explains  the  variations  in  the 
temperature  and  the  occasional  occurrence  of  sugar  in  the  urine  after  poisoning  with  CO.  After 
death,  the  blood-vessels  are  found  to  be  filled  with  fluid  blood  of  an  exqubitely  bright  cherry-red 
color,  while  all  the  muscles  and  viscera  and  exposed  parts  of  the  body  (such  as  the  lips)  have 
the  same  color.  The  brain  is  soft  and  friable ;  there  is  catarrh  of  the  respiratory  organs  and 
degeneration  of  the  muscles,  and  great  congestion  and  degeneration  of  the  liver,  kidneys,  and 
spleen.  The  spots  of  \iv\6\ty,  ^ost-morf em,  are  bright  red.  After  recovery  from  poisoning  with 
CO  there  may  be  paraplegia  and  (although  more  rarely)  disturbances  of  the  cerebral  activity. 
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17.  OTHER  COMPOUNDS  OF  H-ffiMOGLOBIN— 4.  Nitric 
Oxide-Haemoglobin  (NO-Hb)  is  formed  when  NO  is  brought  into  contact 
with  Hb  (Z.  Hermann), 

As  NO  has  a  great  affinity  for  O,  red  fumes  of  nitrogen  peroxide  (NO^)  being  formed  when- 
ever the  two  gases  meet,  it  is  clear  that,  in  order  to  prepare  NO>Hb,  the  O  must  first  be  removed. 
This  may  be  done  by  passing  H  through  it  [or  ammonia  may  be  added  to  the  blood,  and  a  stream 
of  NO  passed  through  it ;  the  ammonia  combines  with  all  the  acid  formed  by  the  union  of  the 
NO  with  the  O  of  the  blood].  NO-Hb  is  a  more  stable  chemical  compound  than  CO-Hb,  which, 
as  we  have  seen,  is  again  more  stable  than  HbO,.  It  has  a  bluish-violet  tint,  and  also  gives 
two  absorption-bands  in  the  spectrum  similar  to  tnose  of  the  other  two  compounds,  but  not  so 
intense.  These  bands  are  not  abolished  by  the  action  of  reducing  agents.  As  NO-Hb  cannot 
be  formed  in  the  body,  it  has  no  practical  significance. 

The  three  compounds  of  Hb,  with  O,  CO,  and  NO,  are  crystalline,  like 
reduced  Hb ;  they  are  isomorphous,  and  their  solutions  are  not  dichroic. 
All  three  gases  unite  in  equal  volumes  with  Hb.  If  O  be  conducted  through  a 
concentrated  solution  of  Hb  devoid  of  gases,  a  crystalline  mass  of  HbOj  is 
thereby  readily  formed. 

5.  Cyanogen,  CNH  {Hoppe-Seyler),  and  acetylene,  CjH^  {Bristow  and  Liebreich)^  form 
easily  decomposable  compounds  with  Hb.  The  former  occurs  in  poisoning  with  hydrocyanic 
acid,  and  has  a  spectrum  nearly  identical  with  that  of  HbO^,  and,  like  HbO,,  it  b  reduced,  but 
very  slowly,  by  special  reagents.  [The  existence  of  these  compounds  is,  however,  highly  doubt- 
ful {^Gamgee)S\ 

18.  DECOMPOSITION  OF  H-ffiMOGLOBIN.— In  solution  and  in 
the  dry  state  Hb  gradually  becomes  decomposed,  whereby  the  iron-containing 
pigment'  haematin  (along  with  certain  bye-products,  formic,  lactic,  and  butyric 
acids),  is  formed.  Haemoglobin,  however,  may  be  decomposed  at  once  into — 
(i)  Hsematin,  a  body  containing  iron,  and  (2)  a  colorless  proteid  closely 
related  to  globulin ;  by  {a)  the  addition  of  all  acids,  even  by  COj  in  the 
presence  of  plenty  of  water ;  (JH)  strong  alkalies;  (c)  all  reagents  which  coagu- 
late albumin,  and  by  heat  at  70^-80°  C. ;  {d)  by  ozone. 

(A)  Hsematin,  Ca,Hj«N4Fe04  {Nencki  and  Sieber)^  is  a  bluish-black  amor- 
phous body,  which  forms  about  4  per  cent,  of  haemoglobin  (dog).  It  is  in- 
soluble in  water,  alcohol,  and  ether ;  soluble  in  dilute  alkalies  and  acids,  and 
in  acidulated  ether  and  alcohol. 

(i)  Acid  Hsematin. — Lecanu  extracted  it  from  dry  blood  corpuscles  by 
using  alcohol  containing  sulphuric  and  tartaric  acids.  [If  acetic  acid  be  added 
to  a  solution  of  Hb  and  slightly  heated,  a  mahogany-brown  fluid  is  obtained, 
containing  hcematin  in  acid  solution,  which  gives  a  spectrum  with  one  absorp- 
tion-band to  the  red  side  of  D  near  C  (fig.  23,  5).  There  is  at  the  same 
time  a  considerable  absorption  of  the  blue  end  of  the  spectrum.  If  an  ethereal 
extract  of  the  acid-haematin  be  made,  the  ether  is  colored  brown  and  shows 
four  absorption-bands,  as  in  fig.  23,  5.] 

(2)  Alkali-hsematin. — [If  to  the  above  solution  ammonia  or  caustic  soda 
be  added,  on  heating  gently,  the  color  changes  and  the  fluid  becomes  dichroic, 
showing  a  greenish  tinge.  On  mixing  the  solution  thoroughly  with  air  the 
spectrum  of  oxy-alkali-haematin  is  obtained,  /.  ^.,  one  absorption-band  just 
to  the  red  side  of  D  (fig.  23,  6),  so  that  it  is  much  nearer  D  than  the  corre- 
sponding band  of  acid-haematin.  Much  of  the  blue  end  of  the  spectrum  is 
absorbed  as  well.] 

[(3)  Reduced  Alkali-hsematin  or  Hsemochromogen. — If  the  solution 
of  alkali-haematin  be  reduced  by  ammonium  sulphide,  the  spectrum  of  haemo- 
chromogen  is  obtained,  viz.,  tvvo  absorption-bands  between  D  and  E,  but 
they  are  nearer  the  violet  end  than  in  the  case  of  HbO^  and  Hb-CO  {^\g, 

23»  7)-] 


Sec.  18.]  HiEMIN   AND    BLOOD   TESTS.  3 1 

[(4)  Hsematoporphyrin  or  Iron-free  Hsematin. — On  adding  blood  to 
concentrated  sulphuric  acid  a  clear  purplish-red  solution  is  obtained,  which 
shows  t^T^o  absorption-bands,  one  close  to  and  on  the  red  side  of  D,  and  a 
second  half-way  between  D  and  £.  If  water  be  added  a  brown  precipitate  is 
thrown  down.  When  this  precipitate  is  dissolved  in  caustic  soda,  it  gives  a 
fluid  which  shows y^r  absorption-bands.] 

Action  of  CO,. — If  CO,  be  passed  through  a  solution  of  oxyhaemoglobin  for  a  considerable 
time,  reduced  Hb  is  first  formed ;  but  if  the  process  be  prolonged  the  Hb  is  decomposed,  a  pre- 
cipitate of  globulin  is  thrown  down,  and  an  absorption-band,  similar  to  that  obtained  when  Hb 
a  decomposed  with  adds,  is  observed  (p.  30). 

An  alkaline  solution  of  hsematin,  when  reduced  by  tin  and  hydrochloric  acid, 
yields  urobilin  (compare  §  261). 

When  hsem(^lobin  is  extravasated  into  the  subcutaneous  tissue,  it  becomes  so  altered  that  at 
first  hsematoidin  ({  20),  and  ultimately  hydrated  oxide  of  iron,  appear  in  its  place. 

19.  H^MIN  AND  BLOOD  TESTS.— In  1853  Teichmann  prepared 
crystals  of  hsemin  from  blood,  which  Hoppe-Seyler  showed  to  be  chloride 
of  hsematin  (Haematin,  -f  2HCI),  with  the  formula  C82H8iClN4Fe08  {Nencki 
and  Sieber),  The  presence  of  these  crystals  is  used  as  a  test  for  blood-stains  or 
blood  in  solution.  They  (fig.  26)  are  prepared  by  adding  a  small  crystal  of 
common  salt  to  dry  blood  on  a  glass  slide,  and  then  an  excess  of  f^laciai  acetic 
acid  ;  the  whole  is  gently  heated  until  bubbles  of  gas  are  given  off.  On  allow- 
ing the  preparation  to  cool,  the  characteristic  hsemin  crystals  are  obtained. 

Characters. — When  well  formed,  the  crystals  are  small  microscopic  rhombic 
plates,  or  rods  ;  sometimes  they  are  single — at  other  times  they  are  aggregated 
in  groups,  often  crossing  each  other  (fig.  26).  Some  kinds  of  blood  (ox  and 
pig)  yield  very  irregular,  scarcely  crystalline,  masses.  The  crystalline  forms  of 
haemin  are  identical  in  all  the  different  kinds  of  blood  that  have  been  examined. 
They  are  doubly  refractive ;  under  the  polarization  microscope  they  are  a 
glancing  yellow,  appearing  raised  on  the  dark  field,  with  a  strong  absorption  of 
the  light  parallel  to  the  long  axis  of  the  crystals  (JFalk  and  Morache).  They 
are  pie o- chromatic  :  by  transmitted  light  they  are  mahogany-brown,  and  by 
reflected  light  bluish-black,  glancing  like  steel. 

(i)  Preparation  from  Dry  Blood-Stains. — Place  a  few  particles  of  the  blood-stain  on  a 
glass  slide,  add  2  to  3  drops  of  glacial  acetic  acid  and  a  small  crystal  of  common  salt ;  cover 
with  a  cover-glass,  and  heat  gently  over 
the  flame  of  a  spirit-lamp  until  bubbles  of 
gas  are  given  off.  On  cooling,  the  ays- 
tals  appear  in  the  preparation  (fig.  26). 

(2)  Prom  Stains  on  Porous  Bodies. 
— The  stained  object  (cloth,  wood,  blot- 
ting-paper, earth)  is  extracted  with  a 
small  quantity  of  dilute  caustic  potash, 
and  afterwards  with  water  in  a  watch- 
glass.  Both  solutions  are  carefully  fil- 
tered, and  tannic  acid  and  glacial  acetic 
add  are  added  until  an  acid  reaction  is 
obtained.  The  dark  precipitate  which  is 
formed  is  collected  on  a  filter  and  washed. 

A  small  part  of  it  is  placed  on  a  micro-  p.     ^ 

scope  slide  a  pnale  of  conmion  salt  is        „      ;  ,  %^ ;  2,  seal ;  3.  calf; 

«lded,  «.d  the  whole  dr«d ;  the  dry  J^        ,      ^'    ^     j^'     '     ^^it. 

Stain  IS  treated  as  in  (i )  \Struwi),  •»»  f •& >  j»  »     »  r      »  / » 

(3)  From  Fluid  Blood. — Dry  the  blood  slowly  at  a  low  temperature,  and  proceed  as  in  (i). 

(4)  From  Dilute  Solutions  of  Haemoglobin. — (a)  Struwe's  Method. — Add  to  the  fluids 
ammonia,  tannic  acid,  and  afterwards  glacial  acetic  acid,  until  it  is  acid ;  a  black  precipitate  of 
tannate  of  hsematin  is  thrown  down.  This  is  isolated,  washed,  dried,  and  treated  as  in  (i),  but 
instead  of  NaCl  a  granule  of  ammonium  chloride  is  added. 
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Haeniin  crystals  may  sometimes  be  prepared  from  putrefying  or  lake-colored 
blood,  but  they  are  very  small,  and  the  test  often  fails.  When  mixed  with  iron- 
rust,  as  on  iron  weapons,  the  blood-crystals  are  generally  not  formed.  In  such 
cases,  scrape  off  the  stains  and  boil  them  with  dilute  caustic  potash.  If  blood 
be  present,  the  dissolved  haematin  forms  a  fluid,  which  in  a  thin  layer  is  green, 
in  a  thick  layer  red  {If.  Rose), 

Hsemin  crystals  have  been  prepared  from  all  classes  of  vertebrates  and  from  the  blood  of  the 
earth-worm.     From  the  blood  of  the  ox  and  pig  they  may  be  almost  amorphous. 

Chemical  Characters. — They  are  insoluble  in  water,  alcohol,  ether,  chloroform ;  but  con- 
centrated H2SO4  dissolves  them,  expelling  the  HCl,  and  giving  a  violet-red  color.  Ammonia 
also  dissolves  them,  and  if  the  resulting  solution  be  evaporated,  heated  to  130^  C,  and  treated 
with  boiling  water  (which  extracts  the  ammonium  chloride),  hsematoporphyrin — identical  with 
Mulder's  iron-free  hsematoin,  and  with  Freyer's  haematoin,  is  obtained  (jF/oppe-Seyler),  It  is 
a  bluish-black  substance,  which  on  being  pounded  forms  a  brown  and  amorphous  powder.  Its 
solutions  in  caustic  alkalies  are  dichroic ;  in  reflected  light  brownbh-red ;  in  transmitted  light, 
in  a  thick  stratum,  red — in  a  thin  one,  olive  green.  The  acid  solutions  are  monochromatic  and 
brown. 

Preparation  in  Bulk. — To  obtain  it  in  quantity,  heat  dried  horse's  blood  with  10  parts  of 
formic  acid.  If  the  crystals  be  suspended  in  methyl  alcohol,  on  adding  iodine  and  heating  them 
they  dissolve  with  a  purple  color;  after  adding  bromine,  brown  ;  and  after  passing  chlorine  gas, 
green ;  all  these  give  a  characteristic  spectrum  {AxenfelcC). 

The  glacial  acetic  acid  may  be  replaced  by  oxalic  or  tartaric  acid,  the  common  salt  by  salts  of 
iodine  or  bromine ;  in  the  latter  case  similar  bromine-  or  iodine-haematin  is  formed  {^Bikfalvi), 

20.  H^MATOIDIN. — Virchow  discovered  this  important  derivative  in 
haemoglobin.  It  occurs  in  the  body  wherever  blood  stagnates  outside  the  cir- 
culation, and  becomes  decomposed — as  when  blood  is  extravasated  into  the 
tissues — e,g,,  the  brain — in  solidified  blood-plugs  or  thrombi,  especially  in 
veins ;  invariably  in  the  Graafian  follicles.  It  contains  no  iron  (CajHjeN^Oe), 
and  crystallizes  in  clino-rhombic  prisms  (fig.  27)  of  a  yellowish-brown  color. 
It  is  soluble  in  warm  alkalies  and  chloroform.  Very  probably  it  is  identical 
with  the  bile  pigment — bilirubin.  [When  acted  upon  by  impure  nitric  acid 
(Gmelin's  reaction),  it  gives  the  same  play  of  colors  as  bile.] 

Pathological. — In  cases  where  a  large  amount  of  blood  has  undergone  solution  within  the 
blood-vessels  (as  by  injecting  foreign  blood)  hsematoidin  crystals  have  been  found  in  the  urine. 
For  their  occurrence  in  the  urine  in  jaundice  (J  180),  and  in  the  sputum  (J  138). 

21.  (B.)  THE  COLORLESS  PROTEID  OF  HEMOGLOBIN.— 

It  is  closely  related  to  globulin ;  but  while  the  latter  is  precipitated  by  all 

acids,  even  by  CO2,  and  re-dissolved  on  passing  O 
through  it,  the  proteid  of  haemoglobin,  on  the  other 
hand,  is  not  dissolved  after  precipitation  on  passing 
through  it  a  stream  of  O. 


As  crystals  of  haemoglobin  can  be  decolorized  under  special, 
circumstances,  it  is  probable  that  these  owe  their  crystalline  form 
to  the  proteid  which  they  contain.  Landois  placed  crystals  of 
haemoglobin  along  with  alcohol  in  a  dialyser,  putting  ether  acidu- 
lated  with  sulphuric  acid  outside,  and  thereby  obtained  colorless 
crystals.  [If  frog's  blood  be  sealed  up  on  a  microscopic  slide 
along  with  a  few  drops  of  water  for  several  days,  long  colorless 
acicular  crystals  are  developed  in  it  {Siiriing  and  Brito).'] 

22.  II.  PROTEIDS  OF  THE  STROMA.— Dry  red  human  blood- 
corpuscles  contain  from  5. 10-12. 24  percent,  of  these  proteids,  but  little  is 
known  about  them  {/Udell),  One  of  them  is  globulin,  which  is  combined 
with  a  body  resembling  nuclein  {Wooldridge),  and  traces  of  a  diastatic  fer- 
ment {v,  Wittich),     The  stroma  tends  to  form  masses  which  resemble  fibrin. 

L.  Brunton  found  a  body  resembling  mucin  in  the  nuclei  of  red  blood-corpuscles,  and  Miescher 
detected  nuclein  ({  250,  2). 
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[Stromata  of  the  Red  Corpuscles. — When  mammalian  red  blood- corpuscles  are  treated 
witk  water — or  other  reagents,  such  as  dilute  acids,  ether,  etc. — the  80  or  90  per  cent,  of  haemo- 
globin which  they  contain  is  dissolved  out  from  the  corpuscles,  and  the  colorless  less  soluble  part 
which  remains  is  called  the  *'  stroma."  The  stromata  retain  somewhat  the  shape  of  the  origi- 
nal corpuscles,  and  are  comp)05ed  of  proteid,  lecithin,  cholesterin,  and  inorganic  salts  (chiefly 
potassium  phosphate).] 

[The  stromata  are  obtained  by  treating  defibrinated  blood  with  a  very  large  volume  of  i  per 
cent,  sodic  chloride.  The  proteidscan  be  extracted  fi-om  the  stromata  with  various  saline  media, 
t.g..  Na2S04  (half-saturated),  NaCl  (5  per  cent.),  MgSO^  (5  per  cent.). 

The  saline  extract  contains  abundance  of  what  Halliburton  calls  cell-globulin — a  globulin 
that  in  heat -coagulation  temperature,  precipitability  by  salts  and  other  reagents,  and  in  ferment 
activity  resembles  the  proteid  called  cell-globulin  derived  from  Ijrmph  cells  or  white  blood-corpus- 
cles (p.  34),  so  that  stroma-globulin  and  cell-globulin  are  probably  identical.  Cell-Albumin  is 
either  absent  or  only  present  in  minute  traces,  nor  does  nuclein  or  nucleo-albumin  appear  to  be 
present,  while  the  albumoses  and  peptones  are  certainly  absent.] 

[The  proteid  cell  globulin  has  fibrino-plastic  properties,  1.  ^.,  it  can  cause  the  formation  of  Bbrin 
to  take  place  in  a  suitable  fluid,  e.  g.,  hydrocele  and  pericardial  fluid,  but  it  is  not  decided  whether 
the  cell-globulin  and  fibrin-ferment  are  identical,  or  merely  in  close  relationship  with  one  another, 
the  balance  of  evidence,  however,  being  in  favor  of  the  former  view  {^Halliburton). 

There  is  thus  seen  to  be  a  very  great  difference  between  the  proteids  of  the  colored  and  the 
colorless  corpuscles  (p.  34),  a  matter  of  some  importance  in  connection  with  the  views  one  may 
hold  regarding  the  true  cellular  nature  of  the  colored  corpuscles.] 

23.  OTHER  CONSTITUENTS  OF  RED  BLOOD-CORPUS- 
CLES. — III.  Lrecithin  (0.35-0.72  per  cent.)  in  dry  blood-corpuscles  (§  250, 
2).     Cholesterin  (0.25  per  cent.)  (§  250,  III),  no  Fats. 

Lecithin  is  regarded  as  a  glycerin -phosphate  of  neurin,  in  which,  in  the  radical  of  gly- 
cerin-phosphoric acid,  two  atoms  of  H  are  replaced  by  two  molecules  of  the  radical  of  stearic 
acid.     By  gentle  heat  glycerin -phosphoric  acid  is  split  up  into  glycerine  and  phosphoric  acid 

(J  250). 

These  substances  are  obtained  by  extracting  old  stromata  or  isolated  blood-corpuscles  with 
ether.  When  the  ether  evaporates,  the  characteristic  globular  forms  ("  myelin-forms ")  of 
lecithin  and  crystals  of  cholesterin  are  recognized.  The  amount  of  lecithin  may  be  determined 
from  the  amount  of  phosphorus  in  the  ethereal  extract. 

IV.  Water  (681.63  per  1000 — C,  Schfnidt). 

V.  Salts  (7.28  per  1000),  chiefly  comp>ounds  oi  potash  and  phosphoric  acid ; 
the  phosphoric  acid  is  derived  only  from  the  burned  lecithin  ;  while  the  greater 
part  of  the  sulphuric  acid  is  derived  from  the  burning  of  the  haemoglobin  in 
the  analysis. 

Analjrsis  of  Blood. — 1000  parts,  by  weight,  of  horse's  blood  contain : — 

344.18  blood-corpuscles  (containing  about  128  per  cent,  of  solids). 
655.82  plasma  (containing  about  10  per  cent  of  solids). 

1000  parts,  by  weight,  of  moist  blood-corpuscles  contain  : — 

Solids, 367.9  (pig);    400.1  (ox). 

Water, 632.1      "         599-9    " 

The  solids  are  : — 

Pig.  Ox. 

Haemoglobin, 261  280.5 

Protei<S, 86.1  107 

Lecithin,  Giolesterin,  and  other  Organic  Bodies,   .    12.0  7.5 

Inorganic  salts, 8.9  4.8 

f  Potash 5.543  0.747 

Magnesia, 0.158  0.017 

Including  -j  Chlorine, 1.504  1.635 

I   Phosphoric  Acid, 2.067  0.703 

[  Soda, o  2.093  {^f*^if)- 

[An  approximate  estimate  of  the  composition  of  human  blood  is  given  in 
the  following  table  : — 
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Composition  of  Human  Blood  as  a  Whole. 

Water, 780 

Solids — of  these — 

Haemoglobin, 134 

Serum-albumin,    > 

Serum-globulin,    1 ' 

Fibrin  of  Clot  (?  Fibrinogen),    ...  ....      2.2  J-  220 

Inorganic  Salts  (of  serum), 6.0  * 

Extractives, 6.2 

Fatty  matters, 1.4 

Gases,  O,  CO,,  N.] 
Moist  red  blood-corpuscles  contain  30-40  per  cent,  of  solids  and  70-60  per  cent,  of  water. 
Of  the  dry  solids  of  the  red  corpuscles  at  least  90  per  cent,  is  haemoglobin,  8  proteid  matter,  and 
2  other  substances.] 

24.  CHEMICAL  COMPOSITION  OF  THE  WHITE  CORPUS- 
CLES.— Investigations  have  been  made  on  pus  cells  (Jdiescher)^  which  closely 
resemble  colorless  blood-corpuscles.  They  contain  several  proteids ;  alkali- 
albuminate,  a  proteid  which  coagulates  at  48°  C,  an  albuminate  resembling 
myosin,  paraglobulin,  peptone,  and  a  coagulating  ferment ;  nuclein  in  the 
nuclei  (§  250,  2),  glycogen  (§  252),  lecithin,  cerebrin,  cholesterin,  and  fat. 

100  parts,  by  weight,  of  dry  pus  contain  the  following  Salts : — 


Earthy  Phosphates, 0.416 

Sodic  Phosphate, 0.606 


Potash, 0.201 

Sodic  Chloride, 0.143 


[Proteids  of  the  white  corpuscles. — Halliburton  used  the  lymph-corpuscles  of  lymphatic 
glands,  from  which  the  proteids  were  dissolved  out  by  a  partially  saturated  solution  of  sodium 
sulphate.     These  cells  contain  : — 

(i)  Cell-globulin  a,  in  small  quantity.     It  coagulates  at  48^-50^  C. 

(2J  Cell-globulin  /3,  in  large  quanti^,  and  is  either  identical  with  or  closely  associated  with 
the  hbrin  ferment.     It  coagulates  in  5  per  cent.  MgSO^  solution  at  75®  C. 

(3^  Cell-albumin,  which  coagulates  at  73°  C. 

(4)  Mucin-like  body  {Miescher)^  and  called  hyaline  substance  by  Rovida.  It  is,  however,  not 
mucin,  is  rich  in  phosphorus,  and  yields  nuclein  on  gastric  digestion,  in  addition  to  albumoses 
and  peptones,  so  that  it  belongs  to  the  class  of  nucleo-albumins. 

(5)  If  the  cells  be  not  examined  when  they  are  quite  fresh,  they  become  acid  from  the  forma- 
tion of  sarcolactic  acid,  and  the  proteolytic  action  of  a  ferment  (pepsin  ?)  found  in  the  cell, 
comes  into  play  with  the  subsequent  formation  of  albumoses  and  peptones. 

The  foregoing  list  of  proteids  may  be  taken  as  those  present  in  a  typical  cell  and  in  protoplasm 
generally.] 

25.  BLOOD-PLASMA  AND  ITS  RELATION  TO  SERUM.— 

The  unaltered  fluid  in  which  the  blood -corpuscles  float  is  called  blood-plasma, 
or  liquor  sanguinis.  This  fluid,  however,  after  blood  is  withdrawn  from  the 
vessels,  rapidly  undergoes  a  change,  owing  to  the  formation  of  a  solid  fibrous 
substance — fibrin.  After  this  occurs,  the  new  fluid  which  remains  no  longer 
coagulates  spontaneously  (it  is  plasma,  minus  the  fibrin-factors),  and  is  called 
blood-serum.  Apart  from  the  presence  of  the  fibrin-factors,  the  chemical 
composition  of  plasma  and  serum  is  the  same. 

When  blood  coagulates,  Table  I  shows  what  takes  place,  while  Table  II 
shows  what  occurs  when  it  is  beaten : — 

I.  II. 

Coagulation.  When  beaten. 

Blood.  Blood. 


Plasma.  Corpuscles.  j  ■  Plasma.  Corpuscles. 


Serum.  Fibrin-iactors. 


Blood-dot. 


Fibrin-fiictors.  Senun. 


Fibrin.  Defibrinated  blood. 
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Plasma  is  a  clear,  transparent,  slightly  thickish  Huid,  which,  in  most  animals 
(rabbit,  ox,  cat,  dog),  is  almost  colorless ;  in  man  it  is  yellow,  and  in  the  horse 
citron  yellow. 

26.  PREPARATION  OF  PLASMA.— (A)  Without  Admixture- 
Taking  advantage  of  the  fact  that  plasma,  when  cooled  to  o®  outside  the  body, 
does  not  coagulate  for  a  considerable  time,  Briicke  prepares  the  plasma  thus : 
The  blood  of  the  horse  (because  it  coagulates  slowly,  and  its  corpuscles  sink 
rapidly  to  the  bottom)  is  received,  as  it  flows  from  an  artery,  into  a  tall  narrow 
glass,  placed  in  a  freezing-mixture,  and  cooled  to  o®.  The  blood  remains  fluid, 
the  colored  corpuscles  subside  in  a  few  hours,  while  the  plasma  remains  above 
as  a  clear  layer,  which  can  be  removed  with  a  cooled  pipette.  If  this  plasma 
be  then  passed  through  a  cooled  filter,  it  is  robbed  of  all  its  colorless  corpuscles. 
[Burdon-Sanderson  uses  a  vessel  consisting  of  three  concentric  compartments — 
the  outer  and  inner  contain  ice,  while  the  blood  is  caught  in  the  central  com- 
partment, which  does  not  exceed  half  an  inch  in  diameter.]  The  quantity  of 
plasma  may  be  roughly  (but  only  roughly)  estimated  by  using  a  tall,  graduated 
measuring-glass.  If  the  plasma  be  warmed,  it  soon  coagulates  (owing  to  the 
formation  of  the  fibrin),  and  passes  into  a  trembling  jelly.  If,  however,  it  be 
beaten  with  a  glass  rod,  the  fibrin  is  obtained  as  a  white  stringy  mass,  adhering 
to  the  rod.  The  quantity  of  fibrin  in  a  given  volume  of  plasma  is  very  small 
{p.  2fi)>  although  it  varies  much  in  different  cases. 

(B)  With  Admixture. — Blood  flowing  from  an  artery  is  caught  in  a  tall 
vessel  containing  |  of  its  volume  of  a  concentrated  solution  of  sodic  sulphate 
{Hewscn) — or  in  a  25  per  cent,  solution  of  magnesic  sulphate  (i  vol.  to  4  vols, 
blood — Simmer) — or  i  vol.  blood  with  2  vols,  of  a  4  per  cent,  solution  of 
monophosphate  of  potash  (^Masid),  When  the  blood  is  mixed  with  these  fluids 
and  put  in  a  cool  place,  the  corpuscles  subside,  and  the  clear  stratum  of  plasma 
mixed  with  the  salts  may  be  removed  with  a  pipette.  [The  plasma  so  obtained 
is  called  **  salted  plasma."]  If  the  salts  be  removed  by  dialysis,  coagulation 
occurs ;  or  it  may  be  caused  by  the  addition  of  water  {/oh.  MUller),  Blood 
which  is  mixed  with  a  4  per  cent,  solution  of  common  salt  does  not  coagulate,  so 
that  it  also  may  be  used  for  the  preparation  of  plasma.  [For  frog's  blood 
Johannes  Miiller  used  a  J^  per  cent,  solution  of  cane-sugar,  which  permits  the 
corpuscles  to  be  separated  from  the  plasma  by  filtration.  The  plasma  mixed 
with  the  sugar  coagulates  in  a  short  time.] 

27.  COAGULATION  OF  THE  BLOOD.-FIBRIN. -[Blood  within 
the  living  body  is  fluid,  and  when  first  shed  it  remains  so  for  a  short  time.  After 
a  brief  interval  it  becomes  viscid,  and  then  the  whole  mass  becomes  solid,  clots,  or 
coagulates,  forming  a  complete  jelly,  so  that  at  first  the  whole  mass  can  be 
emptied  out  of  the  vessel  in  which  it  has  set,  and  forms  a  mould  having  the  shape 
of  the  vessel.    The  coagulation  is  due  to  the  formation  of  a  body  called  fibrin.] 

General  Characters. — Fibrin  is  that  substance  which,  becoming  solid  in 
shed  blood,  in  plasma  and  in  lymph  causes  coagulation  of  these  fluids.  In 
these  fluids,  when  left  to  themselves,  fibrin  is  formed,  consisting  of  innumerable, 
excessively  delicate,  closely-packed,  microscopic,  doubly  refractive  fibrils,  (fig. 
9,  E).  These  fibrils  entangle  the  blood-corpuscles  as  in  a  spider's  web,  and 
form  with  them  a  jelly-like  solid  mass  called  the  blood-clot,  crassamentum, 
or  placenta  sanguinis.  At  first  the  clot  is  very  soft,  and  after  the  first  2  to 
15  minutes  a  few  fibres  may  be  found  on  its  surface;  these  may  be  removed 
with  a  needle,  while  the  interior  of  the  clot  is  still  fluid.  The  fibres  ultimately 
extend  throughout  the  entire  mass,  which,  in  this  stage,  has  been  called  cruor. 
After  from  12  to  15  hours  the  fibrin  contracts,  or  at  least  shrinks  more  and 
more  closely  roimd  the  corpuscles,  and  a  fairly  solid,  trembling,  jelly-like 


36  COAGULATION  OF  THE  BLOOD.  [SCC.  27. 

clot,  which  can  be  cut  with  a  knife,  is  formed.  During  this  time  the  clot  takes 
the  shape  of  the  vessel  in  which  the  blood  coagulates,  and  expresses  from  its 
substance  a  fluid — the  blood -serum.  Fibrin  may  be  obtained  by  washing 
away  the  corpuscles  from  the  clot  with  a  stream  of  water. 

Crusta  Phlogistica. — If  the  corpuscles  subside  very  rapidly,  and  if  the 
blood  coagulates  slowly,  the  upper  stratum  of  the  clot  is  not  red,  but  only  yel- 
lowish, on  account  of  the  absence  of  colored  corpuscles.  This  is  regularly  the 
case  in  horse's  blood,  and  in  human  blood  it  is  observed  especially  in  inflamma* 
tions ;  hence  this  layer  has  been  called  crusta  phlogistica.  Such  blood  con- 
tains more  fibrin,  and  so  coagulates  more  slowly. 

The  crusta  is  formed  under  other  circumstanes,  e.  g.^  with  increased  sp.  gr.  of  the  corpuscles, 
or  diminished  sp.  gr.  of  the  plasma  (as  in  hydraemia  and  chlorosis),  whereby  the  corpuscles  sink 
more  rapidly,  and  also  during  pregnancy.  The  taller  and  narrower  the  glass,  the  thicker  is 
the  crusta  (compare  {  41).  The  upper  end  of  the  clot,  where  there  are  few  corpuscles,  shrinks 
more,  and  is  therefore  smaller  than  the  rest  of  the  clot.  This  upper,  lighter-colored  layer  is 
called  the  **  buffy  coat "  ;  but  it  gradually  passes  both  in  size  and  color  into  the  normal  dark- 
colored  clot.  [Sometimes  the  upper  surface  of  the  clot  is  concave  or  *•  cupped."  The  older 
ph3rsicians  aUached  great  importance  to  this  condition,  and  also  to  the  occurrence  of  the  buffy 
coat] 

Defibrinated  Blood. — If  freshly-shed  blood  be  beaten  or  whipped  with  a 
glass  rod,  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  or  twigs  in 
the  form  of  a  solid,  fibrous,  yellowish-white,  elastic  mass,  and  the  blood  which 
remains  is  called  ^^  defibrinated  blood**  (p.  35.)  [The  twigs  and  fibrin  must  be 
washed  in  a  stream  of  water  to  remove  adhering  corpuscles.] 

Coagulation  of  Plasma. — Plasma  shows  phenomena  exactly  analogous, 
save  that  the  clot  is  not  so  well  marked,  owing  to  the  absence  of  the  resisting 
corpuscles ;  there  is,  however,  always  a  soft  trembling  jelly  formed  when  plasma 
coagulates.  [In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he 
found  that  the  plasma  coagulated — fibrin  being  formed,  so  that  he  showed 
coagulation  to  be  due  to  changes  in  the  plasma  itself  (§  29).] 

Properties  of  Fibrin. — Although  the  fibrin  appears  voluminous,  it  only 
occurs  to  the  extent  of  0.2  per  cent.  (o.  i  to  0.3  per  cent.)  in  the  blood.  The 
amount  varies  considerably  in  two  samples  of  the  same  blood.  It  is  insoluble  in 
water  and  ether ;  alcohol  shrivels  it  by  extracting  water ;  dilute  hydrochloric  acid 
0.1  per  cent.)  causes  it  to  swell  up  and  become  clear,  and  changes  it  into 
syntonin  or  acid-albumin  (§  249,  III).  When  fresh,  it  has  a  grayish-yellow 
fibrous  appearance,  and  is  elastic  ;  when  dried,  it  is  horny,  transparent,  brittle, 
and  friable. 

When  fresh  it  dissolves  in  6-8  per  cent  solution  of  sodium  nitrate  or  sulphate,  in  dilute 
alkalies,  and  in  ammonia,  thus  forming  alkali -albuminate.  Heat  does  not  coagulate  these 
solutions.  [It  is  also  soluble  in,  or  rather  decomposed  by,  5-10  per  cent,  solutions  of  neutral 
salts,  e.g.y  NaCl,  yielding  two  fibro-globulins  {^Green).']  Hydric  peroxide  is  rapidly  decomposed 
by  fibrin  into  water  and  O  ( Thinard),  Fibrin  which  has  been  exposed  to  the  air  for  a  long^ 
time  is  no  longer  soluble  in  solution  of  potassic  nitrate,  but  in  neurin  {Mauthner),  During 
putrefaction  it  passes  into  solution,  albumin  being  formed.  Fibrin  contains,  entangled  in  it, 
ferric,  calcic,  and  magnesic  phosphates,  and  calcium  sulphate,  whose  origin  b  unknown.  [The 
ash  of  fibrin  contains  .88  to  .95  per  cent,  of  calcic  phosphate.] 

Time  for  Coagulation. — The  first  appearance  of  a  coagulum  occurs  in  man's  blood  after 
3  minutes  45  seconds,  in  woman's  blood  after  2  minutes  20  seconds  {^H.  Nasse).  Age  has  no 
effect ;  withdrawal  of  food  accelerates  coagulation  {H.  Vierordt), 

28.  GENERAL  PHENOMENA  OF  COAGULATION.— I.  Blood 
in  direct  contact  with  living  unaltered  blood-vessels  does  not 
coagulate.  [Hewson  (1772)  found  that  when  he  tied  the  jugular  vein  of  a 
horse  in  two  places,  and  excised  it,  the  blood  did  not  coagulate  for  a  long  time.) 
Brlicke  filled  the  heart  of  a  tortoise  with  blood  which  had  stood  15  minutes 
exposed  to  the  air  at  o®,  and  kept  it  in  a  moist  chamber ;  at  0°  C.  the  blood  was 
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Still  uDcoagulated  in  the  contracting  heart  after  eight  days.  Blood  in  a  con- 
tracting frog's  heart  preserved  under  mercury  does  not  coagulate.  If  the  wall 
of  the  blood-vessel  be  altered  by  pathological  processes  (^.  g,,  if  the  intima 
becomes  rough  and  uneven,  or  undergoes  inflammatory  change),  coagulation  is 
apt  to  occur  at  these  places.  Blood  rapidly  coagulates  in  a  dead  heart,  or  in 
blood-vessels  (but  not  in  capillaries)  or  other  canals  (^.  g, ,  the  ureter).  If  blood 
stagnates  in  a  living  vessel,  coagulation  begins  in  the  central  axis,  because  here 
there  is  no  contact  with  the  wall  of  the  living  blood-vessel. 

II.  Conditions  which  Hinder  or  Delay  Coagulation. — (a)  The  addition 
of  small  quantities  o{  alkalies^  ammonia^  or  concentrated  ^oXw^oVk^oi  neutral  salts 
of  the  alkalies  and  earths  (alkaline  chlorides,  sulphates,  phosphates,  nitrates, 
carbonates).  Magnesic  sulphate  acts  most  favorably  in  delaying  coagulation 
( I  vol.  solution  of  28  per  cent,  to  2^/i  vols,  blood  of  the  horse). 

(^)  Precipitation  of  the  fibrino-plastin  by  adding  weak  acids,  or  CO,. 

By  the  addition  of  acetic  acid  until  the  reaction  is  acid,  coagulation  is  completely  arrested.  A 
large  amount  of  COt  delays  it,  hence  venous  blood  coagulates  more  slowly  than  arterial,  and  the 
blood  of  suffocated  persons  remains  fluid  for  the  same  reason. 

(r)  The  addition  of  egg  albumin^  syrupy  glycerine^  and  much  water.  If  un- 
coagulated  blood  be  brought  into  contact  with  a  layer  of  already-formed  fibrin, 
coagulation  occurs  later. 

(d)  By  cold  (o®  C.)  coagulation  may  be  delayed  for  one  hour.  If  blood  is 
frozen  at  once,  after  thawing  it  is  still  fluid,  and  then  coagulates  {Hewson), 
When  shed  blood  is  under  high  pressure  it  coagulates  slowly. 

(^)  Blood  of  embryo-fowls  does  not  coagulate  before  the  twelfth  or  fourteenth 
day  of  incubation  (Bolt) ;  that  of  the  hepatic  vein  very  slightly ;  menstrual  blood 
shows  little  tendency  to  coagulate  when  alkaline  mucus  from  the  vagina  is  mixed 
with  it.  If  it  be  rapidly  discharged,  it  coagulates  in  masses.  Foetal  blood  at 
the  moment  of  birth  coagulates  soon. 

(y)  Blood  rich  in  fibrin  from  inflamed  parts  coagulates  slowly,  but  the  clot  so 
formed  is  firm. 

(jg)  [Blood  coagulates  more  slowly  in  a  smooth  than  a  rough  vessel,  and  also 
in  a  shallow  vessel  than  in  a  deep  one.] 

[(Ji)  Blood  in  contact  with  pure  oil  coagulates  more  slowly  than  when  it  is  in 
contact  with  glass  or  metal.  Even  a  tube  or  vessel  smeared  with  oil  or  vaseline 
delays  coagulation,  so  that  blood  flows  longer  through  such  a  tube  without 
coagulating  than  through  a  glass  or  metal  tube.  The  action  seems  to  be  a  purely 
phj'sical  one  between  the  blood  and  the  oil.] 

(/)  Absence  of  oxygen. 

Injection  of  Peptones  (albumoses)  and  other  bodies. — Albertoni  observed  that  if  tryptic 
pancreas  ferment  (dissolved  in  glycerine)  be  injected  into  the  blood  of  an  animal,  the  blood 
when  shed  does  not  coagulate.  Schmidt-MUlheim  found  that  after  the  injection  of  peptone  into 
the  blood  (0.5  gram  per  kilo.)  of  a  dog,  the  blood  lost  its  power  of  coagulating.  [This  occurs  in 
the  dog,  but  not  in  the  rabbit  Peptonized  blood  coagulates  when  it  is  treated  with  CO  2  or  water. 
It  appears,  however,  that  it  is  not  the  peptone  which  prevents  the  coagulation,  but  the  albumoses 
adhering  to  it  which  do  so.]  A  substance  is  formed  in  the  plasma,  which  prevents  coagulation, 
but  whu:h  is  precipitated  by  CO,.  Lymph  behaves  similarly  (Fano),  After  peptones  are 
injected,  there  is  a  great  solution  of  leucocytes  in  the  blood  (v.  Samson- Himmelstjema),  The 
secretion  of  the  mouth  of  the  medicinal  leech  [although  its  action  is  not  due  to  a  ferment 
(Haycraftyiy  and  snake  poison  also  prevent  coagulation  ( Watt),  [Diastatic  ferment  {Satvioti) 
and  the  poisonous  substance  in  the  serum  of  eels'  blood  (Mosso)  also  prevent  coagulation]. 

Htemophilia. — A  very  slight  scratch  in  some  persons  may  cause  very  free  bleeding.  These 
persons  are  called  colloquially  **  bleeders,"  and  are  said  to  have  haemophilia  or  the  hsemor- 
rfaagic  diathesis.  In  '*  bleeders  "  coagulation  seems  not  to  take  place,  owing  to  a  want  of  the 
substances  producing  fibrin ;  hence,  in  these  cases,  wounds  of  vessels  are  not  plugged  with 
fibrin.  [A  tendency  to  hemorrhage  occurs  in  scurvy,  purpura,  in  some  infectious  diseases, 
such  as  typhus,  plague,  yellow  fever,  and  in  poisoning  with  phosphorus.] 
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[Leech  Extract. — A  watery  extract  of  the  buccal  cavity  of  the  leech — the  secretion  probably 
is  derived  from  the  epithelial  cells  lining  the  sucker  and  buccal  cavity — when  injected  into  the 
blood-vessels  of  a  dog  or  rabbit,  or  mixed  with  the  uncoagulated  blood  of  these  animals,  prevents 
coagulation  for  a  much  longer  time  than  is  the  case  with  the  injection  of  so  called  peptones,  for 
it  is  really  the  albumoses  mixed  with  the  peptones  which  prevent  coagulation  in  the  blood  of  the 
dog.  The  action  of  leech-extract,  like  that  of  the  products  of  digestion,  is  not  permanent. 
When  injected  it  produces  far  milder  constitutional  symptoms  than  albumose,  but  its  action  on 
the  blood  is  far  more  powerful.  It  is  eliminated  by  the  kidneys.  So  far  this  active  principle  has 
not  been  isolated,  although  it  is  soluble  in  water,  saline  solutions,  and  insoluble  in  alcohol,  ether, 
and  chloroform  (Nay craft).'] 

III.  Coagulation  is  accelerated — (a)  By  contact  with  foreign  Sub- 
stances of  all  kinds,  but  only  when  the  blood  adheres  to  them,  hence  threads 
or  needles  introduced  into  arteries  are  rapidly  covered  with  fibrin.  [The 
coagulation  always  begins  around  the  foreign  body.]  Blood  does  not  coagulate 
in  contact  with  bodies  covered  with  fat  or  vaseline  \Freund),  Even  the  intro- 
duction of  air-bubbles  into  the  circulation  or  the  passage  of  indifferent  gases,  N 
or  H,  through  blood,  accelerates  it.  The  pathologically  altered  wall  of  a  vessel 
acts  like  a  foreign  body.  Blood  shed  from  an  artery  rapidly  coagulates  on  the 
walls  of  vessels,  on  the  surfaces  exposed  freely  to  air,  and  on  the  rods  or  twigs 
used  to  beat  it. 

(^)  The  products  of  the  retrogressive  metabolism  of  proteids  (uric  acid, 
glycin,  leucin,  taurin,  kreatin,  sarkin,  but  not  urea)  favor  coagulation  by 
increased  ferment-formation ;  but  if  they  are  added  in  excess,  they  retard  the 
process. 

(c)  From  a  watery  extract  of  the  testis  or  thymus,  on  the  addition  of  acetic  acid,  is  precipitated 
a  substance  which  is  soluble  in  sodic  carbonate.  It  is  a  mixture  of  lecithin  and  albumin,  and 
when  it  is  injected  into  the  blood-stream  it  causes  almost  instantaneous  death  by  intravascular 
coagulation  (  Wooldridge).  [Injection  of  a  watery  extract  of  the  thymus,  supra-renal  capsules^ 
and  testis  suffice  to  produce  extensive  intra-vascular  clotting,  and  even  the  injection  of  laky  blood 
accelerates  coagulation.] 

(//)  During  rapid  hemorrhage,  the  last  portions  of  blood  coagulate  most 
rapidly  {Holzmann), 

{e)  Heating  the  blood  from  39°  to  55*^  C.  {Hewson), 

if)  Agitation  of  the  blood  {Hewson  and  Hunter), 

[(^)  The  addition  of  a  small  quantity  of  water. 

(K)  a  watery  condition  of  the  blood.     The  clot  is  small  and  soft. 

(/)  Contact  with  oxygen,  or  free  exposure  to  the  air. 

But  contact  with  oxygen  is  not  necessary  for  coagulation  to  take  place,  as 
this  occurs  in  contact  with  indifferent  gases,  as  well  as  in  a  vacuum.] 

IV.  Rapidity  of  Coagulation. — Amongst  vertebrates,  the  blood  of  birds 
(especially  of  the  pigeon)  coagulates  almost  momentarily;  in  cold-blooded 
animals  coagulation  occurs  much  more  slowly,  while  mammals  stand  midway 
between  the  two. 

[The  blood  of  a  fowl  begins  to  coagulate  in  ^  to  i^  minute ;  pig,  sheep,  rabbit,  in  j^  to  i^ 
minute;  dog,  i  to  3  minutes;  horse  and  ox,  5  to  13  minutes;  man,  3  to  4  minutes;  solidiBca- 
tion  is  completed  in  9  to  1 1  minutes  {Nasse).'\  The  blood  of  invertebrates,  which  is  usually 
colorless  when  it  is  oxidized  (§  32),  forms  a  soft,  whitish  clot  of  fibrin.  Even  in  lymph  and 
chyle  a  small  soft  clot  is  formed. 

V.  When  coagulation  occurs,  the  aggregate  condition  of  the  fibrin-factors  is 
altered,  so  that  heat  must  be  set  free  {Valentin^  1844). 

VI.  In  blood  shed  from  an  artery,  the  degree  of  alkalinity  diminishes 
from  the  time  of  its  being  shed  until  coagulation  is  completed  {Pfliiger  and 
Zuntz),  This  is  probably  due  to  a  decomposition  in  the  blood,  whereby  an 
acid  is  developed,  which  diminishes  the  alkalinity  (p.  2). 

VII.  During  coagulation  there  is  a  diminution  of  the  O  in  the  blood, 
although  a  similar  decrease  also  occurs  in  non-coagulated  blood.    Traces  of 
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ammffnia  are  also  given  ofT,  which  Richardson  erroneously  supposed  to  be  the 
cause  of  the  coagulation  of  the  blood. 

[This  is  refuted — (l)b7  Ibe  fact  that  blood,  when  collected  under  mercury  (whereby  no  escape 
of  unmonia  is  possible)  also  cot^tates ;  and  (2)  1^  Ihe  following  eipeiiment  of  Lister : — He 
placed  two  ligatures  on  a  vein  conlainiiig  blood,  moistening  one^h^f  of  Ihe  outer  surface  of  Ihe 
veiQ  with  ammonia,  leaving  Ihe  other  half  intact.  The  blood  coagulated  in  the  lirst  balf,  and 
not  in  the  other,  owing  to  tbe  propenies  Of  Ihe  wall  of  Ihe  vein  of  the  former  being  altered. 
Neiiher  ihe  decrease  of  O  nor  Ihe  evolution  of  ammonia  seems  10  have  ajiy  Causal  cooneclion 
wilb  the  formation  of  librin.] 

Pathological. — When  Ihe  blood  coagulates  within  the  vessels  during  life,  Ihe  process  is  called 
thramtMais,  and  the  coagulum  or  plug  so  formed  is  termed  a  thrombus.  When  a  clot  of 
blood  or  other  body  is  carried  by  Ihe  bloodstream  to  another  part  of  Ihe  vascular  system  where 
it  blocks  up  a  vessel,  the  plug  is  called  an  embolus,  and  the  result  embolism. 

Coagulable  Fluids. — With  regard  to  coagulability,  fluids  containing 
proteids  may  be  classified  thus  1 — 

(i)  Those  that  coagulatt  spotttBtieemly,  i.  e.,  blood,  lymph,  chyle. 

(2)  Those  capable  ef  coagulating,  t.  g.,  fluids  secreted  pathologically  in  serous  cavitiei;  for 
example,  hydrocele  fluid,  which,  as  usually  containing  flbrinogen  only,  does  not  coagulate  spon- 
taneously, btU  il  coagulates  on  ibc  addition  of  fibrioo-plastin  and  ferment  (or  of  blood-senim,  in 
which  boih  occur). 

f3)  Those  which  do  net  coagulate,  e.  g.,  milk  or  seminal  Ruid,  which  do  nol  seem  10  contain 
fibrinogen. 

39.  CAUSE  OP  THE  COAGULATION  OP  BLOOD.— [He waon'a  ExperimenlB 
(I771).— Hewson  lied  the  jugular  vein  of  a  horse  between  two  ligaiure*,  removed  it,  and  then 
tuqieiided  it  by  one  end  (Fig.  2S).  He  found  that  the  blood  remained  Ruid  for 
a  long  time  (4^  hours),  Ihe  red  corpuscles  sank  (RC),  and  left  a  clear  layer  of 
plasma  on  the  surface  (P).  On  drawi:^  off  some  of  this  clear  plasma  it  coagu- 
lated, thus  proving  coagulation  to  be  due  10  changes  In  the  plasma.  If  a  glass 
rod  be  pushed  through  Ibe  wall  of  ih^  vessel  into  the  fluid,  coagulation  begins 
around  the  foreign  body.  The  glass  rod,  however,  must  not  be  perfectly  smooth. 
Uiter  repeated  this  experiment,  and  found  that,  even  if  the  upper  end  ot  the 
lube  be  opened  and  the  blood  freely  exposed  to  the  air,  coagulation  is  but  slightly 
hastened.  He  showed  that  Ihe  Llood  might  be  poured  from  one  vein  into 
another,  just  as  one  might  pour  fluid  from  one  test-tube  into  another.  In  this 
case  there  were  two  lest-tubes,  1.  f . ,  Ihe  veins—and  although  the  blood,  on  being 
poured  from  the  one  to  the  other,  came  into  contact  wilh  the  air,  it  did  not 
coagulate.  Hewson,  however,  found  that  blood  poured  from  the  vein  into  a 
glass  vessel  coagulated,  so  that,  in  his  opinion,  (he  blood.ves'els  exerted  a 
restraining  influence  on  coagulation.  By  cooling  the  blood  and  ptevenling  il  from 
coagulating,  be  proved  that  coagulation  was  nol  due  10  the  loss  of  heat.  Nor  _.' 
conld  il  be  B  vital  act,  as  sodic  fulphate  or  olher  neulral  sail  prevented  coagu-  ''E-  ^• 

latton  indefinitely,  but  coagulation  took  place  when  the  blood  was  diluted  with  Vein  of  horae 
water.]  lied  between 

[Buchanan's  Researches. — The  serous  sacs  of  Ihe  body  contain  a  fluid  Iwoligaturet. 
which  in  some  respects  closely  resembles  lymph.  The  pericardial  fluid  of  some  P,  plasma ; 
animals  coagulates  spontaneously  {e.  g,,  in  the  rabbit,  ox,  horse,  and  sheep)  if  WC,  white  ; 
the  fluid  be  removed  immedialtty  after  death.  If  this  be  not  done  till  several  and  RC,  ted 
konri  after  deaik,  the  fluid  does  not  coagulate  spontaneously.  The  fluid  of  the  corpuscles, 
tunica  vaginalis  of  Ihe  testis  sometimes  accumulates  to  a  great  eitent,  and  con- 
stitutes hydrocele,  but  this  fluid  shows  no  tendency  to  coagulate  spontaneously,  Andrew 
Bnch^un  found,  however,  that  If  to  the  fluid  of  ascites,  pleuritic  fluid,  or  hydrocele  fluid,  there 
be  added  clear  blood-serum,  then  coagulation  takes  place,  1. «.,  two  fluids — neither  of  which 
shows  any  tendency  by  Uscif  lo  coagulate— form  a  clol  when  they  are  miied  (1831),  He  also 
found  that  if  "  washed  blood-clot"  (which  consists  of  a  mixture  of  fibrin  and  colorless  cor- 
puscles) he  added  to  hydrocele  fluid,  coagulation  occurred,  ile  compared  the  action  of  washed 
hlood-clot  10  the  action  cf  rennet  in  coagulating  milk,  and  he  imagined  the  ngenli  ivkuk  deter- 
mined the  (eagulalioH  lo  be  colorless  corpuscles.  Thus,  the  buffy  coal  of  horses'  blood  is  a  power- 
fill  agent,  and  it  contains  numerous  colorless  corpuscles.  He  Anally  concluded  that  some  con- 
stituent io  the  plasma,  to  which  he  gave  the  name  of  a  "soluble  flbrin,"  is  acted  upon  by  the 
colorleu  corpuscles  and  converted  into  fibrin.  The  soluble  flbrin  of  Buchanan  is  comparable  to 
the  flbrinogen  in  I-Iammarsten's  theory.      Buchanan,  however,  did  not  separate  the  substance.] 

[Denis's  Plasmine  (1859). —  Denis  mixed  uncoagulated  blood  with  a  saturated  solution  of 
sodic  sulphate,  and  allowed  the  corpuscles  to  subside.     Tbe  salted  plasma  thus  obtained  he  pre- 
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cipitated  with  sodic  chloride.  The  precipitate,  when  washed  with  a  saturated  solution  of  sodic 
chloride,  he  called  plasmine.  If  plasmine  be  mixed  with  water,  it  coagulates  spontaneoiisly, 
resulting  in  the  formation  of  fibrin,  while  another  proteid  remains  in  solution.  According  to 
the  view  of  Denis,  fibrin  is  produced  by  the  splitting  up  of  plasmine  into  two  bodies — fibrin  and 
a  soluble  proteid.] 

[If  to  plasma,  e.g.,  from  horse's  blood,  there  be  added  NaCl  to  the  extent  of  13  per  cent.,  a 
white  viscid  precipitate  is  thrown  down.  If  this  precipitate  be  removed,  and  more  NaCl  added, 
or  MgSO^  crystals,  another  proteid,  white  and  granular,  is  precipitated.  The  former  is  fibri- 
nogen, and  the  latter  para-globulin,  so  that  the  so-called  plasmine  of  Denis  really  consists  of 
two  proteids ;  only  the  former,  however,  is  converted  into  fibrin.] 

[BrQcke's  experiments  were  directed  to  the  question  why  the  blood  does  not  coagulate 
within  the  vessels.  Hewson  had  shown  that  blood  remains  fluid  for  6-14  hours  in  the  vessels 
after  the  death  of  the  animal  (dog).  In  the  case  of  cold-blooded  animals,  e.g.^  the  turtle  at  -|- 
1°  C,  the  blood  remained  fluid  for  six  to  eight  days.  Again,  the  blood  remained  fluid  in  the 
excised  heart  of  a  turtle  kept  'moist  under  a  bell  jar  as  long  as  the  heart  continued  to  beat  and 
until  the  cardiac  walls  lost  their  excitability.  A  foreign  body  introduced  into  the  blood-vessels 
was  soon  surrounded  with  a  clot  of  fibrin,  which  was  always  deposited  on  the  foreign  body  itself 
and  not  on  the  walls  of  the  blood-vessels.  The  same  results  were  obtained  in  mammals,  and 
especially  in  new-born  animals.  This  action  of  the  vascular  wall  in  preventing  coagulation 
only  exists  as  long  as  the  wall  itself  is  intact  and  alive.] 

[Lister  maintained  that  the  blood  has  no  spontaneous  tendency  to  clot,  as  Briicke  supposed, 
but  that  it  only  clots  when  brought  into  contact  with  foreign  matter,  and  this  is  the  view  now 
generally  held.] 

[A.  Schmidt's  Researches  (1861). — ^This  observer  rediscovered  the  chief  facts  already 
known  to  Buchanan,  viz.,  that  some  fluids  which  do  not  coagulate  spontaneously  clot  when 
mixed  with  other  fluids,  which  show  no  tendency  to  coagulate  spontaneously,  e.g.^  hydrocele 
fluid  and  blood-serum.  lie  isolated  from  these  fluids  the  bodies  described  as  fibrinogen  and 
fibrino-plastin.  The  bodies  so  obtained  were  not  pure,  but  Schmidt  supposed  that  the  formation 
of  fibrin  was  due  to  the  interaction  of  these  two  proteids.  The  reason  hydrocele  fluid  does  not 
coagulate,  he  says,  is  that  it  contains  fibrinogen  and  no  fibrino-plastin,  while  blood-serum  con- 
tains the  latter,  but  not  the  former.  Schmidt  afterwards  discovered  that  these  two  substances 
maybe  present  in  a  fluid,  and  yet  coagulation  may  not  occul^^.^.,  occasionally  in  hydrocele  fluid). 
He  supposed,  therefore,  that  blood  or  blood-serum  contained  some  other  constituent  necessary 
for  coagulation.     This  he  afterwards  isolated  in  an  impure  condition  and  called  fibrin-ferment. '\ 

A.  Schmidt's  theory  of  Coagulation  is  that  fibrin  is  formed  by  the 
coming  together  of  two  proteid  substances  which  occur  dissolved  in  the  plasma, 
viz. :  (i)  fibrinogen,  /'.  e.,  the  substance  which  yields  the  chief  mass  of  the 
fibrin,  and  (2)  fibrino-plastic  substance  or  fibrino-plastin.  The  latter 
terms  are  now  rarely  used,  having  been  replaced  by  either  of  the  following — 
serum-globulin  or  para-globulin,  §  32.  In  order  to  determine  the  coagulation 
a  ferment  seems  to  be  necessary,  and  this  is  supplied  by  (3)  the  fibrin- 
ferment.  [Reviewing  all  the  evidence,  it  seems  quite  certain  that  para- 
globulin  is  not  concerned  in  the  process  of  coagulation,  so  that  Schmidt's 
theory  has  now  given  place  to  that  of  Hammarsten  (p.  42).] 

I.  Properties  of  Fibrinogen  and  fibrino-plastin. — They  belong  to  the 
group  of  proteids  called  globulins,  /.  ^.,  they  are  insoluble  in  pure  water,  but 
are  soluble  in  dilute  saline  solutions  (^.^.,  common  salt,  §  249),  and  are  not 
distinguished  from  each  other  by  well-marked  chemical  characters.  Still  they 
differ  as  follows  : — 

Fibrino-plastin  or  Serum-globulin  is  more  easily  precipitated  from  its 
solutions  than  fibrinogen.  It  is  more  readily  redissolved  when  once  it  is  pre- 
cipitated. It  forms  when  precipitated  a  very  light  granular  powder  [and  its 
saline  solution  coagulates  at  75®  C.]. 

Fibrinogen  adheres  as  a  sticky  deposit  to  the  side  of  the  .vessel.  It  coagu- 
lates at  56°  C. 

On  account  of  their  great  similarity,  both  substances  are  not  usually  prepared 
from  blood -plasma.  Fibrinogen  is  prepared  from  serous  transudations  (pericar- 
dial, abdominal,  or  pleuritic  fluid,  or  the  fluid  of  hydrocele),  which  contain 
no  fibrino-plastin.  Fibrino-plastin  is  most  readily  prepared  from  seruniy  in  which 
there  is  still  plenty  of  fibrino-plastin,  but  no  fibrinogen. 
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2.  Preparation  of  Pibrino  plastin,  Serum-globulin,  or  Paraglobulin. 
— (a)  Dilute  blood- serum  with  twelve  times  its  volume  of  ice-cold  water,  and 
almost  neutralize  it  with  acetic  acid  [add  4  drops  of  a  25  per  cent,  solution  of 
acetic  acid  to  every  120  c.c.  of  diluted  serum] ;  or  (3)  pass  a  stream  of  carbon 
dioxide  through  the  diluted  serum,  which  soon  becomes  turbid  ;  after  a  time  a 
fine  white  powder,  copious  and  granular,  is  precipitated. 

[(0  Method  of  Hammarsten  for  Serum-globulin. — All  the  serum- 
globulin  in  serum  is  not  precipitated  either  by  adding  acetic  acid  or  by  CO^. 
Hammarsten  found,  however,  that  if  crystals  of  magnesium  sulphate  be  added 
to  complete  saturation,  it  precipitates  the  serum-globulin,  but  does  not  precipi- 
tate serum-albumin  ;  serum-globulin  is  more  abundant  than  serum-albumin  in 
the  serum  of  the  ox  and  horse,  while  in  man  and  the  rabbit  the  reverse  obtains ; 
(compare  §  32).] 

Schmidt  found  that  100  c.c.  of  the  serum  of  ox-blood  yielded  0.7  to  0.8  grm. ;  horse's  serum, 
0.3  to  0.56  grm.  of  dry  fibrino-plastin.  Fibrino-plastin  occurs  not  only  in  serum,  but  also  in  red 
blood-corpuscles,  in  the  fluids  of  connective-tissue,  and  in  the  juices  of  the  cornea. 

3.  Preparation  of  Fibrinogen. — This  is  best  prepared  from  hydrocele 
fluid,  although  it  may  also  be  obtained  from  the  fluids  of  serous  cavities,  ^.g., 
the  pleura,  pericardium,  or  peritoneum.  It  does  not  exist  in  blood-serum, 
although  it  does  exist  in  blood-plasma,  lymph,  and  chyle,  from  which  it  may  be 
obtained  by  a  stream  of  CO,,  after  the  paraglobulin  is  precipitated,  (a)  Dilute 
hydrocele  fluid  with  ten  to  fifteen  times  its  volume  of  water,  and  pass  a  stream 
of  CO,  through  it  for  a  long  time.  (^)  Add  powdered  common  salt  to  satura- 
tion to  a  serous  transudation,  when  a  sticky,  glutinous  (not  very  abundant)  pre- 
cipitate of  fibrinogen  is  obtained. 

[Hammarsten  and  Eichwald  find  that,  although  paraglobulin  and  fibrinogen  are  soluble  in 
solutions  of  common  salt  (containing  5  to  8  per  cent,  of  the  salt),  a  saline  solution  of  12  to  16 
per  cent,  is  required  to  precipitate  the  fibrinogen,  leaving  still  in  solution  paraglobulin,  "which  is 
not  precipitated  until  the  amount  of  salt  exceeds  20  per  cent] 

Properties  of  the  so-called  Fibrin -Factors. — They  are  insoluble  in 
pure  water,  but  dissolve  in  water  containing  O  in  solution.  Both  are  soluble 
in  very  dilute  alkalies,  e,  ^.,  caustic  soda,  and  are  precipitated  from  this  solution 
by  CO,.  They  are  soluble  in  dilute  saline  solutions,  ^.^.,  of  common  salt — 
like  all  globulins^ — but  if  a  certain  amount  of  common  salt  and  some  other  salts, 
e.g,y  MgSOo  be  added  in  excess,  they  are  precipitated.  Very  dilute  hydro- 
chloric acid  dissolves  them,  but  after  several  hours  they  become  changed  into 
a  body  resembling  syntonin  or  acid-albumin  (§  249,  III).  Fibrinogen  held 
in  solution  by  common  salt  coagulates  at  52*^  to  55*^  C.  [Fredericq  finds  the 
fibrinogen  exists  as  such  in  the  plasma;  it  coagulates  at  56^  C,  and  the  plasma 
thereafter  is  uncoagulable  spontaneously.] 

4.  Preparation  of  the  Fibrin-Ferment. — {a)  Mix  blood-serum  (ox) 
with  twenty  times  its  volume  of  strong  alcohol,  and  after  one  month  filter  off 
the  deposit  thereby  produced.  The  deposit  on  the  filter  consists  of  coagulated 
insoluble  albumin  and  the  ferment  \  dry  it  carefully  over  sulphuric  acid,  and 
reduce  to  a  powder.  Triturate  i  gram  of  the  powder  with  65  c.c.  of  water  for 
ten  minutes,  and  filter.  The  ferment  is  dissolved  by  the  water,  and  passes 
through  the  filter,  while  the  coagulated  albumin  remains  behind. 

[(3)  Oamgee's  Method. — Buchanan's  "washed  blood-clot"  (p.  39)  is  digested  in  an  8  per 
cent,  solution  of  common  salt.  The  solution  so  obtained  possesses  in  an  intense  degree  the 
properties  of  Schmidt's  fibrin-ferment.] 

Ill  the  preparation  of  fibrino-plastin,  the  ferment  is  carried  down  with  it  mechanically.  The 
ferment  seems  to  be  formed  first  in  fluids  outside  the  body,  very  probably  by  the  dissolution  of 
the  colorless  corpuscles.  More  ferment  is  formed  in  the  blood  the  longer  the  interval  between 
its  being  shed  and  its  coagulation.  It  is  destroyed  at  70^  C.  Blood  flowing  directly  from  an 
artery  into  alcohol  contains  no  ferment.     It  b  also  formed  in  other  protoplasmic  parts  {Rausch- 
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enbach)^  e.g.y  in  dead  muscle,  brain,  supra-renal  capsule,  spermatozoa,  testicle  {Foa  and  Pel- 
lacani)^  and  in  vegetable  micro-organisms  \e.g.t  yeast]  and  protozoa  {^Grohmann)^  [so  that  it 
would  seem  to  be  a  general  product  of  protoplasm.  As  the  ferment  does  not  pre-exist  in  color- 
less blood  corpuscles,  it  seems  to  be  formed  from  some  mother-substance  in  them,  the  blood- 
plasma  itself  decomposing  this  substance.] 

Coagulation  Experiments. — According  to  A.  Schmidt,  if  pure  solutions  of  ( i )  fibrinogen, 
(2)  fibrino-plastin,  and  (3)  fibrin-ferment  be  mixed,  fibrin  is  formed.  [As  we  have  already  seen, 
(2)  is  not  essential.]  The  process  goes  on  best  at  the  temperature  of  the  body;  it  is  delayed  at 
0°;  and  the  ferment  is  destroyed  at  the  boiling-point.  The  presence  of  O  seems  necessary  for 
coagulation.  The  amount  of  the  ferment  appears  to  be  immaterial ;  lai^e  quantities  produce 
more  rapid  coagulation,  but  the  amount  of  fibrin  formed  is  not  greater. 

[Foa  and  Pellacani  find  that  a  filtered  watery  extract  of  fresh  brain,  supra-renal  capsules, 
testis,  thymus,  and  some  other  tissues,  when  injected  into  the  blood-vessels  of  a  rabbit,  causes 
coagulation  of  the  blood  in  the  pulmonary  circulation  and  the  heart,  death  being  caused  by  the 
action  of  a  substance  identical  with  the  fibrin  ferment  ] 

[Nature  of  the  fibrin-ferment. — It  is  a  proteid  belonging  to  the  group  of  the  globulins, 
and,  according  to  Halliburton,  it  has  the  propnE^ties  of  a  cell-globulin,  {.  ^.,  a  globulin  obtained 
from  the  disintegration  of  cells,  e.g.^  leucocytes  or  lymph-corpuscles  (p.  34).  The  fibrin-ferment 
is  (almost)  identical  with  this  cell -globulin.  A  very  considerable  quantity  of  active  blood-fer- 
ment may  be  injected  into  the  blood-vessels  of  a  living  animal  without  causing  coagulation  within 
the  blood-vessels.     It  may  be  that  the  ferment  is  destroyed  within  the  vascular  system.] 

[What  the  exact  nature  of  the  action  of  fibrin-ferment  is  on  the  fibrinogen  in  shed  blood  we 
do  not  know;  but  the  amount  of  fibrin  formed  is  always  slightly  less  than  the  amount  of 
fibrinogen  acted  on,  there  being  always  formed  a  small  amount  of  another  globulin.  If  the 
solution  of  fibrin- ferment  be  boiled,  all  its  coagulation-determining  properties  are  at  once  and 
permanently  destroyed.] 

The  amount  of  salts  present  has  a  remarkable  relation  to  coagulation. 
Unless  a  certain  amount  of  salts  be  present  in  the  fluid  (i  per  cent.  NaCl), 
coagulation  takes  place  slowly  or  partially.  Freund  has  shown  that  the  process 
of  coagulation  is  always  accompanied  by  an  excretion  of  phosphates  of  the 
alkaline  earths.  Fibrin  contains  a  constant  amount  of  phosphates  of  the  alka- 
line earths  (p.  37).  Coagulable  fluids  coagulate  after  the  addition  of  these 
salts ;  they  do  not  coagulate  in  the  absence  of  these  salts.  The  action  of  adhe- 
sion (p.  38)  in  accelerating  coagulation  is  said  to  depend  on  the  occurrence  of 
the  interaction  during  life  of  the  phosphoric  acid  or  alkaline  phosphates  present 
specially  in  the  cellular  elements  of  the  blood  with  the  lime  and  magnesia  salts 
present  especially  in  the  plasma.  [Green  finds  that  calcium  sulphate  brings 
about  coagulation  in  plasma  which  shows  little  or  no  tendency  to  clot,  while 
coagulation  in  its  absence  is  almost  or  quite  prevented.] 

[Ringer  and  Sainsbury  have  studied  the  influence  of  salts  on  the  clotting  of  blood  (and  also 
certain  pathological  fluids,  ^.^.,  of  ascites,  hydrocele  fluid,  and  milk).  They  confirm  Green's 
statement  that  calcium  sulphate  is  an  essential  to  the  act  of  clotting,  but  they  find  that  calcium 
chloride  also  acts  very  efficiently  in  determining  coagulation.  The  salts  of  strontium  and  barium 
act  like  those  of  calcium  sulphate,  but  are  less  powerful.  The  soda  and  potash  salts  (NaCl  and 
KCl),  on  the  other  hand,  restrain,  prolong,  or  prevent  the  act  of  coagulation ;  but  the  soda  salts 
are  rather  more  powerful  than  the  potassium  salts.  The  addition  of  lime  salts  overcomes  the 
restraining  influence  of  the  soda  and  potash  salts,  so  that  there  is  an  antagonism  between  the 
salts  of  lime  on  the  one  hand,  and  of  potassium  and  sodium  on  the  other.] 

When  blood  or  blood-plasma  coagulates,  all  the  fibrinogen  is  used  up,  so  that 
the  serum  contains  only  fibrino-plastin  and  fibrin-ferment ;  hence  the  addition 
of  hydrocele  fluid  (which  contains  fibrinogen)  to  serum  causes  coagulation. 

[Hammarsten's  Theory  of  Coagulation. — Hammarsten's  researches 
led  him  to  believe  that  fibrino-plastin  is  quite  unnecessary  for  coagulation. 
According  to  him,  fibrin  is  formed  from  one  body,  viz.,  fibrinogen,  which  is 
present  in  plasma  when  it  is  acted  upon  by  the  fibrin-ferment ;  the  latter, 
however,  has  not  been  obtained  in  a  pure  state.  Neither  he  nor  Schmidt  assert 
that  this  body  is  of  the  nature  of  a  ferment,  although  they  use  the  term  for  con- 
venience. It  is  quite  certain  that  fibrin  may  be  formed  when  no  fibrino-plastin 
is  present,  coagulation  being  caused  by  the  addition  of  calcic  chloride  or  casein 
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prepared  in  a  special  way.  One  of  the  conditions  necessary  for  the  action  of 
fibrin-ferment  on  fibrinogen  seems  to  be  the  presence  of  neutral  salts.  If  the 
latter  be  completely  removed  the  formation  of  fibrin  does  not  take  place.  Lime 
salts  seem  to  be  in  some  way  essential  to  the  process,  e,  g,,  calcic  sulphate,  while 
others  attach  importance  to  the  presence  of  NaCl.] 

[The  main  drift  of  the  foregoing  evidence  points  to  the  presence  of  one  proteid 
— fibrinogen — which  exists  dissolved  in  the  blood-plasma,  and  which  under 
certain  circumstances  yields  fibrin.  In  shed  blood  this  act  seems  to  be  deter- 
mined by  a  ferment,  perhaps  derived  from  the  disintegration  of  colorless  cor- 
puscles (and  blood-platelets?),  which  occurs  when  blood  is  shed.] 

[It  must  not  be  forgotten  that  the  presence  of  certain  salts  seems  necessary 
to  the  act  of  coagulation.  As  the  question  at  present  stands,  three  factors  are 
recognized  in  the  equation  : — 

(i)  A  coagulable  proteid  (fibrinogen). 

(2)  A  ferment. 

(3)  Certain  salts. 

Up  till  recently  the  first  two  have  attracted  the  greatest  amount  of  attention, 
but  that  the  third  factor  is  also  an  important  one  is  shown  by  the  above-men* 
tioned  researches.] 

30.  SOURCE  OF  THE  FIBRIN-FACTORS.— Al.  Schmidt  maintains  that  all  the 
three  substances  out  of  which  fibrin,  according  to  him.  is  formed  arise  from  the  breaking  up  of 
colorless  blood-corpuscles.  In  the  blood  of  man  and  mammals  fibrinogen  exists  dissolved  in  the 
circulating  blood  as  a  dissolution-product  of  the  retrogressive  changes  of  the  white  corpuscles. 
Plasma  contains  dissolved  fibrinogen  and  serum. albumin.  The  circulating  blood  is  very  rich  in 
colorless  blood-corpuscles — much  richer,  indeed,  than  was  formerly  supposed.  As  soon  as  blood 
fe  shed  from  an  artery,  enormous  numbers  of  the  colorless  corpuscles  are  dissolved — according 
to  Al.  Schmidt,  71.7  per  cent,  (horse).  First  the  body  of  the  cell  disappears  and  then  the 
nucleus.  The  products  of  their  dissolution  are  dissolved  in  the  plasma,  and  one  of  these  pro- 
ducts \s  fibrino-plastin.  At  the  same  time  the  fibnn-ferment  is  also  produced,  so  that  it  would 
seem  not  to  exist  in  the  intact  blood -corpuscles.  Fibrino-plastin  and  nbrin- ferment  are  also  pro- 
duced by  the  "  transitiopt  forms'*^  of  blood-corpuscles,  t.  ^.,  those  forms  which  are  intermediate 
between  the  red  and  the  white  corpuscles.  They  seem  to  break  up  immediately  after  blood  is 
shed.     The  blood  plates  (p.  19)  are  also,  probably,  sources  of  these  substances. 

The  leucocytes  have  different  degrees  of  resistance ;  those  of  the  lymph  and  chyle  are  more 
resistant  than  those  of  the  blood,  and  amongst  the  latter  themselves  there  are  various  degrees 

In  amphibians  and  birds  the  red  nucleated  corpuscles  rapidly  break  up  after  blood  is  shed, 
and  yield  the  substance  or  substances  which  form  fibrin.  Al.  Schmidt  convinced  himself  that 
in  these  animals  fibrinogen  is  originally  a  constituent  of  the  blood-corpuscles. 

It  is  clear,  therefore,  according  to  Schmidt's  view,  that  as  soon  as  the  blood -corpuscles,  white 
or  red,  are  dissolved,  the  fibrin-factors  pass  into  solution,  and  the  formation  of  fibrin  by  the  inter- 
action of  the  three  substances  will  ensue. 

If  a  large  number  of  leucocytes  be  introduced  into  the  circulation  of  an  animal,  the  leucocytes 
are  dissolved  in  great  numbers  in  the  blood,  so  that  death  takes  place  by  diffuse  coagulation. 
Should  the  animal  survive  the  immediate  danger  of  death,  the  blood,  owing  to  the  want  of  leu- 
cocytes, is  completely  incapable  of  coagulating  ( Grotk). 

[And.  Buchanan  thought  that  the  potential  element  of  his  **  washed  blood-clot  "  resided  in  the 
colorless  corpuscles,  "  primary  cells  or  vesicles."  He,  like  Schmidt,  found  that  the  buffy  coat 
of  horse's  blood,  which  is  very  rich  in  white  corpuscles,  produced  coagulation  rapidly.  Buchanan 
compared  the  action  of  his  washed  clot  to  that  of  rennet  in  coagulating  milk.] 

Pathological. — Al.  Schmidt  and  his  pupils  have  shown  that  someiexratrtX,  probably  derived 
from  the  dissolution  of  colorless  corpuscles,  is  found  in  circulating  blood,  and  that  it  is  more 
abundant  in  venous  than  in  arterial  blood,  while  it  is  most  abundant  in  shed  blood.  It  is 
specially  remarkable  that  in  septic  fever  the  amount  of  ferment  in  blood  may  increase  to  such 
an  extent  as  to  p>ermit  the  occurrence  of  spontaneous  coagulation  (thrombosis),  which  may  even 
produce  death  {^Am.  Kohler).  In  febrile  cases  generally,  the  amount  of  ferment  is  somewhat 
more  abundant  {Edelberg  and  Birk).  After  the  injection  of  ichor  into  the  blood  an  enormous 
number  of  colorless  corpuscles  are  dissolved  (/*.  Hoffmann).  The  injection  of  peptone,  Hb,  and 
to  a  less  degree  of  distilled  water,  is  followed  by  dissolution  of  numerous  leucocytes. 

There  are  changes  in  the  blood,  constituting  true  blood  diseases,  in  which  the  physiological 
metabolism  of  the  colorless  corpuscles  b  enormously  increased,  so  that  the  metabolic  products 
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.accumulate  in  the  blood  (Alex,  Schmidt).  The  result  of  this  is  spontaneous  coagulation  within 
the  circulatory  system,  and  death  even  may  occur ;  there  is  always  an  increase  of  temperature. 
After  such  a  condition  the  coagulability  of  the  blood  is  diminished. 

31.  Formation  of  Fibrin. — After  several  observers  had  shown  that  the  red  blood-corpuscles 
(bird,  horse,  frog)  participate  in  the  production  of  fibrin,  Landois  observed,  in  1874,  under  the 
microscope  that  the  stromata  of  the  red  blood-corpuscles  of  mammals  passed  into  fibrin.  If  a 
drop  of  defibrinated  rabbit's  blood  be  placed  in  serum  of  frog's  blood,  without  mixing  them,  the 
red  corpuscles  can  be  seen  collecting  together ;  their  surfaces  are  sticky,  and  they  can  only  be 
separated  by  a  moderate  pressure  on  the  cover- glass,  whereby  some  of  the  now  spherical  cor- 
puscles are  drawn  out  into  threads.  The  corpuscles  soon  become  spherical,  and  those  at  the 
margin  allow  the  haemoglobin  to  escape ;  the  decolorization  progresses,  from  the  margin  inwards, 
until  at  last  there  remain  masses  of  stroma  adhering  together.  The  stroma- substance  is  very- 
sticky,  but  soon  the  cell-contours  disappear,  and  the  stromata  adhere  and  form  fine  fibres.  Thus 
(according  to  Landois)  the  formation  of  fibrin  from  red  blood-corpuscles  can  be  traced  step  by 
step.  The  red  corpuscles  of  man  and  animals,  when  dissolved  in  the  serum  of  other  animals, 
show  much  the  same  phenomena. 

Stroma-Fibrin  and  Plasma-Fibrin. — Landois  calls  fibrin  formed  direct  from  stroma, 
stroma-fibrin  ;  fibrin  formed  in  the  usual  way,  plasma-fibrin.  The  stroma-fibrin  is  closely  related 
chemically  to  stroma  itself;  as  yet,  however,  the  two  kinds  of  fibrin  have  not  been  sharply  dis- 
tinguished chemically.  Substances  which  rapidly  dissolve  red  corpuscles  cause  extensive  coagula- 
tion, e.g.,t  injection  of  bile  or  bile  salts,  or  lake-colored  blood,  into  arteries.  After  the  injection 
of  foreign  blood  the  newly- injected  blood  often  breaks  up  in  the  blood-vessels  of  the  recipient, 
while  the  finer  vessels  are  frequently  found  plugged  with  small  thrombi  (J  102). 

32.  CHEMICAL  COMPOSITION  OF  PLASMA  AND  SERUM. 

— I.  Proteids  occur  to  the  amount  of  8  to  10  per  cent,  in  the  plasma.  Only 
0.2  per  cent,  of  these  go  to  form  fibrin.  After  the  formation  of  the  fibrin  the 
plasma  is  converted  into  serum.  The  sp.  gr.  of  human  serum  is  1027  to  1029. 
It  contains  several  proteids.  [According  to  Hamraarsten,  human  serum  contains 
9.207  per  cent,  of  solids, — of  these,  3.103=  serum-globulin,  and  4.516  =  serum- 
albumin,  i,e,y  in  the  ratio  of  1  :  1.5 11.  In  horse-serum  the  proportion  is 
4.5  :  2.6,  in  ox-serum  4.16  :  3.329,  and  rabbit-serum  1.78  :  4.43.  The  total 
amount  of  proteids  in  blood  seems  to  be  much  more  constant  than  are  the 
relative  proportions  of  serum-albumin  and  serum-globulin  (Salvioli).'] 

[The  following  table  compiled  by  Gamgee  firom  Hanmiarsten's  researches,  shows  that  the 
proportion  of  serum-globulin  to  serum-albumin  varies  remarkably;  in  some  cases  serum - 
globulin  is  the  most  abundant  proteid  in  the  serum  of  some  animals,  while  in  others  it  is  the 
reverse : — 


Variety  of  Serum. 

Total  solids 
in  TOO  parts. 

Total  pro- 
teids in  too 
parts. 

Serum- 
globulin  in 
100  parts. 

Serum- 
albumin  in 
100  parts. 

Lecitbin, 

fat,  salts, 

etc.,  in  100 

parts. 

Ratio  of 
Serum- 
globulin  to 
Serum- 
albumin. 

From  blood  of  horse, 
»*         "          ox,    . 
"         •*         man, . 
"         "          rabbit, 

8.597 
8.965 

9.207 
7.525 

7.257 

7.499 
7.619 

6.225 

4.565 
4.169 

3.103 
1.788 

2.677 

3.329 
4.516 

4.436 

1.340 
1.466 

1.587 
1.299 

I    :  0.591    , 
I    :  0.842 
I    :   I.511 

I    :  2.5    ] 

{a)  Serum-globulin  or  Paraglobulin  (2  to  4  per  cent.).  If  crystals  of 
magnesium  sulphate  be  added  to  saturation  to  serum  at  35°  C,  serum-globulin 
is  precipitated,  but  not  serum-albumin.  It  is  soluble  in  10  percent,  solution  of 
common  salt,  and  coagulates  at  69-75°  C.  Its  specific  rotatory  powers  is 
-47°.  8  {Fredericq). 

[Serum-globulin  was  described  by  Panum  under  the  name  of  "  serum-casein " ;  by  Al. 
Schmidt,  as  "  fibri no-plastic  substance"  ;  and  by  Kuhne,  as  "paraglobulin."] 

{b)  Serum-albumin  (3-4  per  cent.).  Its  solution  begins  to  be  turbid  at 
60°  C,  and  coagulation  occurs  at  73°  C,  the  fluid  becoming  slightly  more 
alkaline  at  the  same  time.      If  sodium  chloride  be  cautiously  added  to  serum, 
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the  coagolating  temperature  may  be  lowered  to  50°  C.  Its  specific  rotatory, 
power  is  from  -  62.6  10-64.5°  (Starke).  It  is  changed  into  syntonin  or  acid- 
albumin  by  the  action  of  dilute  HCl,  and  by  dilute  alkalies  into  alkali-albumi- 
nate. 

[Effects  of  Starvation. — Starvation  diminishes  the  quantity  of  albumin,  and  increases  the 
quantity  of  globulin.  During  the  time  a  Rhine  salmon  is  in  fresh  water,  it  eats  nothing ;  the 
muscles  lose  30  per  cent,  of  their  weight,  and  the  testes  and  ovaries  increase  at  the  expense  of 
the  muscles  (Afieschtr)^  and  at  the  same  time  the  globulins  of  the  blood— closely  related  to  the 
globulins  of  muscle — are  increased  in  amount,  the  maximum  of  this  increase  corresponding  to 
the  maximum  growth  of  the  ovary  (Bunge),  The  globulins  are  increased  at  the  expense  of  the 
albumins.] 

Serum- albumin  is  absent  from  the  blood  of  starving  snakes  (the  alimentary  canal  being  empty], 
axMl  reappears  after  they  are  fed  {Tiegel),  so  that  in  a  digesting  snake  the  blood  contains  both 
proteids. 

[Serum -Albumin  v.  Egg- Albumin. — Although  serum-albumin  is  closely  related  to  egg- 
albumin,  they  differ — (a)  as  regards  their  action  upon  polarized  light ;  {b^  the  precipitate  pro- 
duced by  adding  HCl  or  HNO,  is  readily  soluble  in  4  c.c.  of  the  reagent  m  the  case  of  serum- 
albumin,  while  the  precipitate  m  ^g-albumin  is  dissolved  with  very  great  difficulty ;  {c\  egg- 
albumin,  injected  into  the  veins,  is  excreted  in  the  urine  as  a  foreign  body,  while  serum-albumin 
is  not ;  {d )  serum-albumin  is  not  coagulated  by  ether,  while  egg-albumin  is,  if  the  solution  is  not 
alkaline  ({  249).  Serum- albumin  has  never  been  obtained  free  from  salts,  even  when  dialyzed 
for  a  very  long  time.] 

After  all  the  serum-globulin  in  serum  is  precipitated  by  magnesium  sulphate,  serum-albumin 
still  remains  in  solution.  If  this  solution  be  heated  to  40  or  50^  C.  a  copious  precipitate  of  non- 
coagulated  serum-albumin  is  obtained,  which  is  soluble  in  water.  If  the  serum-albumin  be 
filtered  from  the  fluid,  and  if  the  clear  fluid  be  heated  to  over  60°  C,  Fredericq  found  that  it 
becomes  turbid  from  the  precipitation  of  other  proteids ;  the  amount  of  these  other  bodies, 
however,  is  small. 

[Proteids  of  the  Serum. — Halliburton  has  shown  by  the  method  of 
*'  tractional  heat-coagulation  "  (/>.,  ascertaining  the  temperature  at  which 
a  proteid  is  coagulated,  filtering  the  fluid  and  again  heating  the  filtrate  to  a 
higher  temperature),  that  from  the  same  fluid  perhaps  two  or  more  proteids, 
all  with  different  temperatures  of  coagulation,  may  be  obtained.  Care  must 
be  taken  to  keep  the  reaction  constant.  He  finds  that  serum-globulin  coagu- 
lates at  75**  C,  while  serum-albumin  in  reality  consists  of  three  proteids,  which 
coagulate  at  different  temperatures:  (a)  at  73*^,  (^9)  at  77®,  and  {y)  at  84®  C] 

[Precipitation  by  Salts. — Sulphate  of  magnesia  not  only  precipitates  serum-globulin,  but 
also  fibrinogen.  The  fluid  must  be  shaken  for  several  hours  to  get  complete  saturation.  Sodic 
sulphate,  when  added  to  scrum  deprived  of  its  globulin  by  MgSO^,  precipitates  serum-albumin^ 
but  it  produces  no  precipitate  with  pure  serum.  In  this  way  serum-albumin  may  be  obtained 
in  a  pure,  uncoagulated,  and  still  soluble  condition.  Serum-globulin  is  thrown  down  by  sodic 
nitrate,  acetate,  or  carbonate ;  while  all  the  proteids  of  the  serum  are  precipitated  by  potassic 
acetate  or  phosphate,  and  the  same  result  is  brought  about  by  adding  two  salts,  e.g.^  MgSO^ 
and  Na^SO^  (in  this  case  sodio-magnesia  sulphate  is  formed) ;  MgSO^  and  NaNO, ;  MgS04  and 
KI ;  NaCl  and  NajSO^.  After  serum -globulin  is  thrown  down  by  MgSO^,  the  addition  of 
MgSO^  and  NajSO^  or  the  double  salt,  precipitates  the  serum -albumin,  which  is  still  soluble  in 
water.  As  sulphate  of  ammonia  precipitates  all  the  proteids  except  peptones,  it  may  be  used 
(Haminirt(my'\ 

[The  plasma  of  Invertebrata  (decapod  crustaceans,  some  gasteropods,  cephalopods,  etc.) 
clots  like  vertebrate  blood,  and  contains  fibrinogen,  but,  in  addition,  there  is  found  in  it  a  sub- 
stance corresponding  to  haemoglobin,  and  called  by  Fredericq,  hsemocyanin.  It  exists  like  Hb 
in  two  conditions,  one  reduced  and  the  other  oxy-haemocyanin,  the  former  being  colorless,  the 
latter  blue.  In  its  general  characters  it  resembles  Hb,  although  it  contains  copper  instead  of  iron, 
and  gives  no  absorption-bands  {^Halliburton).  In  the  blood  of  some  decapod  crustaceans  there 
is  a  reddish  pigment,  tetronerythrin,  which  is  identical  with  that  in  the  exoskeleton  and 
hypoderm.  It  belongs  to  the  group  of  lipochromes,  like  some  of  the  pigments  of  the  retina, 
llie  h^emocyanin  is  respiratory  in  function,  and  it  is  remarkable  that  it  is  contained  in  the  plasma, 
and  not  in  the  formed  elements  like  the  Hb  of  vertebrates.  So  that,  stated  broadly,  in  these 
invertebrates  the  plasma  is  both  nutritive  and  respiratory  in  its  functions,  while  iiT  vertebrates 
the  red  corpuscles  chiefly  are  respiratory  and  the  plasma  nutritive.] 

II.  Fats  (o.i  to  0.2   per  cent.). — Neutral  fats  (tristearin,  tripalmitin. 
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triolein)  occur  in  the  blood  in  the  form  of  small  microscopic  granules,  which, 
after  a  meal  rich  in  fat  (or  milk),  render  the  serum  quite  milky. 

[The  amount  of  fat  in  the  serum  of  fasting  animals  is  about  0.2  per  cent. ;  during  digestion 
0.4  to  0.6  per  cent. ;  and  in  dogs  fed  on  a  diet  rich  in  fat  it  may  be  1.25  per  cent.  There  are 
also  minute  traces  of  fatty  acids  (succinic).  Rdhrig  showed  that  soluble  soaps^  i.  e,y  alkaline 
salts  of  the  fatty  acids,  cannot  exist  in  the  blood.  Cholesterin  may  be  considered  along  with 
the  fats.  It  occurs  in  considerable  amount  in  nerve-tissues,  and,  like  fats,  is  extracted  by  ether 
from  the  dry  residue  of  blood  serum.  Hoppe-Seyler  found  0.019  to  0.314  per  cent,  in  the  serum 
of  the  blood  of  fattened  geese.  There  is  no  fat  in  the  red  blood- corpuscles.  Lecithin  (its  de- 
composition-products, glycerin-phosphoric  acid  and  protagon)  occur  in  serum  and  also  in  the 
blood-corpuscles.  ] 

III.  Traces  of  Grape-Sugar  [o.  i  to  0.15  per  cent,  (more  in  the  hepatic  vein, 
0.23  per  cent.)]  derived  from  the  liver  and  muscles,  and  increased  after  hemor- 
rhage (§  175)  ;  some  glycogen,  and  another  reducing  fermentative  substance. 

The  amount  of  gjape-suga^  in  the  blood  increases  with  the  absorption  of  sugar  from  the 
intestine,  and  this  increase  is  most  obvious  in  the  blood  of  the  portal  and  hepatic  veins ;  there  is 
also  a  slight  increase  in  the  arterial  blood,  but  there  it  is  rapidly  changed.  The  presence  of 
sugar  b  ascertained  by  coagulating  blood  by  boiling  it  with  sodium  sulphate,  pressing  out  the 
fluid,  and  testing  it  for  sugar  with  Fehling's  solution  (67.  Bernard).  Pavy  coagulates  the  blood 
with  alcohol. 

IV.  Extractives. — Kreatin,  urea  (0.016  per  cent.,  increased  after  nitro- 
genous food),  succinic  acid,  and  uric  acid  (more  abundant  in  gouty  conditions), 
guanin  (?),  carbamic  acid,  sarcolactic  acid,  all  occur  in  very  small  amounts. 

V.  Salts  (0.85  percent.),  especially  sodic  chloride^  (0.5  per  cent.)  and  sodic 
carbonate,  [It  is  most  important  to  note  that  the  soda  salts  are  far  more  abun- 
dant in  the  serum  than  the  potassium  salts.  The  ratio  may  be  as  high  as  10 : 
I.]  Animal  diet  increases  the  amount  of  salts,  vegetable  food  diminishes  it 
temporarily. 

Salts  in  human  blood-serum  {^Hoppe-Seyler). 


Sodic  Chloride,  .    .   .  4.92  per  1000 
"        Sulphate,    .    .    .  0.44       " 
"       Carbonate,  ...  0.21        «* 


Sodic  Phosphate,  .   .    .   .  0.15  per  1000 
Calcic  Phophate,  .    .    •  \^-,         « 
Magnesic   "         ...  /°'^ 


If  large  quantities  of  salts  are  introduced  into  the  blood,  they  almost  entirely  disappear  from 
the  blood -stream  within  a  few  minutes,  chiefly  by  diffusion  into  the  tissues.  They  are  gradually 
eliminated  by  the  kidneys.     The  same  is  true  of  sugar  and  peptones  i^Ludwig  and  Klicowicz). 

VI.  Water  about  90  per  cent. 

VII.  A  yellow  pigment. 

The  pigment  may  be  extracted  with  methylic  alcohol.  It  shows  two  absorption-bands  of  a 
lipochrome  like  lutein  {Krukenberg).  Thudichum  regards  the  pigment  of  the  serum  as  lutein; 
Maly,  as  hydrobilirubin ;  and  MacMunn  as  choletelin. 

[Poisonous  Blood-serum. — The  blood-serum  of  the  following  genera  of  fishes — Angoilla, 
Muraena,  and  Conger — acts  as  a  powerful  poison.  Mosso  calls  the  poisonous  substances  ichthi- 
toxin.  A  dose  of  0.02  c.  c.  per  kilogramme  weight  of  a  dog  is  fatal.  The  action  of  this  body 
is  analogous  to  that  of  snake- poison.] 

33.  THE  GASES  OF  THE  BLOOD.— Absorption  by  Solid  Bodies.— A  consider- 
able  attraction  exbts  between  the  particles  of  solid  porous  bodies  and  gases,  whereby  the  latter 
.are  attracted  and  condensed  within  the  pores  of  solid  bodies,  f.  ^.,  the  gases  are  absorbed.  Thus, 
I  volume  of  boxwood  charcoal  (at  12*^  C.  and  ordinary  barometric  pressure)  absorbs  35  volumes 
CO,,  9.4  vol.  O,  7.5  vol.  N,  1.75  vol.  H.  Heat  is  always  formed  when  gases  are  absorbed,  and 
the  amount  of  heat  evolved  bears  a  relation  to  the  energy  with  which  the  absorption  takes  place. 
Non-porous  bodies  are  similarly  invested  by  a  layer  of  condensed  gases  on  their  surface. 

By  Fluids. — Fluids  can  also  absorb  gases.  A  knoTvn  quantity  of  fluid  at  different  pressures 
always  absorbs  the  same  volume  of  gas.  Whether  the  pressure  be  great  or  small,  the  volume  of 
the  gas  absorbed  is  equally  great  ( W.  Henry).  But  according  to  Boyle  (1662)  and  Marriotte's 
law  (1679)  on  the  compression  of  gases,  when  the  pressure  within  the  same  volume  of  gas  is 
increased,  the  volume  varies  inversely  as  the  pressure.  Hence  it  follows  that,  with  varying 
pressure^  the  volume  of  gas  absorb^  remains  the  same,  but  the  quantity  of  gas  [weight)  is 
directly  proportional  to  the  pressure.  If  the  pressure  =  o,  the  weight  of  the  gas  absorbed  must 
also  =  0.  As  a  necessary  result  of  this,  we  see  that  (i)  jfluids  can  be  freed  of  their  absorbed 
gases  in  a  vaaium  under  an  air-pump. 
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Coefficient  of  Absorption  meaDS  the  volume  of  a  gas  (0°  C.)  which  is  absorbed  by  a  unit  of 
volume  of  a  liquid  (at  760  mm.  Hg)  at  a  given  temperature.  The  volume  of  a  gas  absorbed, 
and  therefore  the  coefficient  of  absorption,  is  quite  independent  of  the  pressure,  while  the  weight 
of  the  gas  is  proportional  to  it.  Temperature  has  an  important  influence  on  the  coefficient  of 
absorption.  With  a  low  temperature  it  is  greatest ;  it  diminishes  as  the  temperature  increases ; 
and  at  the  boiling  point  it  =  o.  Hence  it  follows  that — (2)  absorbed  gases  may  be  expelled 
from  fluids  simply  by  causing  the  fluids  to  boil.  The  coefficient  of  absorption  diminishes  for 
different  fluids  and  gases,  with  increasing  temperature,  in  a  special j  and  by  no  means  uniform, 
manner,  which  must  be  determined  empirically  for  each  liquid  and  gas.  Thus  the  coefficient 
of  absorption  for  CO,  in  water  diminishes  with  an  increasing  temperature,  while  that  for  H  in 
water  remains  unchanged  between  0°  and  ;o°  C. 

Diffusion  of  Gases. — Gases  which  do  not  enter  into  chemical  combinations  with  each  other 
mix  with  each  other  in  definite  proportions.  If  the  necks  of  two  flasks  be  placed  in  communi- 
cation by  means  of  a  glass  or  other  tube,  and  if  the  lower  flask  contain  CO  2,  and  the  upper  one 
H,  the  gases  mix  quite  independently  of  their  different  specific  gravities^  both  gases  forming  in 
each  flask  a  perfectly  uniform  mixture.  The  phenomenon  is  called  the  diffusion  of  gases.  If 
a  porous  membrane  be  previously  inserted  between  the  gases,  the  exchange  of  gases  still  goes  on 
through  the  membrane.  But  (as  with  endosmosis  in  fluids]  the  gases  pass  with  unequal  rapidity 
through  the  pores,  so  that  at  the  beginning  of  the  experiment  a  larger  amount  of  gas  is  found 
on  one  side  of  the  membrane  than  on  the  other.  According  to  Graham,  the  rapidity  of  the 
difiiision  of  the  gases  through  the  pores  is  inversely  proportional  to  the  square  root  of  their 
specific  gravities.     (According  to  Bunsen,  however,  this  is  not  quite  correct.) 

Different  Gases  in  a  Gaseous  Mixture  do  not  Exert  Pressure  upon  one  another .— 
Gases,  therefore,  pass  into  a  space  filled  with  another  gas,  as  they  would  pass  into  a  vacuum.  If 
the  surface  of  a  fluid  containing  absorbed  gases  be  placed  in  contact  with  a  very  large  quantity 
of  another  gas,  the  absorbed  gases  difluse  into  the  latter.  Hence,  absorbed  gases  can  be  removed 
by  (3)  passing  a  stream  of  another  gas  through  the  fluids  or  by  merely  shaking  up  the  fluid  with 
another  gas. 

Partial  Pressure. — If  two  or  more  gases  are  mixed  in  a  closed  space  over  a  fluid,  as  the 
different  gases  existing  in  a  gaseous  mixture  exert  no  pressure  upon  each  other,  the  several  gases 
are  absorbed.  The  weight  of  each  absorbed  is  proportional  to  the  pressure  under  which  each 
gas  would  be,  were  it  the  only  gas  in  the  space.  The  pressure  is  called  the  partial  pressure  of 
a  gas  (Bunsen).  The  absorption  of  gases  from  their  mixtures,  therefore,  is  proportional  to  the 
partial  pressure.  The  partial  pressure  of  a  gas  in  a  space  is  at  the  same  time  the  expression  for 
the  ten»on  of  the  gas  absorbed  by  a  fluid. 

The  air  contains  0.2096  volume  of  O  and  0.7904  volume  N.  If  i  volume  of  the  air  be  placed 
under  a  pressure,  P,  over  water,  the  partial  pressure  under  which  O  is  absorbed  =  0.2096  P ; 
that  for  N  =  0.7904  P.  At  0°  C.,  and  760  mm.  pressure,  i  volume  of  water  absorbs  0.02477 
volume  of  air,  consisting  of  0.00862  volume  O,  and  0.01615  volume  N.  The  absorbed  air 
contains,  therefore,  34  per  cent.  O  and  66  per  cent.  N.  Therefore ^  water  absorbs  from  the  air  a 
mixture  of  gases  containing  a  larger  percentage  of  O  than  the  air  itself 

54.  EXTRACTION  OF  THE  BLOOD  GASES.— [The  blood  to  be  analyzed  must  be 
collected  over  mercury  so  as  to  avoid  contact  with  air.  This  is  done  by  means  of  a  special  appa- 
ratus, consisting  of  a  graduated  tube  filled  with  mercury  and  communicating  with  a  glass  globe 
also  filled  with  mercury,  which  can  be  lowered  as  the  blood  flows  into  the  graduated  tube.]  The 
extraction  of  the  gases  from  the  blood,  and  their  collection  for  chemical  analysis,  are  carried  out 
by  means  of  the  mercurial  pump  [C.  Ludwig).  Fig.  29  shows  in  a  diagrammatic  form  the 
arrangement  of  PflUger's  gas-pump. 

Pflug^r's  Gas-pump. — It  consists  of  a  receptacle  for  the  blood,  or  «  blood  bulb  "  (A),  a 
glass  globe  capable  of  containing  250  to  300  c.  c,  connected  above  and  below  with  tubes,  each  of 
which  is  provided  with  a  stop-cock,  a  and  b\  3  is  an  ordinary  stop-cock,  while  a  has  through  its 
kmg  axis  a  perforation  which  opens  at  x,  and  is  so  arranged  that,  according  to  the  position  of  the 
handle,  it  leads  up  into  the  blood-bulb  (position  x,  a)  or  downwards  through  the  lower  tube 
(posidoo  x^t  a^).  This  blood-bulb  is  first  completely  emptied  of  air  (by  means  of  a  mercurial 
air-pump),  and  then  carefully  weighed.  One  end  ix^)  of- it  is  tied  into  an  artery  or  vein  of  an 
animal,  and  when  the  lower  stop- cock  is  placed  m  the  position  x,  a,  blood  flows  into  the 
receptacle.  When  the  necessary  amount  of  blood  is  collected,  the  lower  stop-cock  is  put  into 
the  position  4/,  a^,  and  the  blood-bulb,  after  being  cleaned  most  carefully,  is  weighed  to  ascertain 
the  weight  of  the  amount  of  blood  collected,  llie  second  part  of  the  apparatus  consists  of  the 
froth-chamber,  B,  leading  upwards  and  downwards  into  tubes,  each  of  which  is  provided 
wiih  an  ordinary  stop-cock,  c  and  d.  The  froth-chamber,  as  its  name  denotes,  is  to  catch  the  froth 
which  is  formed  during  the  energetic  evolution  of  the  gases  from  the  blood.  The  lower  aperture 
of  the  froth-chamber  is  connected  by  means  of  a  well-ground  tube  with  the  blood-bulb,  while 
^wve  It  communicates  with  the  third  part  of  the  apparatus,  the  dr3ring-chamber.  G.  This 
co&asts  of  a  U-shaped  tube,  provided  below  with  a  small  glass  bulb,  which  is  half  filled  with 


48 


GAS   PUMPS. 


[Sec.  34. 


sulphuric  acid,  while  in  its  limbs  are  placed  pieces  of  pumice-stone,  also  moistened  with  sulphuric 
acid.  As  the  blood  gases  pass  through  this  apparatus  (which  may  be  shut  off  by  the  stop-cocks 
i  and/),  they  are  freed  from  their  watery  vapor  by  the  sulphuric  acid,  so  that  they  pass  quite 
dry  through  the  stop- cock,/.  The  short,  well-ground  tube,  D,  is  fixed  to/,  and  to  the  former 
is  attached  the  small  barometric  tube  or  manometer,  y,  which  indicates  the  extent  of  the  vacuum. 
From  D  we  pass  to  the  pump  proper.    This  consists  of  two  large  glass  bulbs,  which  are  con- 


Fig.  29. 

Scheme  of  Pfltiger*s  gas  pump.  A,  blood-bulb;  a,  stop-cock,  with  a  longitudinal  perforation^ 
opening  upwards ;  a',  the  same,  opening  downwards ;  b  and  c,  stop-cocks;  B,  froth-chamber; 
^,  ^,/,  stop-cocks;  G,  drying-chambers,  containing  sulphuric  acid  and  pumice-stone;  D. 
tube,  with  manometer,  y, 

tinned  above  and  below  into  open  tubes;  the  lower  tubes,  Z  and  W,  being  united  by  a  caoutchouc 
tube  G.  Both  the  bulbs  and  the  caoutchouc  tube  contain  mercury — the  bulbs  being  about  half 
full,  and  F  larger  than  £.  The  bulb,  £,  is  fixed ;  but  F  can  be  raised  or  lowered  by  means  of  a 
pulley  with  a  rack  and  pinion  motion.  If  F  be  raised,  E  is  filled ;  if  F  be  lowered,  E  is  emptied. 
The  upper  end  of  E  divides  into  two  tubes,  g  and  h,  of  which  g  is  united  to  D.  The  ascending 
tube,  h  (gas- delivery  tube),  is  very  narrow,  and  is  bent  so  that  its  free  end  dips  into  a  vessel 
containing  mercury,  v  (a  pneumatic  trough),  and  the  opening  is  placed  exactly  under  the  tube 
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ha  collccliDg  the  gases,  (he  eudiometer,  J,  which  U  also  filled  wiih  mercuiy.     When  g  and  H 
onke.  there  is  a  iwo  way  stop-cock,  which  in  one  pcMlion,  H,  places  E  in  conmianication  with 

A,  B,  G,  D,  the  chambers  to  be  exhausted,  and  b  the  posilion  K  shuts  off  A,  B,  G  D,  and 
places  the  bulb,  E.  in  communicaiioD  with  the  t!ss-deliTei7  inb«,  ^,  and  the  eudiometer,  J. 

B,  G,  D  are  coEoplelely  eioptied  of  air  thns:  The 
stop-cock  is  placed  in  the  position,  K ;  raise  F  until 
drops  of  mercury  is^ne  from  the  fine  tube,  t  (not  yet 

f  laced  under  j ) ;  place  the  stop-cock  in  the  position 
[,  tower  F;  stop-cock  in  position,  C,  and  so  on  until 
the  barometer,  y,  indicates  a  complete  vacuum.  J  is 
now  placed  over  i.  Open  the  cocks,  c  and  6,  so  Uial 
the  blood-bulb,  A,  communicales  widi  the  rest  of  the 
apparatus,  and  Ihe  blood  gases  froth  up  in  B,  and 
after  being  dried  in  G  pass  towards  E.  Lower  F, 
ajid  thef  pass  into  E;  stop-cock  in  position,  K,  raise 
F,  and  the  gases  are  collected  in  J  under  mercury. 
The  repeated  lowering  and  raising  of  F  with  the 
corresponding  position  of  the  stop-cocks  ultimately 
drives  all  the  gases  into  J.  The  removal  of  the  gases 
is  greatly  racilitiled  by  placing  the  blood-bulh,  A,  in 
a  vessel  containing  water  at  6o°  C.  [Non-defibhnaled 
blood  may  be  used  with  this  pump,  and  the  gases  are 
kept  dry  by  being  connected  willi  (he  chamber,  G, 
containing  sulphuric  acid.] 

It  is  well  to  remove  the  gases  from  the  blood  im- 
mediately after  it  is  collected  from  a  blood-vessel, 
became  the  O  nndergocs  a  diminution  if  the  blood  be 
knL  Of  coarse,  in  making  several  analyses,  it  is 
difficult  to  do  this,  and  the  best  plan  to  pursue  in 
the  ease  is  to  keep  the  receptacles  containing  the 
blood  on  ice. 

[AlTer^niat'a  Pump.— A  simpler  form  of  gas- 
pnmp,  first  nsed  by  Grihant,  modified  and  used  by 
Paul  Bert,  and  called  after  ils  present  maker,  is  fre- 
quently adopted  (t^.  30  and  31),  It  is  the  one  most 
frequently  employed  in  the  French  laboratories.  The 
rnzplacle  (R)  receives  Ihe  blood  from  the  lube  (r). 
The  bulb  (A  and  B),  connected  by  a  caoutchouc  tube 
and  containing  mercury,  represent  the  pump.  The 
bulb  (B)  can  be  raised  or  lowered  by  means  of  the 
handle  (M),  a -flat  band  bdng  attached  to  B  and 
working  over  a  pulley  (P).  By  alternately  raising  and 
depressing  (B)  a  vacuum  is  created  in  the  reservoir 
(R)  and  the  tabes  connected  with  it.  The  gases  pass 
over  into  the  eudiometer  {A),  which  has  its  lower  end  ; 
in  the  cup  (;:)  containing  mercury.] 

[The  mercuiy  pump  (A,  B)  is  compoEed  of  a  thick,  , 
retticallj  placed  barometer  lube  (a)  communicating 
below  by  thick  caoutchouc  (ubing  wilh  the  bulb  (B) 
containing  Hg.  The  hu!b  (A)  communicates  superiorly  . 
by  means  of  the  three  way  stop-cock  (T)  wltb  the  cup  . 
of  mercury  (c),  and  thus  with  the  eudiometer  (A), 
while  horizontally  i(  communicMei  with  (he  tubes 
connected  with  the  reservoir  (R).     The  stop-cock 

(T)  can  be  so  placed  as  to  cut  ofT  all  communication  ^'S-  30. 

betwecD  the  bulb  (A)  and  the  eiterior,  or  the  bulb    Grihant's  and  Bert's  gas-pump,  as  made 
can  be  pUced  in  communication  with  A,  or  with  R.]  by  Alvenraiat  of  Paris. 

[This  ii  done  as  folkws ;  Place  the  tap  (T)  in  the 
position  (3),  raise  B  until  it  is  filled  with  Hg,  and  alt  the  air  is  driven  out  at  i.  Turn  the  tap 
into  the  position  (i)  so  tbal  all  connection  iKtween  A  and  ^  is  cut  olT-,  lower  B,  aoda  vacuum  is 
estahliibed  in  A  and  a.  Place  the  tap  in  the  position  (3),  and  Connect  A  with  g,  and  therefore 
wilh  R,  the  tap  in  /  being  closed,  when  at  once  a  partial  vacuum  is  established  in  the  system  R,^, 
A,  a.  Turn  the  tap  T  into  the  position  (2),  raise  B  and  expel  (he  air  through  I  i.  Turn  (he  tap 
T  into  the  position  ( I  ],  lower  B,  turn  the  tap  into  Ihe  position  (i),  and  part  of  Ihe  remainder  of 
the  air  in  ^  and  R  passes  into  A  and  />,  so  thai  the  vacuum  in  R  and  ff  is  slill  further  increased. 
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Repeal  the  process  as  above  until  a  complele  vacuum  exists  in  R  sndf.  Collect  100  c.  c.  of 
blood  under  mercurj,  and  iDtroduce  50  c.  c.  of  it  through  ibe  lube  /  into  the  targe  receiver  R, 
vhtn  it  gives  up  its  gases  to  the  vacuum.  The  blood  immediately  froths  up  and  loses  ils  bright 
red  color,  becoming  of  a  dark  claret  lint.  Fill  the  tube  or  eudionKter  (i)  with  mercury  and 
insert  it  over  i.  By  turning  the  tap  T  into  the  positioD  (3),  on  lowering  B  the  blood  gases  pass 
itito  A  a,  on  turning  the  lap  into  the  position  (l)  nod  raising  B  the  gases  are  forced  into  and 

collected  in  i.  The  escape  of 
the  gases  from  the  bloofi  is 
greatly  facilitated  by  placing 
the  bulb  R  in  warm  water  as 
shown  in  ihe  figure ;  and, 
moreover,  the  escape  of  watery 
vapor  helps  to  carry  over  the 
gases  more  rapidly  into  A  a. 
In  some  forms  of  the  instru- 
ment a  drying-vessel  contaio- 
iog  pumice  stone  and  sulphuric 
acid  is  introduced  between  R 
and  T.  The  jointsof  the  appa- 
ratus are  surrounded  with  caps 
of  caoutchouc,  which  are  filled 
with  mercuiy  when  the  appa- 
ratus is  in  use;  thus  any  leak- 
age  at  a  joiiu   ii  detected  at 

Mayow  (1670)  observed  that 
gases  were  given  off  from  blood 
in  vacua,  Magnus  (1837)  in- 
vestigated the  percentage  com- 
position of  the  blood  gases. 
The  more  important  recent  in- 
vcsligalions  have  been  made  by 
Lolhar  Meyer  (1857),  and  i^ 
the  pupils  of  C.  Ludwig  and 
E.  PflUger. 

35.  QUANTITA- 
TIVE ESTIMA- 
TION OF  THE 
BLOOD     GASES.— 

,  „        .  ,         *'^'     „  ,    r    . ,    ,    The  gases  obtained  from 

Scheme  of  Alveivniats  gas-pump.  R,  receptacle  for  blood;  ui„„j  „„„„;„,  „r  1-1  nf\ 
t,  thick  tube  with  tap^coSmunicaling  with  it;  A  and  B.  bl<X.d  consist  of  O,  CO,, 
bulbs  for  mercury;  a,  barometer  tubing;  M,  windlass  ;  P,  and  N.  Pfillger  Ofalained 
pulley;  T,tap;  /,  connecting  tube  to  R;  f,  cup  for  mer-  (at  0°  C.  and  760  mm. 
cury;  A,  eudiometer;  II,  i,  1,  3,  positions  that  can  be  given  Hg  pressure)  in  round 
(o  the  three-way  slop-cock  or  tap  T.  I,  Small  part  of  c  numbers  about  60  vols, 
and  T  enlarged  to  show  Ihe  eudiometer.  ^^  ^^^j_  f^^^  ^^^  ^^^^;^, 

blood  of  a  dog  (large  artery)  and  from  venous  blood  (right  side  of  heart).  As 
is  shown  in  figs,  39  (J)  and  30,  the  gases  are  collected  in  an  eudiometer,  i.e., 
in  a  narrow  tube,  closed  at  one  end,  and  with  a  very  exact  scale  marked  on  it, 
and  having  two  fine  platinum  wires  melted  into  its  upper  end,  with  their  free 
ends  projecting  into  the  tube  {p  and  n). 

(l)  EBtimation  of  the  CO,.— A  smtilhaW  oi /uieJ  tauitic potash,  fixed  on  »  platinum  wire, 
is  introduced  into  Ihe  miiture  of  gases  through  the  lower  end  of  the  eudiometer  under  cover  of 
the  mercury.  The  surface  of  the  potash  ball  is  moistened  before  it  is  introduced.  The  CO, 
unites  with  the  potash  10  form  potassium  carbonate.  The  potash  bulb  is  withdrawn  after  34 
hours.     The  diminution  in  volume  indicates  the  amount  of  CO,  absorbed. 

(z)  Estimation  of  the  0.  —  {a)  Just  as  in  estimating  the  CO,,  a  ball  oi pkoiphorus  on  a 
platinum  wire  is  introduced  into  ihe  eudiometer;  il  abs^H-bs  the  O  and  forms  phosphoric  acid. 
Another  plan  is  to  employ  a  small  papier-machf  ball  saturated  with  pyrogallie  acid  in  cauilic 
potash,  which  rapidly  absorbs  O.  After  ihe  ball  is  removed,  the  diminution  in  volume  indicates 
the  quantity  of  O. 
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(S)  The  O  is  most  easily  and  accurately  estimated  by  exploding  it  in  the  eudiometer.  Intro- 
duce a  sufficient  quantity  of  H  into  the  eudiometer,  and  accurately  ascertain  its  volume ;  an 
electrical  spark  is  now  passed  between  the  wires,  /  and  if,  through  the  mixture  of  gases ;  the  O 
and  H  unite  to  form  water,  which  causes  a  diminution  in  the  volume  of  the  gases  in  the  eudio- 
meter, of  which  \  b  due  to  the  O  used  to  form  water  (H^O). 

{c)  Estimation  of  the  N. — When  the  CO,  and  O  are  estimated  by  the  above  method,  the 
remainder  is  pure  N. 

36.  THE  BLOOD  GASES.— [In  human  blood  the  average  total 
gases  are  estimated  to  be  in  round  numbers  60  vols,  per  cent,  at  o^  C.  and 
760  mm.  pressure,  made  up  as  follows : — 

O  CO,  N 

Arterial  blood,  20  39         1.4  per  cent. 

Venous  blood,        8  to  12        46        1.4      "        ] 

or,  47.3  vols.  p>er  cent,  calculated  at  o*^  C.  and  i  metre  pressure, 

Arterial  blood,  17  30         i  to  2  per  cent. 

Venous  blood,        6  to  10        35         i  to  2       " 

[Thus  venous  blood  contains  8-12  per  cent,  less  O  and  6  per  cent,  more  CO, 
than  arterial  blood.  The  amount  of  gases  obtained  from  venous  blood  under 
different  conditions  varies  greatly,  as  is  stated  below.] 

I .  Oxygen  exists  in  arterial  blood  (dog)  on  an  average  to  the  extent  of  1 7 
volumes  per  cent,  (at  0°  C.  and  i  metre  Hg.  pressure)  PflUger),  or  20  volumes 
per  cent,  (at  0°  C.  and  760  mm.  pressure).  According  to  PflUger,  arterial  blood 
(dog)  is  saturated  to  ^  with  O,  while,  according  to  Hiifner,  it  is  saturated  to  the 
extent  of  \^,  In  venous  blood  the  quantity  varies  very  greatly ;  in  the  blood 
of  a  passive  muscle  6  volumes  p)er  cent,  have  been  found ;  while  in  the  blood 
after  asphyxia  it  is  absent,  or  occurs  only  in  traces.  It  is  certainly  more  abund- 
ant in  the  comparatively  red  blood  of  active  glands  (salivary  glands,  kidney) 
than  in  ordinary  dark  venous  blood. 

[Modifying  Conditions. — The  amount  of  O  obtainable  from  the  blood  depends  upon  the 
crgran  from  which  the  blood  comes,  or  whether  the  organ  be  active  or  at  rest.  Thus  the  O  present 
in  the 

Carotid  artery  is, 21  per  cent.      I      Renal  vein  (kidney  active),  17  per  cent. 

Renal  artery, 19      **  |      Renal  vein  (kidney  at  rest),   6      " 

Bert  finds  that  increase  of  the  atmospheric  pressure  from  I  to  10  atmospheres  raises  the 
amonnt  of  O  in  arterial  blood  from  20  to  over  24  per  cent,  and  the  N  from  1.8  to  over  9  per 
cent.,  while  the  CO,  is  but  slightly  affected.  Only  10-15  volumes  per  cent,  of  O  are  obtained 
from  the  blood  of  herbivora  (sheep,  rabbit),  as  these  animals  have  a  small  number  of  corpuscles, 
and  haemoglobin.  The  amount  of  haemoglobin  and  O  is  much  less  in  cold-blooded  animals. 
The  amount  of  CO,  in  peptone  blood  is  diminished  by  about  one-half,  while  the  O  b  slightly 
increased  (Lahousse).'] 

The  O  in  Blood  occurs^a)  simply  absorbed  in  the  plasma.  This  is  only  a 
minimal  amoimt,  and  does  not  exceed  what  distilled  water  at  the  temperature 
of  the  body  would  take  up  at  the  partial  pressure  of  the  O  in  the  air  of  the 
lungs  {Lothar  Meyer). 

Qf)  Almost  the  total  O  of  the  blood  is  chemically  united,  and  therefore  not 
subject  to  the  law  of  absorption.  It  is  loosely  united  to  the  haemoglobin  of  the 
red  coi5)uscles,  with  which  it  forms  oxyhaemoglobin  (§  15).  With  regard  to 
the  taking  up  of  O,  the  total  quantity  of  blood  behaves  exactly  like  a  solution 
of  haemoglobin  free  from  O  {Preyer),  The  absorption  of  O  is  more  rapid  in 
blood  than  in  a  solution  of  Hb. 

The  absorption  of  thb  quantity  of  O  is  completely  independent  of  pressure ;  hence,  animals 
confined  in  a  close  space,  until  they  are  nearly  asphyxiated,  can  use  up  almost  all  the  O  irom. 
the  surrounding  atmosphere.  The  fact  of  the  union  being  independent  of  pressure  is  proved  by 
the  following :  The  blood  only  gives  off  copiously  its  chemically  united  O  when  the  atmo- 
spheric  pressure  is  lowered  to  20  millimetres  Hg  ( tVorm  MUiier) ;  and,  conversely,  blood  only 
takes  up  a  little  more  O  when  the  pressure  is  increased  to  6  atmospheres  (Bert), 
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Physical  Methods  of  obtaining  O  from  Blood. — Notwithstanding  the 
chemical  union  between  the  Hb  and  O,  all  the  O  of  the  blood  can  be  expelled 
from  its  state  of  combination  by  those  means  which  set  free  absorbed  gases — 

(j)  by  introducing  blood  into  a  Torricellian  vacuum. 

{b)  by  boiling. 

I/)  by  the  conduction  of  other  gases  [H,  N,  CO,  or  NO]  through  the  blood, 
because  the  oxy haemoglobin  compound  is  so  loose  that  it  is  decomposed 
even  by  these  physical  means. 

Reducing  Reagents. — ^Amongst  chemical  reagents  the  following  reducing 
substances — ammonium  sulphide,  sulphuretted  hydrogen,  alkaline  solutions  of 
sub-salts  or  Stokes's  fluid,  iron  filings,  etc.,  rob  blood  of  its  O  (§  15). 

Relation  to  Fe. — The  amount  of  iron  in  the  blood  (0.55  in  1000  parts)  stands  in  direct  rela- 
tion to  the  amount  of  Hb;  this  to  the  quantity  of  blood-corpuscles;  and  this,  in  turn, to  the 
specific  gravity  of  the  blood.  The  amount  of  O  in  the  blood,  therefore,  is  nearly  proportional  ta 
the  specific  gravity  of  the  blood,  and  it  is  also  in  proportion  to  the  amount  of  iron  in  the  blood. 
The  total  amount  of  iron  in  the  blood  is  about  3  grams. 

During  morphia  narcosis  the  amount  of  O  in  the  blood  is  diminished  {Ewald)\  after  hemor- 
rhage the  arterial  blood  is  saturated  with  O  ( /.  G.  Ott), 

Disappearance  of  O  in  Shed  Blood. — Even  immediately  after  blood  is  shed  there  is  a  slight 
disappearance  of  O,  as  a  physiological  index  of  respiration  of  the  tissues  within  the  living  blood 
itself  ({  131).  When  blood  is  kept  long  outside  of  the  blood-vesseb,  the  quantity  of  O  gradually 
diminishes,  and  if  it  be  kept  for  a  length  of  time  at  a  high  temperature  it  may  disappear  alto- 
gether. This  depends  upon  decomposition  occurring  in  the  blood,  whereby  reducing  substances 
are  formed  which  consume  the  O.  All  kinds  of  blood,  however,  do  not  act  with  equal  energy 
in  consvming  O,  e.  g,,  venous  blood  from  aaive  muscles  acts  most  energetically,  while  that  from 
the  hepatic  vein  has  very  little  effect.  CO 2  appears  in  the  blood  in  place  of  the  O,  and  the  color 
darkens.     The  amount  of  CO  2  produced  is  sometimes  greater  than  that  of  the  O  consumed. 

Relation  to  Acids. — If  blood  (or  a  soluti«.  n  of  oxyhaemoglobin)  be  acted  upon  by  acids  (e,  g., 
tartaric  acid)  until  it  is  strongly  acid,  O  can  be  pumped  out  in  considerably  less  amount,  while 
the  formation  of  CO,  is  not  increased.  We  must  therefore  assume  that,  daring  the  decomposi- 
tion of  the  Hb  caused  by  the  acids  (J  iS),a  decomposition  product  becomes  more  highly  oxidized, 
by  the  intense  chemical  union  of  the  O  at  the  moment  of  its  origin  (LoiAar  Meyer ^  Zuntz^ 
Strassburg).     The  same  phenomenon  occurs  when  oxyhsemoglobin  is  decomposed  by  boiling, 

37.  IS  OZONE  PRESENT  IN  BLOOD?— On  account  of  the  num- 
erous and  energetic  oxidations  which  occur  in  connection  with  the  blood,  the 
question  has  often  been  raised  as  to  whether  the  O  of  the  blood  exists  in  the 
form  of  ozone  (Oj).  Ozone,  however,  is  contained  neither  in  the  blood  itself 
{Schdnbeifi)  nor  in  the  blood  gases  obtained  from  it.  Nevertheless,  the  red 
corpuscles  (and  Hb)  have  a  distinct  relation  to  ozone. 

(\)  Tests  for  Ozone. — Haemoglobin  acts  as  a  conveyer  of  otone,  i.  ^.,  it  is  able  to  remove  the 
active  O  of  other  bodies  and  to  convey  or  transfer  it  at  once  to  other  easily  oxidizable  substances. 
(a)  Turpentine  which  has  been  exposed  to  the  air  for  a  long  time  always  contains  ozone.  The 
tests  for  the  latter  are  starch  and  potassium  iodide,  the  ozone  decomposing  the  iodide,  when  the 
iodine  strikes  a  blue  with  the  starch.  {b\  Freshly- prepared  tincture  of  guaiacum  is  also  rendered 
blue  by  ozone.  If  some  tincture  of  guaiacum  be  added  to  turpentine  there  is  no  reaction,  but  on 
adding  a  drop  of  blood  a  deep  blue  color  is  immediately  produced,  f.  ^.,  blood  takes  the  ozone 
from  the  turpentine  and  conveys  it  at  once  to  the  dissolved  guaiacum,  which  becomes  blue.  It  is 
immaterial  whether  the  Hb  contains  O  or  not. 

(2)  It  is  also  asserted  that  haemoglobin  acts  as  an  ozone  producer^  i.  e,y  that  it  can  convert  the 
ordinary  O  of  the  air  into  ozone.  Hence  the  reason  why  red  blood- corpuscles  alone  render 
guaiacum  blue.  This  reaction  succeeds  best  when  the  guaiacum  solution  is  allowed  to  dry  on 
blotting-paper,  and  a  few  drops  of  blood  (diluted  5  to  10  times)  are  poured  on  it  That  the  W\> 
forms  ozone  from  the  surrounding  O  is  shown  by  the  fact  that  red  blood-corpuscles  containing 
carbonic  oxide  cause  the  blue  color  (KUhne  and  Schole).  According  to  Pflilger,  however,  these 
reactions  only  occur  from  decomposition  of  the  Hb,  so  that  on  this  view  the  blood  corpuscles 
cannot  be  regarded  as  producers  of  ozone. 

Sulphuretted  hydrogen  is  decomposed  by  blood  (as  by  ozone  itself  )  into  sulphur  and  water. 
Hydric  peroxide  is  decomposed  by  blood  into  O  and  water  [but  this  reaction  is  prevented  by  the 
addition  of  a  small  amount  of  hydrocyanic  acid  (Sch5nbeinY\.  Crystallized  Hb  does  not  do  this, 
ana  H^Oj  may  be  cautiously  injected  into  the  blood-vessels  of  animals.  This  would  show  that 
unchanged  Hb  does  not  produce  ozone. 
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Varioos  Forms  of  Oxygen. — There  are  three  forms  of  oxygen :  ( i )  The  ordinary  oxygen  (O  ,  ) 
in  the  air.  (2)  Active  or  nascent  oxygen  (O),  which  never  can  occur  in  the  free  state,  but  the 
moment  it  is  formed  acts  as  a  powerful  oxidizing  agent  and  produces  chemical  compounds.  It 
converts  water  Into  hydric  peroxide — the  N  of  the  air  into  nitrous  and  nitric  acids,  and  even 
CO  into  CO^  which  ozone  does  not.  It  certainly  pla3rs  an  important  part  in  the  organism. 
(3)  Ozone  (O3),  which  is  formed  by  the  decomposition  of  several  molecules  of  ordinary  oxygen 
(O,)  into  two  atoms  of  O,  and  the  appropriation  of  each  of  these  atoms  by  a  molecule  of  unde- 
composed  Qxygen.     It  is  oxygen  condensed  to  %  of  its  volume. 

38.  CO,  AND  N  IN  BLOOD.— II.  Carbon  Dioxide.— In  arterial 
blood  there  are  about  39  volumes  per  cent,  at  0°  C.  and  760  mm.  Hg  pressure 
or  30  volumes  per  cent,  of  COj  at  0°  C.  and  i  metre  pressure  (JSetschenow)  ; 
but  in  venous  blood  the  amount  is  very  variable,  e.g,^  in  the  venous  blood  of 
passive  muscles  there  are  35  volumes  per  cent.  (JSczeikow)^  while  in  the  blood  of 
asphyxia  there  may  be  52.6  volumes  per  cent.  The  CO,  in  the  lymph  of 
asphyxia  is  less  than  that  in  the  blood  (^Buchner,  Gaule),  The  CO,  of  the 
blood  may  be  extracted  from  it  or  completely  pumped  out ^  without,  however,  the 
alkaline  reaction  of  the  blood  undergoing  any  change  (Zuutz). 

(A)  The  CO,  in  Plasma  (or  SerumJ). 

(a)  A  minimal  part  is  simply  absorbed  by  the  fluid  part  of  the  blood. 

(Jf)  The  largest  portion  of  the  COt  belongs  to  the  plasma  (or  serum),  and  it  all 
appears  to  be  in  a  state  of  chemical  combination.  Serum  takes  up  CO,  quite 
independently  of  pressure,  hence  it  cannot  be  merely  absorbed.  The  CO,  may 
exist  in  the  followmg  combinations : — 

(1)  A  portion  of  the  CO,  is  loosely  united  to  sodic  carbonate  in  the  form  of 
sodic  bicarbonate ;  the  carbonate  takes  up  i  equivalent  of  CO,;  Na,CO,  + 
CO,  +  H,0  ==  2NaHCO,.  This  CO,  may  be  pumped  out,  as  in  the  process 
the  bicarbonate  splits  up  again  into  the  neutral  carbonate  and  CO,. 

(2)  As  the  bicarbonate  only  gives  up  its  CO,  very  slowly  in  vacuo,  while  blood 
gives  off  its  CO,  very  energetically,  perhaps  the  soda,  united  with  an  albumi- 
nous body  (serum-globulin-alkali  [TorupJ)  combines  with  the  CO,  and  forms  a 
complex  compound,  from  which  the  CO,  is  rapidly  given  off  in  vacuo. 

(3)  A  minimal  portion  of  the  CO,  may  be  chemically  united  with  neutral 
sodic  phosphate  in  the  plasma  (^Fernet'),  One  equivalent  of  this  salt  can  fix  one 
equivalent  of  CO,,  so  acid  sodium  phosphate  and  acid  sodium  carbonate  are 
formed,  NajHPO*  +  CO  +  2H,0  =  NaH,P04  -f  NaH,CO,  (^Hermann). 
When  the  gases  are  removed  the  CO,  escapes,  and  neutral  sodic  phosphate 
remains. 

It  is  probable,  however,  that  almost  all  the  sodic  phosphate  found  in  the  blood- ash  arises  from 
the  bummg  of  lecithin ;  we  have,  therefore,  to  consider  only  the  very  small  amount  of  this  salt 
which  occurs  in  the  plasma  i^Hoppe-Seyler  and  Sertoli), 

(B)  The  CO,  in  the  Blood-Corpuscles. 

The  red  corpuscles  contain  CO,  in  loose  chemical  combination;  for  (i)  a 
volume  of  blood  can  fix  nearly  as  much  CO,  as  an  equal  volume  of  serum 
{Ludwigy  AL  Schmidt) ;  and  (2)  with  increasing  pressure  the  absorption  of  CO, 
by  blood  takes  place  in  a  different  ratio  from  what  occurs  with  serum  {Ffluger, 
Zuntz).  The  red  corpuscles  can  fix  more  CO,  than  their  own  volume,  and  the 
union  of  the  CO,  seems  to  depend  upon  the  Hb,  for  Setschenow  found  that, 
when  Hb  was  acted  on  by  CO,,  its  power  of  fixing  the  latter  was  increased, 
which  is  perhaps  due  to  the  formation  of  some  substance  more  suited  for  fixing 
CO,.  Bohr  found  that  i  gram  of  dissolved  Hb  (dog)  at  120  mm.  Hg  pressure 
unites  with  3.5  c.c.  CO,,  /'.  ^.,  more  than  double  the  quantity  of  O  absorbed 
(p.  26).  It  seems  also  to  be  partly  united  to  the  globulin-alkali  compound 
{Bohr,  Torup),  The  leucocytes,  after  the  manner  of  the  serum-constituents, 
also  fix  CO,  to  the  extent  of  ^  to  3^  of  the  absorbing  power  of  serum. 
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After  the  use  of  I,  Hg,  sodic  oxalate,  and  nitrite,  there  is  a  diminution  of  CO,  in  arterial 
blood  {Feitelberg)^  and  also  in  fever  (Geppert,  Minkowski).  [In  the  last  case  it  is  perhaps  due 
to  the  diminished  alkalinity,  and  this  is  in  part  owing  to  the  acid  products  formed  during  the 
decomposition  of  the  tissues.] 

III.  Nitrogen  exists  in  the  blood  to  the  extent  of  1.4  to  1.6  vol.  per  cent., 
and  it  appears  to  be  simply  absorbed. 

It  is  doubtful  if  any  part  of  the  N  exists  chemically  united  in  the  red  corpuscles.  Blood 
warmed  outside  the  body,  and  with  a  free  supply  of  oxygen,  gives  off  a  minute  quantity  of 
ammonia,  which  is  perhaps  derived  from  the  decomposition  of  some  salt  of  ammonia  as  yet  un- 
known (KUhne  and  Strauch), 

39.  ARTERIAL  AND  VENOUS  BLOOD.— Arterial  blood  con- 
tains  in  solution  all  those  substances  which  are  necessary  for  the  nutrition  of  the 
tissues,  those  which  are  employed  in  secretion,  and  it  also  contains  a  rich  sup- 
ply of  O,  and,  as  we  have  seen,  a  considerable  amount  of  CO2.  Venous  blood 
contains  less  of  the  nutrient  matter,  but  in  addition  it  holds  the  used-up  or 
effete  substances  derived  from  the  tissues,  and  the  products  of  their  retrogressive 
metabolism  are  more  numerous ;  there  is  in  venous  blood  a  larger  amount  of 
CO2,  and  also  a  considerable  amount  of  O. 

[The  fundamental  difference  between  Arterial  and  Venous  blood 
is  due  to  the  relative  proportion  of  oxygen  and  carbon  dioxide  contained  in 
each.  The  difference  in  color  depends  on  this.  If  venous  blood  be  shaken  up 
with  air  or  oxygen  it  becomes  arterial,  while  if  arterial  blood  be  submitted  to  a 
current  of  an  indifferent  gas  such  as  N  or  H,  it  becomes  venous.  It  also  does  so 
if  it  be  sealed  up  in  a  vessel  for  some  time,  whereby  the  oxygen  is  used  up,  and 
gradually  more  and  more  of  the  oxyhaemoglobin  is  changed  into  reduced 
haemoglobin.] 

It  is  evident  also  that  the  blood  of  certain  veins,  the  portal  and  hepatic,  must 
have  special  characters. 

The  following  are  the  most  important  points  of  difference  between  arterial 

blood  and  venous  blood : — 

Arterial  Blood  contains — 

more  O,  more  salts, 


less  CO, 
more  water, 
more  fibrin, 
more  extractives. 


more  fat, 

more  sugar, 

fewer  blood  corpuscles, 

less  urea. 


It  is    redder   and    not 

dichroic. 
As  a  rule  it  is  i^  C.  warmer. 
It  coagulates  more  rapidly. 


The  bright  red  color  of  arterial  blood  depends  on  the  presence  of  oxyhae- 

moglobin,  whilst  the  dark  color  of  venous  blood  is  due  to  its  smaller  proportion 

of  oxyhaemoglobin,  and  the  quantity  of  reduced  haemoglobin  which  it  contains. 

The  dark  change  of  color  is  not  to  be  attributed  to  the  larger  quantity  of  CO, 

in  venous  blood  {Marchand) ;    for  if  equal  quantities  of  O  be  added  to  two 

portions  of  blood,  and  if  CO,  be  added  to  one  of  them,  the  color  is  not 

changed  {^PflUger), 

[According  to  C.  Schmidt,  the  Uood  of  the  portal  vein  contains  more  water,  plasma,  salts, 
and  fats,  but  less  extractives  and  corpuscles  than  the  blood  of  the  hepatic  vein ;  while  (when 
an  animal  is  not  digesting)  sugar  is  absent,  or  at  least  only  in  traces  in  the  portal  vein,  and  in 
considerable  amount  in  the  hepatic  vein  (J  175). 

[Blood  of  the  hepatic  vein  is  said  to  contain  more  corpuscles  than  that  of 
the  portal  vein,  and  it  is  supposed  not  to  coagulate  after  death,  but  this  is  very 
doubtful.  According  to  Drosdoff,  it  contains  more  water,  cholesterin,  and 
lecithin  than  the  portal  vein  except  during  digestion  ;  it  also  contains  more 
sugar,  and  it  is  the  warmest  blood  in  the  body.] 

[Splenic  Vein. — Some  observers  say  that  this  vein  contains  more,  and 
others  fewer,  red-blood  corpuscles  than  that  of  the  artery.  The  statement  is 
also  made  that  it  contains  more  white  corpuscles,  but  this,  again,  is  denied  by 
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TarchanofF.  The  notion  that  its  serum  contains  haemoglobin  has  been  dis- 
proved by  Schafer.  In  this  latter  respect  it  does  not  differ  from  that  of  serum 
of  blood  generally.] 

Renal  Vein. — Here  the  blood  is  bright  red,  and  holds  more  O  and  less  COj 
than  the  blood  of  the  renal  artery.  It  contains  less  water,  NaCi,  uric  acid  and 
urea,  and  coagulates  with  difficulty.] 

40.  QUANTITY  OF  BLOOD.— In  the  adult  the  quantity  of  blood  is 
equal  to  ^  part  of  the  body- weight  {Bischoff^,  [/.  e.y  on  an  average  4-4.5  ^^^os 
(8.8-9.9  lbs.)] ;  in  newly-born  children  ^  {Welcker), 

According  to  SchUcking,  the  amount  of  blood  in  a  newly-born  child  depends  to  some  extent 
apon  the  time  at  which  the  umbilical  cord  is  ligatured.  The  amount  =  -j^^  of  the  body-weight 
when  the  cord  b  tied  at  once,  while  if  it  is  tied  somewhat  later  it  may  be  \.  Immediate 
Hgatnre  of  the  cord  may,  therefore,  deprive  a  newly-born  child  of  100  grams  of  blood. 
Further,  the  number  of  corpuscles  is  less  in  a  child  after  immediate  ligature  of  the  umbilical 
cord  than  when  it  is  tied  somewhat  later  (Helot). 

The  methods  of  Valentin  (1838),  and  Ed.  Weber  (1850),  are  not  now  used,  as  the  results 
obtained  are  not  sufficiently  accurate. 

Method  of  Welcker  (1854). — Begin  by  taking  the  weight  of  the  animal  to  be  experimented 
on ;  place  a  cannula  in  the  carotid,  and  allow  the  blood  to  run  into  a  flask  previously  weighed, 
and  in  which  small  pebbles  (or  Hg)  have  been  placed,  in  order  to  defibrinate  the  blood  by 
shaking.  Take  a  part  of  this  defibrinated  blood,  and  make  it  cherry-red  in  color  by  passing 
through  it  a  stream  of  CO  (because  ordinary  blood  varies  in  color  according  to  the  amount  of 
O  contained  in  it — Gscheidlen^  Heidenhain),  Tie  a  \-  shaped  cannula  in  the  two  cut  ends  of 
the  carotid,  and  allow  a  0.6  per  cent,  solution  of  common  salt  to  flow  into  the  vessel  from  a 
pressure  bottle ;  collect  the  colored  fluid  issuing  from  the  jugular  veins  and  inferior  vena  cava 
until  the  fluid  is  quite  clear.  The  entire  body  is  then  chopped  up  (with  the  exception  of  the 
contents  of  the  stomach  and  intestines,  which  are  weighed,  and  their  weight  deducted  from  the 
body* weight),  and  extracted  with  water,  and  after  twenty- four  hours  the  fluid  is  expressed. 
This  water,  as  well  as  the  washings  with  salt  solution,  are  collected  and  weighed,  and  part  of 
the  mixture  is  saturated  with  CO.  A  sample  of  this  dilute  blood  is  placed  in  a  vessel  with 
parmlld  sides  (i  cm.  apart)  opposite  the  light  (the  so-called  haematinometer),  and  in  a  second 
vessel  of  the  same  dimensions  a  sample  of  the  undiluted  CO  blood  is  dilutea  with  water  from  a 
burette,  until  both  fluids  give  the  same  intensity  of  color.  From  the  quantity  of  water  required 
to  dilute  the  blood  to  the  tint  of  the  washings  of  the  blood-vessels,  the  quantity  of  blood  in  the 
washings  i*  calculated.  On  chopping  up  the  muscles  alone,  we  obtain  the  amount  of  Hb  present 
in  them«  which  is  not  taken  into  calculation. 

Quantity  of  Blood  in  Various  Animals. — The  quantity  of  blood  in  the 
mouse  =  tV  to  T^ff ;  guinea-pig =,1^.^  (^^  to  ^)  ;  rabbit  ==  ^ji^  (^  to  ^)  ;  dog 
=  -Ar  (tV  to tV).;  cat  =  ^.-^ ;  birds =-iV  to ^^ ;  frog  =  TV  to^ ;  fishes  ==t1^  to  ^ 
of  the  body-weight  (without  the  contents  of  ihe  stomach  and  intestines). 

The  speciBc  gravity  of  the  blood  ought  always  to  be  taken  when  estimating  the  amount  of 
blood.  The  amount  of  blood  is  diminished  during  inanition ;  fat  persons  have  relatively  less 
blood ;  after  hemorrhage  the  loss  is  at  first  replaced  by  a  watery  fluid,  while  the  blood-corpuscles 
are  gradually  regenerated. 

The  estimation  of  the  quantity  of  blood  in  different  organs  is  done  by 
suddenly  ligaturing  their  blood-vessels  intra  vitam.  A  watery  extract  of  the 
chopped-up  organ  is  prepared,  and  the  quantity  of  blood  estimated  as  described 
above.  [Roughly  it  may  be  said  that  the  lungs,  heart,  large  arteries,  and  veins 
contain  J^;  the  muscles  of  the  skeleton,  ^;  the  liver,  j^^;  and  other  organs, 
%  {Ranki).'\ 

[Fate  of  Salts  injected  into  the  blood-stream. — One  of  the  most  noteworthy  facts  about 
the  composition  of  the  blood  is  the  remarkable  constancy  in  the  proportion  of  its  chemical  con- 
stituents, and  this  is  specially  true  of  its  salts.  It  is  impossible  to  render  blood  acid  by  giving 
animals  repeated  doses  of  acid,  and  when  salts  are  administered  in  excess,  the  blood  rapidly  gets 
rid  of  them.  If  salts  (Na,S04,Na,HP04,NaCl)  be  injected  into  the  blood-vessels,  the  salts 
immediately  diffuse  into  the  tissues,  so  that  within  a  few  minutes  only  traces  can  be  recovered 
from  the  blood.  At  the  same  time  the  tissues  give  up  water  to  the  blood,  and  gradually  the 
salts  re-enter  the  blood  and  are  given  ofl*  by  the  kidneys  ] 
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41.  ABNORMAL  CONDITIONS  OP  THE  BLOOD— (A)  i.  Polysmia.— (i)  An  in- 
crease in  the  entire  mass  of  the  blood,  um/ormfy  in  all  organs,  coiiSli\iMe&  polyamia  ox  pUlhora, 
and  in  over- nourished  individuals  it  niay  approach  a  pathological  condition.  A  bluish-red  color 
of  the  skin,  swollen  veins,  large  arteries,  hard  full  pulse,  injection  of  the  capillaries  and  smaller 
vessels  of  the  visible  mucous  membranes  are  signs  of  this  state,  and,  when  accompanied  by  con- 
gestion of  the  brain,  there  is  vertigo,  congestion  of  the  lungs,  and  breathlessness.  After  major 
amputations  with  little  loss  of  blood,  a  relative  but  transient  increase  of  blood  has  been  found  (?) 
{^plethora  apocoptica). 

Transfusion. — Polyaemia  may  be  produced  artificially  by  the  injection  of  blood  of  the  same 
species.  If  the  normal  quantity  of  blood  be  increased  83  per  cent,  no  abnormal  condition  occurs, 
because  the  blood-pressure  is  not  permanently  raised.  The  excess  of  blood  is  accommodated  in 
the  greatly  distended  capillaries,  which  may  be  stretched  beyond  their  normal  elasticity.  If  it  be 
increased  to  150  per  cent,  there  are  variations  in  the  blood-pressure,  life  is  endangered,  and  there 
may  be  sudden  rupture  of  blood-vessels  (  Worm  AfUlUr), 

Fate  of  Transfused  Blood. — Afler  the  transfusion  of  blood  the  formation  of  lymph  is 
greatly  increased ;  but  in  one  or  two  days  the  serum  is  used  up,  the  water  is  excreted  chiefly  by 
the  urine,  and  the  albumin  is  partly  changed  into  urea.  Hence,  the  blood  at  thb  time  appears 
to  be  relatively  richer  in  blood -corpuscles  (Panum,  Lesser,  Worm  MUller'),  The  red  corpuscles 
break  up  much  more  slowly,  and  the  products  thereof  are  partly  excreted  as  urea  and  partly  (but 
not  constantly)  as  bile  pigments.  Even  after  a  month  an  increase  of  colored  blood-corpuscles 
has  been  observed  ( Tschiryew).  That  the  blood-corpuscles  are  broken  up  slowly  in  the  economy 
is  proved  by  the  fact,  that  the  amount  of  urea, is  much  larger  when  the  same  quantity  of  blood  is 
swallowed  by  the  animal  than  when  an  equal  amount  is  transfused  {Tschirjew,  Landois),  In 
the  latter  case  there  is  a  moderate  increase  of  the  urea,  lasting  for  days,  a  proof  of  the  slow 
decomposition  of  the  red  corpuscles.  Pronounced  over-filling  of  the  vessels  causes  loss  of  appetite 
and  a  tendency  to  hemorrhage  of  the  mucous  membranes. 

(2)  Polyeemia  serosa  is  that  condition  in  which  the  amount  of  serum,  i.  e.,  the  amount  of 
water  in  the  blood,  is  increased.  This  may  be  produced  artificially  by  the  transfusion  of  blood- 
serum  from  the  same  species.  The  water  is  soon  given  off  in  the  urine,  and  the  albumin  is 
decomposed  into  urea,  without,  however,  passing  into  the  urine.  An  animal  forms  more  urea 
in  a  short  time  from  a  quantity  of  transfiised  serum  than  from  the  same  quantity  of  blood,  a  proof 
that  the  blood  corpuscles  remain  longer  undecomposed  than  the  strviUi  {Forsier^  Landois).  If 
serum  from  another  species  of  animal  be  used  (e.  g.,  dog's  serum  transfused  into  a  rabbit),  the 
blood-corpuscles  of  the  recipient  are  dissolved;  hsemoglobinuria  is  produced  {Ponjick)',  and  if 
there  be  general  dissolution  of  the  corpuscles,  death  may  occur  (Landois). 

(3)  Polysemia  aquosa  is  a  simple  increase  of  the  water  of  tne  blood,  and  occurs  temporarily 
after  copious  drinking,  but  increased  diuresis  soon  restores  the  normal  condition.  Diseases  of 
the  kidneys  which  destroy  their  secreting  parenchyma,  produce  this  condition,  and^  often  also 
general  dropsy,  owing  to  the  passage  of  water  into  the  tissues.  Ligature  of  the  ureter  produces 
a  watery  condition  of  the  blood. 

(4)  Plethora  polyc3rtb8emica  Hyperglobulie. — An  increase  of  the  red  corpuscles  has  been 
assumed  to  occur  when  periodically  recurring  hemorrhages  are  interrupted,  e,  g.,  menstruation, 
bleeding  firom  the  nose,  etc.;  but  the  increase  of  corpuscles  has  not  been  definitely  proved.  There 
is  a  proved  case  of  temporary  polycythaemia,  viz.,  when  similar  blood  is  transfused,  a  part  of  the 
fluid  being  used  up,  while  the  corpuscles  remain  unchanged  for  a  considerable  time.  There  is  a 
remarkable  increase  in  the  number  of  blood-corpuscles  (to  8.82  millions  per  cubic  millimetre)  in 
certain  severe  cardiac  aflections  where  there  is  great  congestion,  and  much  water  transudes 
through  the  vessels.  In  cases  of  hemiplegia,  for  the  same  reason,  the  number  of  corpuscles  is 
greater  on  the  paralyzed  congested  side  {Pensoldl).  After  diarrhoea,  which  diminishes  the  water 
of  the  blood,  there  is  also  an  increase  (Brouardel),  and  the  same  is  the  case  after  profuse  sweating 
and  polyuria.  Drugs  (alcohol,  chloral,  amyl  nitrite)  which  act  on  the  blood-vessels  affect  the 
number  of  corpuscles ;  during  contraction  of  the  blood-vessels  their  number  increases,  during 
dilatation  they  diminish  in  number  {Andreesen).  There  is  a  temporary  increase  in  the  hsemato- 
blasts  as  a  reparative  process  after  severe  hemorrhage  (2  7)>  or  after  acute  diseases.  In  cachectic 
conditions  this  increase  continues,  owing  to  the  diminished  non-conversion  of  these  corpuscles 
into  red  corpuscles.  In  the  last  stages  of  cachexia  the  number  diminishes  more  and  more  until 
the  formation  of  hsematoblasts  ceases  {Hay em), 

(5)  Plethora  hyperalbuminosa  is  a  term  applied  to  the  increase  of  albumins  in  the  plasma, 
such  as  occurs  after  taking  a  large  amount  of  food.  A  similar  condition  is  produced  by  trans- 
fusing the  serum  of  the  same  species,  whereby,  at  the  same  time,  the  urea  is  increased.  Injection 
of  egg-albumin  produces  albuminuria  (Slokvis,  Lehmann), 

[The  subcutaneous  injection  ot  human  blood  has  been  practiced  with  good  results  in 
anaemia  {v.  Ziemssen),  When  defibrinated  human  blood  is  injected  subcutaneously,  while  its 
passage  into  the  circulation  is  aided  by  massage,  it  causes  neither  pain  nor  inflammation,  but  the 
blood  of  animals,  and  a  solution  of  haemoglobin,  always  induce  abscess  (Bencsur),  Blood  is 
also  rapidly  absorbed  when  injected  in  small  amount  into  the  respiratory  passages.] 
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Mellitaemia. — The  sugar  in  the  blood  is  partly  given  ofT  by  the  urim,  and  in  **  diabetes 
mellitus"  i  kilo.  (2.2  Iti.)  may  be  given  off  daily,  when  the  quantity  of  urine  may  rise  to  25 
kilos.  To  replace  this  loss  of  grape-sugar  a  large  amount  of  food  and  drink  is  required,  whereby 
the  urea  may  be  increased  threefold.  The  increased  production  of  sugar  causes  an  increased 
decomposition  of  albuminous  tissues ;  hence  the  urea  is  alwa3rs  increased,  even  though  the  suf^ly 
of  albumin  be  insufficient  The  patient  loses  flesh ;  all  the  glands,  and  even  the  testicles,  atrophy 
or  degenerate  (pulmonary  phthisis  is  common) ;  the  skin  and  bones  become  thinner ;  the  nervous 
sjTstem  holds  out  longest  The  teeth  become  carious  on  account  of  the  acid  saliva,  the  OTStalline 
lens  becomes  turbid  from  the  amount  of  sugar  in  the  fluid  of  the  eye  which  extracts  water  from 
the  lens,  and  wounds  heal  badly  because  of  the  abnormal  condition  of  the  blood.  Absence  of  all 
carbohydrates  in  the  food  causes  a  diminution  of  the  sugar  in  the  blood,  but  does  not  cause  it 
to  disappear  entirely.  [The  sugar  in  the  blood  is  also  increased  afler  the  inhalation  of  chloro- 
form or  amyl  nitrite,  and  after  the  use  of  curara,  nitro-benzole,  and  chloral  (J  175).]  An 
excessive  amount  of  inosite  has  been  found  in  the  blood  and  urine  ({  267),  constituting  mel- 
lituria  inosita  (  P^oA/y 

Lipaemia,  or  an  increase  of  the  Pat  in  the  Blood,  occurs  after  every  meal  rich  in  fat 
{e.  g,^  in  sndcing  kittens),  so  that  the  serum  may  become  turbid  like  milk.  Pathologically,  this 
occurs  in  a  high  degree  in  drunkards  and  in  corpulent  individuals.  When  there  is  great  decom- 
position of  albumin  in  the  body  (and  therefore  in  very  severe  diseases),  the  fat  in  the  blood 
increases,  and  this  also  takes  place  afler  a  liberal  supply  of  easily  decomposable  carbohydrates 
and  much  fat  « 

After  injuries  to  bones  affecting  the  marrow,  not  unfrequently  fatty  granules  pass  from  the 
marrow  through  the  imperfect  walls  of  the  blood-vessels  into  the  blood-stream.  These  fatty 
particles  may  form  fat  emboli,  e,  g.,  in  the  liver  or  lungs,  or  they  may  appear  in  the  urine. 

If  granules  of  cinnabar  or  inidigo  are  injected  into  the  blood,  they  are  taken  up  by  the 
leucocytes,  and  by  them  are  carried  outside  the  blood-stream.  The  cells  of  the  splenic  pulp, 
marrow  of  bone,  and  the  liver  also  take  up  these  particles  (Siebef), 

The  salts  remain  very  persistently  in  the  blood.  The  withdrawal  of  common  salt  produces 
albuminuria,  and,  if  all  salts  be  withheld,  paralytic  phenomena  occur  {Forster).  Over-feeding 
with  salted  food,  such  as  salt  meat,  has  caused  death  through  fatty  degeneration  of  the  tissues, ' 
especially  of  the  glands.  Withdrawal  of  lime  and  phosphoric  acid'  produces  atrophy  and  soften- 
ing of  the  bones.  In  infectious  diseases  and  dropsies  the  salts  of  the  blood  are  often  increased, 
and  diminished  in  inflammation  and  cholera.  [NaCl  is  absent  from  the  urine  in  certain  stages 
of  pneumonia,  and  it  is  a  good  sign  when  the  chlorides  begin  to  return  to  the  urine.]  fin 
scurvy  the  corpuscular  elements  are  diminished  in  amount,  but  we  have  not  precise  information 
as  10  die  salts,  although  this  disease  is  prevented,  in  persons  forced  to  live  upon  preserved  and 
salted  food,  by  a  liberal  use  of  the  salts — especially  potash  salts — of  the  organic  adds,  as  con- 
tained in  lime  juice.  In  gout,  the  blood  during  an  acute  attack,  and  also  in  chronic  gout, 
contains  an  excess  of  uric  acid  {Garrod).'] 

The  amount  of  fibrin  is  increased  in  inflammations  of  the  lung  and  pleura,  [croupous 
pneunx>nie,  erysipelas],  hence  such  blood  forms  a  crusta  phlogistica  (J  27).  Jn  other  diseases, 
where  decomposition  of  the  blood-corpuscles  occurs,  the  fibrin  is  increased,  perhaps  because  the 
dissolved  red  corpuscles  yield  material  for  the  formation  of  fibrin.  After  repeated  hemorrhages, 
Sigm.  Mayer  found  an  increase  of  fibrin.  Blood  rich  in  fibrin  is  said  to  coagulate  more  slowly 
than  when  less  fibrin  is  present — still  there  are  many  exceptions. 

(B)  (I)  Diminution  of  the  Quantity  of  Blood,  or  its  Individual  Constituents. — 
( I )  OUgsemia  vera,  Ansemia,  or  diminution  of  the  quantity  of  blood  as  a  whole,  occurs 
whenever  there  b  hemorrhage.  Life  is  endangered  in  newly  bom  children  when  they  lose  a 
few  ounces  of  blood ;  in  children  a  year  old,  on  losing  half  a  pound ;  and  in  adults,  when  one- 
half  of  the  total  blood  is  lost.  Women  bear  loss  of  blood  much  better  than  men.  The  periodical 
formation  of  blood  after  each  menstruation  seems  to  enable  blood  to  be  renewed  more  rapidly  in 
their  case.  Stout  persons,  old  people,  and  children  do  not  bear  the  loss  of  blood  well.  The 
more  rapidly  blood  is  lost,  the  more  dangerous  it  is.  [A  moderate  loss  of  blood  is  soon  made 
up,  but  the  fluid  part  is  more  quickly  restored  than  are  the  corpuscles.] 

S3rmptoms  of  Loss  of  Blood. — Great  loss  of  blood  is  accompanied  by  general  paleness  and 
coldness  of  the  cutaneous  surface,  increased  oppression,  twitching  of  the  eyeballs,  noises  in  the 
ears  and  vertigo,  loss  of  voice,  great  breathlessness,  stoppage  of  secretions,  coma ;  dilatation  of 
the  pupils. involuntary  evacuations  of  urine  and  feeces,  and  lastly,  general  convulsions,  are  sure 
signs  of  death  by  hemorrhage.  In  the  gravest  cases  recovery  is  only  possible  by  means  of 
transfusion.  Animals  can  bear  the  loss  of  one-fourth  of  their  entire  blood  without  the.  blood- 
pressure  in  the  arteries  permanently  falling,  because  the  blood-vessels  contract  and  accommodate 
themselves  to  the  smaller  quantity  of  blood  (in  consequence  of  the  stimulation  of  the  vasomotor 
centre  in  the  medulla).  The  loss  of  one-third  of  the  total  blood  diminishes  the  blood-pressure 
considerably  (one-fourth  in  the  carotid  of  the  dog).  If  the  hemorrhage  is  not  such  as  to  cause 
death,  the  fluid  part  of  the  blood  and  the  dissolved  salts  are  restored  by  absorption  from  the 
tissues,  the  blood-pressure  gradually  rises,  and  then  the  albumin  is  restored,  though  a  longer 
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time  is  required  Tor  ihe  formation  of  red  coipuicles.  At  Hm,  tbetefore,  the  blood  is  aboormalty 
rich  in  wat«r  (hydremia),  and  at  last  abnormall]'  poor  in  corpuicles  (oligoCTthnmia,  hypo- 
globulie).  With  the  increased  lymph -stream  which  pours  into  the  blood.thecolorleM  corpuscles 
are  considerably  iocreaied  above  normal,  -and  during  the  period  of  restitutioD  fewer  red  cor- 
puscles seem  10  be  used  up  {e.  g.,  for  bile). 

Aflct  moderate  bleeding  from  an  anery  in  animals,  Bunlien  observed  that  the  volume  of  the 
blood  vita  restored  in  several  hours;  after  more  severe  hemorrhage  in  24  to  4S  hours.  The  red 
blood-corpuscles,''  after  a  loss  of  blood  equal  to  i.i  i»  4.4  per  cent,  of  the  body-weight,  are 
restored  only  after  7  to  34  days.  The  regeneraUon  tegins  after  34  hours.  During  the  period 
of  t^eneration  Ihe  number  of  the  blood-corpuscles  in  an  early  stage  of  developmenl  is  increased. 
The  newly-formed  corjiuscles  contain  less  Hb  than  normal  (Jac.  G.  Oil),  Even  in  man  lb« 
duration  of  the  perio<l  of  regeneraiion  depetids  upon  ihe  amount  of  blood  lost  (Lynn).  The 
amount  <^  hxmoglobin  is  dimioished  nearly  in  proportion  lu  the  amount  of  Ihe  hemoirhage 
(Sizv/tero  atui  Siilvioli). 

[HemarrhaKes  in  cold-blooded  animalB. — These  aoimala  can  beai  very  considerable  less 
of  Mootl,  and,  in  fact,  the  frog  can  live  for  a  considerable  time  wilboui  blood.  In  the  experi- 
ment of  Cohnheim  known  as  the  "salt  frog."  all  the  blood  'n  washed  out  of  its  vessels  by  means 
of  normal  saline  solution  (75  per  cent.  NaCl)  and  the  blood-vessels  are  titled  whh  the  same  fluid. 
Such  a  frog  will  live  for  several  days,  and  the  elimination  of  CO,  goes  on  as  in  an  Intact  frog. 
This  experiment  obviously  has  a  very  important  bearing  on  the  question  as  to  the  seat  of  the 
formati  in  of  CO, — i.  /.,  whether  it  is  formed  in  the  blood  or  in  the  tissues.  It  clearly  points  to 
Ihe  latter  view.] 

MetaboliBm  io  An«mia. — The  cenditien  oftkt  metabolism  in  the  case  of  persons  suffering 
from  aniemia  is  important.  The  decomposition  of  proleids  is  increased  (the  same  is  the  case  in 
hunger),  hence  the  excretion  of  urea  is  increased  \fiautr').  The  decomposition  of  fals,  on  the 
contrary,  Is  diminished,  which  stands  in  relation  with  the  diminution  of  CO,  given  oFT. 
Anasmic  and  chlorotic  persons  put  on  fat  easily.  The  Aliening  of  cattle  it  aided  by  occasional 
bleedings  and  by  intercurrent  periods  of  hunger  {Arislolh). 

(I)  An  excessive  thickening  of  the  blood  through  loss  of  water  is  Called  Oligemia  Bicca. 
This  occurs  in  man  alter  copious  watery  evacuations,  as  in  cholera,  so  that  the  thick  tarry  blood 
stagnates  in  the  vessels.  Perhaps  a  similar  condition  —though  to  a  less  degree— may  exist  after 
very  copious  perspiration. 

(3)  If  the  proteids  in  blood  be  aboortnally  diminished  the  condition  is  called  OligtemU 
hypalbuminoSB ;  Ihey  may  be  diminished  about  one-half.  They  are  usually  replaced  by  an 
excess  of  water  in  the  blood  [so  thai  (he  blood  is  watery,  constituting  bydrKmia].  Loas 
of  albumin  from  the  blood  is  caused  directly  by  albuminuria  (25  grams  of  albumin  may  be 
given  off  by  the  urine  daily),  persisleni  suppuration,  great  loss  of  milk,  extensive  cutaneous 
ulceration,  albuminous  diarrbcea  (dysentery).  Frequent  and  copious  hemorrhages,  however, 
by  increasing  the  absorption  of  water  into  [he  vessels,  al  litst  produces  oUgasmia  bypalbuminoss. 
For  the  abnormal  changes  of  the  red  and  white 
blood-corpuscles. see  |  10;  for  Htemoptailia,  §  ztj. 

fOrganisms  in  the  Blood. — The  presence  of  animal 
and  v^etable  para»tes  in  the  blood  gives  rise  to  certain 
disease!.  Some  of  these,  and  especially  the  vegetable 
organisms,  have  Ihe  power  oF  multiplying  in  blood.  The 
T^etable  forms  belonging  to  the  scbiiomycetes  or 
flsBion  fiingi  are  frequently  spoken  of  collectively  under 
the  title  bacteria.  They  are  classilied  by  Cohn  into 
I.  Sphferobacteria 
II.  Microbacteria    ) 

III.  Deamobicteria  \  exhibit  movements. 

IV.  Spirobacteria     J 

These  forms  are  shown  in  fig.  32.    The  micrococci  (A) 

are  examples  of  I ;  while  Bacterium  lermo  (B)  is  an  ex- 

^-  3^  ample  of  II.     In  III  the  members  are  short  cylindrical 

A,  micrococcus;    B.  bacterium;  C,       rods,  straight  (Bacillus.  D)  or  wavy  (Vibrio,  C).     Splenic 

vibrios ;  D.  bacilli ;   E,  spirillum,      fever  of  cattle  is  due  to  the  presence  of  Bacillus  antbracis 

Cig*  33)'     These  rod-shaped  bodies  under  proper  condi- 

lionsdividetian5Verselyandelongale,butlbey  also  form  spores  in  their  interior,  which  in  (urn  under 

appropriate  conditions  may  germinate     Class  IV  is  represented  by  two  genera,  SpirochxU  and 

Spirillum  (lig.  33),  the  former  with  close,  and  the  latter  with  open  spirals.     The   Spirochxta 

Obcrmeieri  (oflen  spoken  of  as  "Spirillum")  is  present  in  Ihe  blood  during  Ihe  paroxysms   io 

persons  suffering   from  relapsing  fever.    Amongst  animal  parasites  are  Filaria   sanguinis,  and 

Bilharzia  Hasmalobia,  which  occurs  in  the  portal  vein  and  in  the  veins  of  the  urinary  apparatus] 


Physiology  of  the  Circulation. 


42.  GENERAL  VIEW.— The  blood  within  the  vessels  is  in  a  state  of 
continual  motion,  being  carried  from  the  ventricles  by  the  large  arteries  (aorta 
and  pulmonary)  and  their  branches  to  the  system  of 
capillary  vessels  from  which  again  it  passes  into  the 
veins  that  end  in  the  atria  of  the  auricles  (  W,  Harvey j 
1628). 

The  cause  of  the  circulation  is  the  difference 
OF  PRESSURE  which  exists  between  the  blood  in  the 
aorta  and  pulmonary  artery  on  the  one  hand,  and 
the  two  venae  cavae  and  the  four  pulmonary  veins  on 
the  other.  The  blood,  of  course,  moves  continually 
in  its  closed  tubular  system  in  the  direction  of  least 
resistance.  The  greater  the  difference  of  pressure,  the 
more  rapid  the  movement  will  be.  The  cessation  of 
the  difference  of  pressure  (as  after  death)  naturally 
brings  the  movement  to  a  standstill  (§  81).  The 
circulation  is  usually  divided  into — 

(1)  The  greater,  or  systemic  circulation, 
which  includes  the  course  of  the  blood  from  the  left 
auricle  and  left  ventricle,  through  the  aorta  and  all 
its  branches,  the  capillaries  of  the  body  and  the  veins, 
until  the  two  venae  cavae  terminate  in  the  right 
auricle. 

(2)  The  lesser,  or  pulmonic  circulation, 
which  includes  the  course  from  the  right  auricle  and 
right  ventricle,  the  pulmonary  artery,  the  pulmonary 
capillaries,  and  the  pulmonary  veins  springing  from 
them,  until  these  open  into  the  left  auricle. 

(3)  The  portal  circulation  is  sometimes  spoken 
of  as  a  special  circulatory  system,  although  it  repre- 
sents only  a  second  set  of  capillaries  (within  the  liver)  Scheme  of  the  circulation 
introduced  into  the  course  of  a  venous  trunk.  It  con-  "^*'^»  ^'  left  auricle;  A, 
sists  of  the  vena  portarum — formed  by  the  union  of 
the  intestinal  or  mesenteric  and  splenic  veins,  and  it 
passes  into  the  liver,  where  it  divides  into  capillaries, 
from  which  the  hepatic  veins  arise.  The  hepatic 
vein  joins  the  inferior  vena  cava. 


F'g.  33- 


right,  B,  left  ventricle ; 
I,  pulmonary  artery;  2, 
aorta  ;  /,  area  of  pul- 
monary, K,  area  of  sys- 
temic circulation  ;  o^  the 
superior  vena  cava ;  G»  area 
supplying  the  inferior  vena 
cava,  u\  d^d^  intestine;  m, 
mesenteric  artery ;  q^  portal 
vein  ;  L,  liver  ;  h^  hepatic 
vein. 


Strictly  speaking,  bowev^,  there  is  no  special  portal  circula- 
tion. Similar  arrangements  occur  in  other  animals  in  different 
organs,  ^.^.,  snakes  have  such  a  system  in  their  supra-renal 
capsales,  and  the  frog  in  its  kidneys.  When  an  artery  splits  up 
into  fine  branches  during  its  course,  and  these  branches  do  not 

form  capillaries,  but  reunite  into  an  arterial  trunk,  a  rete  mirabile  b  formed,  such  as  occurs  in 
apes  and  the  edentata.  Microscopic  retia  mirabilia  exist  in  the  human  mesentery  (Schdd/), 
Similar  arrangements  may  exist  in  connection  with  veins,  giving  rise  to  venous  retia  mirabilia. 
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43.  THE  HEART. — The  muacular  BbrcBof  the  msmmBlian  bout  ctuisist  ofshoit  (sotQ 

70  /i  in  miD),  very  fine,  tnuisvenely  striated  fibres,  wbicb  are  actual  unicellular  elemeals,  devoid 
of  a  saicolemma  (15  to  25  11  broad),  and  uinally  divided  at  Ihelr  blunt  ends,  by  which  mcMu 
tKey  anBslomose  &nd  farm  a  nelwork  (Rg.  34,  A,  B),  The  iodividiul  muscle-cells  contaiD  in 
their  centre  an  oval  nucleus,  and  are  held  tc^ ether  by  a  cement. substance,  which  is  blackened 
by  siiver  nitrate,  and  dissolved  by  a  3]  per  cent,  solutirai  of  caustic  potash.  This  Cement  is  alM 
dissolved  by  a  40  per  cent,  solution  of  nitric  acid.  The  ttaQSrerae  Mrice  ore  Dot  very  distiact, 
and  not  unfiequently  there  is  an  appearance  of  longitudinal  ariation,  produced  by  a  number  of 
very  small  granules  arranged  in  rows  vilhin  the  fibres.  The  fibres  arc  gathered  lengthwise  in 
bundles,  or  fasciculi,  surrounded  a.nd  separated  from  each  other  by  delicate  processes  of  the 
perimysium.  When  the  connective- tissue  is  dissolved  by  prolonged  boiling,  these  bundles  can 
be  isolated,  and  constitute  the  so-called  "  fibres"  of  the  heart.  The  transverse  sections  of  the 
bundletiathe  auricle*  are  polygonal  or  rounded,  while  in  the  ventricles- they  are  somewhat 
flattened.  [The  muscular  mass  of  (he  heart  is  called  the  myocardium,  and  is  iovested  by 
fibrous  tissue.  It  is  importaot  to  notice  that  the  connective  tissue  of  the  visceral  pericardiaoi 
(epicardium)  is  continuous  with  that  of  the  endocardium  by  means  of  the  perimysium  surround- 
ing the  bundles  of  muscular  fibres,]  The  fine  spaces  which  exist  between  these  bondlei 
form  nanow  lacuna,  lined  with  epithelium,  and  cooslituting  part  of  the  lymphatic  system  of 
the  beart, 

[The  cardiac  muscular  fibres  occupy  an  intermediate  position  between  striped  and  plun 
muscular  Rbres.  Although  they  are  striped,  they  are  involuntary,  not  being  directly  under  the 
inflaence  of  the  will,  while  they  contract  more  slowly  than  a  voluntary  muscle  of  the  skeleton.] 


Fig-  34- 

A,  muscular  fibres  from  the  heart  of  a  mammal,  and  C  from  a  frog ;  B,  transverse  section  of 
the  cardiac  fibres ;  #,  connective-tissue  corpuscles  ;  f,  capillaries. 

In  the  frog's  heart  the  muscular  fibres  are  in  shape  elongated  spindles,  or  fusiform,  in  this 
respect  resembling  the  plain  mtiscle  cells,  but  they  are  transversely  striped  (fig.  34,  C).  They 
are  easily  isolated  by  means  of  a  33  per  cent,  solution  of  potath  or  dilute  alcohol. 

44.  ARRANGEMENT  OF  THE  CARDIAC  MUSCULAR 
FIBRES. — The  study  of  the  embryonic  heart  is  the  key  to  a  proper  under- 
standing of  the  complicated  arrangement  of  the  fibres  in  the  adult  heart.  The 
simple  tubular  heart  of  the  embryo  has  an  outer  circular  and  an  inner  tongitu- 

liinal  layer  of  fibres.  The  septum  is  formed  later ;  hence,  it  is  clear  that  a  part, 
at  least,  of  the  fibres  must  be  common  to  the  two  auricles,  and  a  part  also  to  the 
two  ventricles,  since  there  is,  originally,  but  one  chamber  in  the  heart.  The 
muscular  fibres  of  the  auricles  are,  however,  completely  separated  from  those 
of  the  ventricles  by  the  fibro-cartilaginous  rings.  In  the  auricles  the  fundamental 
arrangement  of  the  embryonic  fibres  partly  remains,  while  in  the  ventricles  it 
becomes  obscured  as  the  cavities  undergo  a  sac-like  dilatation,  and  also  become 
twisted  in  a  spiral  manner. 

(i)  The  mtiscular  fibres  in  the  auricles  are  completely  separated  from 
the  fibres  of  ihe  ventricles  by  the  fibrous  rings  which  surround  the  auriculo- 
ventricular  orifices,  and  which  serve  as  an  attachment  for  the  auriculo- ventri- 
cular valves  (fig,  35,  I).  The  auricles  are  much  thinner  than  the  ventricles, 
and  their  fibres  are  generally  arranged  in  two  layers  ;  the  outer  transverse  layer 
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is  continuous  over  both  auricles,  whilst  the  inner  one  is  directed  longitudinaify. 
The  outer  transverse  fibres  may  be  traced  from  the  openings  of  the  venous 
trunks  anteriorly  and  posteriorly  over  the  auricular  walls.  The  longitudinal 
fibres  are  specially  well  marked  where  they  are  inserted  into  the  fibro -cartila- 
ginous rings,  while  in  some  parts  of  the  anterior  auricular  wall  they  are  not 
continuous.  In  t\\e  auricular  seplum,  ia^ac  fibres,  circularly  disposed  around 
the  fossa  ovalts  (formerly  the  embryonic  opening  of  the  foramen  ovale),  are 
well  marked.  Circular  bands  of  striped  muscles  exist  around  the  veins  where 
they  open  into  the  heart ;  these  are  least  marked  on  the  inferior  vena  cava,  and 
are  stronger  and  reach  higher  (2.5  cm.)  on  the  superior  vena  cava  (fig.  35,  II). 
Similar  fibres  exist  around  the  pulmonary  veins,  where  they  join  the  left  auricle, 
and  these  fibres  (which  are  arranged  as  an  inner  circular  and  an  outer  longi- 
tudinal layer)  can  be  traced  to  the  hilus  of  the  lung  in  man  and  some  mammaU ; 
in  the  ape  and  rat  they  extend  on  the  pulmonary  veins  right  into  the  lung.  In 
the  mouse  and  bat,  again,  the  striped  muscular  ^bres  pass  so  far  into  the  lungs 
that  the  walls  of  the  smaller  veins  are  largely  composed  of  striped  muscle 
{Siieda). 


Fig-  35- 
I.  Cooree  of  the  muscular  fibres  on  the  left  auricle  with  the  outer  transverse  and  inner  lonci- 
(ndinal  fibres,  the  circular  fibres  an  the  pulmonary  vein*  iy.  fi.)  ;  V,  Ihe  led  ventricle  {^John 
Rti^.     ri.  AtTangement  of  the  striped  muscular  fitires  on  the  superior  vena  cava  (EHscher) 
— a,  opening  of  vena  azygos;  i>,  auricle. 

Circular  muscular  fibres  are  found  where  the  vena  magna  cordis  enters  the 
heart,  and  in  the  Valvula  Thebesii  which  guards  it. 

Physiological  Significance. — (i)  The  auricles  contract  independctUly  of 
the  ventricles.  This  is  seen  when  the  heart  is  about  to  die ;  when  there  may 
be  several  auricular  contractions  for  one  ventricular,  and  at  last  only  the 
auricles  pulsate.  The  auricular  portion  of  the  right  auricle  beats  longest ; 
hence  it  is  called  the  "ultimum  moriens."  Independent  rhythmical  contrac- 
tions of  the  venee  cavs  and  pulmonary  veins  are  often  noticed  after  the  heart 
has  ceased  to  beat.  [This  beating  can  also  be  observed  in  those  veins  in  a  rab- 
bit aiicr  the  heart  is  cut  out  of  the  body.] 

(i)  The  double  arrangement  of  the  fibres  (transverse  and  longitudinal)  pro- 
duces a  simultaneous  and  uniform  diminution  of  the  auricular  cavity  (such  as 
occurs  in  most  of  the  hollow  viscera). 

(3)  The  contraction  of  the  circular  muscular  fibres  around  the  venous  orifices, 
and  the  subsequent  contraction  of  the  auricle,  cause  these  veins  to  empty  them- 
selves into  the  auricle ;  and  by  their  presence  and  action  they  prevent  any  large 
quantity  of  blood  from  passing  backward  into  the  veins  when   the  auricle  con- 
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tracts.  [No  valves  are  present  in  the  superiorand  inferior  vena  cava  in  the  adult 
heart,  or  in  the  pulmonary  veins,  hence  the  contraction  of  these  circular  muscular 
fibres  plays  an  important  part  in  preventing  any  reflux  of  blood  during  the 
contraction  of  the  auricles.] 

45.  ARRANGEMENT  OF  THE   VENTRICULAR    FIBRES. 

— (2)  The  muscular  fibres  in  the  thick  wall  of  the  ventricles  are  arranged 
in  several  layers  under  the  pericardium  (fig.  36,  A).  Firet,  there  is  an  ou/er 
hngitudinal  layer  (A),  which  is  in  the  form  of  single  bundles  on  the  right 
ventricle,  but  forms  a  complete  layer  on  the  left  ventricle,  where  it  measures 
about  one^ighth  of  the  thickness  of  the  ventricular  wall.  A  second  longitudinal 
layer  of  fibres  lies  on  the  inner  surface  of  the  ventricles,  distinctly  visible  at  the 
orifices,  and  within  the  vertically  placed  papillary  muscles,  whilst  elsewhere  it  is 
replaced  by  the  irregularly  arranged  trabeculse  camae.  Between  these  two  layers 
there  lies  the  thickest  layer,  consisting  of  more  or  less  transversely  arranged 
bundles,  which  may  be  broken  up  into  single  layers  more  or  less  circularly 
disposed.  The  deep  lymphatic  vessels  run  between  the  layers,  whilst  the  blood- 
vessels tie  within  the  substance  of  the  layers,  and  are  surrounded  by  the  primi- 


Fig.  36. 
Course  of  the  veotiicular  musculir  libres.     A,  on  ihc  aoterior  sniface ;  B,  view  of  the  apex  with 
[he  vortex  ;   C,  course  of  the  fibres  within  Che  ventricular  wall;  D,  fibres  passine  into  a 
p^iltarj  muscle  ( /). 

tive  bundles  of  muscular  fibres.  All  three  layers  are  not  completely  independent 
of  each  other;  on  the  contrary,  the  fibres  which  run  obliquely  form  a  gradual 
transition  between  the  transverse  layers  and  the  inner  and  outer  longitudinal 
layers.  It  is  not,  however,  quite  correct  to  assume  that  the  outer  longitudinal 
layer  gradually  passes  into  the  transverse,  and  this  again  into  the  inner  longi- 
tudinal layer  (as  is  shown  schematically  in  C)  ;  because,  as  Henle  pointed  out, 
the  transverse  fibres  are  relatively  far  greater  in  amount.  In  general,  the  outer 
longitudinal  fibres  are  so  arranged  as  to  cross  the  inner  longitudinal  layer  at  an 
acute  angle.  The  transverse  layers  lying  between  these  two  form  gradual  tran- 
sitions belween  these  directions.  At  the  apex  of  the  left  ventricle,  the  outer 
longitudinal  fibres  bend  or  curve  so  as  to  meet  at  the  so-called  vortex  B,  where 
they  enter  the  muscular  substance,  and,  taking  an  upward  and  inward  direction, 
reach  the  papillary  muscles,  F,  D ;  although  it  is  a  mistake  to  say  that  all  the 
bundles  which  ascend  to  the  papillary  muscles  arise  from  the  vertical  fibres  of 
the  outer  surface  ;  many  seem  to  arise  independently  within  the  ventricular  wall. 
According  to  Henle,  all  the  external  longitudinal  fibres  do  not  arise  from  the 
fibrous  rings  or  the  roots  of  the  arteries.  The  mitral  orifice  is  surrounded  by 
circular  fibres  which  act  like  a  sphincter  (HenW). 
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[The  assumption  that  the  muscles  of  the  ventricle  are  arranged  so  as  to  form  a  figure  of  8,  or 
in  loops,  seems  to  be  incorrect;  thus,  Bbres  are  said  to  arise  at  the  base  of  the  ventricle,  to  pass 
over  it,  and  to  reach  the  vort£x,  where  they  pass  into  the  interior  of  the  muscular  substance,  to 
end  either  in  the  papillary  muscles  or  high  up  on  the  inner  surface  of  the  heart  at  its  base. 
Figs.  C  and  D  give  a  schematic  representation  of  this  view.] 

Only  the  general  arrangement  of  the  ventricular  muscular  fibres  has  been  indicated.  Accord- 
ing to  Pcttigrew,  there  are  seven  layers  in  the  ventricle,  viz.,  three  external,  a  fourth  or 
central  layer,  and  three  internal.  These  internal  layers  are  continuous  with  the  correspunding 
external  layers  at  the  apex,  thus — one  and  seven,  two  and  six. 

46.  PERICARDIUM,  ENDOCARDIUM,  VALVES.— The  pericardium  encloses 
within  its  two  layers  [visceral  and  parietal]  a  lymph  space— the  pericardial  space— which  con- 
tains a  small  quantity  of  l3rmph — the  pericardial  fluid.  It  has  the  structure  of  a  serous 
MEMBRANE,  j.^.,it  cousists  of  connective-Hssue  mixed  with^w^  elastic  fibres  arranged  in  the  form 
of  a  thin  delicate  membrane,  and  covered  on  its  free  surfaces  with  a  single  layer  of  epithelium 
or  endothelium^  composed  of  irregular,  polygonal,  flat  cells.  [Like  serous  cavities  generally,  it 
is  a  closed  cavity,  and  does  not  communicate  with  the  exterior.  J  A  rich  lymphatic  network  lies 
under  the  pericardium  (fig.  29)  and  endocardium ;  also  in  the  deeper  layers  of  the  visceral  peri- 
cardium next  the  heart  and  between  muscular  bundles  {Salvioli).  No  stomata  exist  either  on  its 
visceral  or  parietal  layers.  Around  the  coronary  arteries  of  the  heart  exist  lymph-vessels  and 
deposits  of  fat,  which  lie  in  the  fturows  and  grooves  in  the  subserosa  of  the  epicardium 
(visceral  layer). 

The  endocardium,  next  the  cavity  of  the  heart,  consists  of  a  single  layer  of  polygonal,  fiat, 
nucleated  endothelial  cells.  [Under  this  there  is  a  nearly  homogeneous  hyaline  layer  (fig.  37,  </), 
slightly  thicker  on  the  left  side,  which 
gives  the  endocardium  its  polished  ap- 
pearance.] Then  follows,  as  the  basis  of 
the  membrane^  a  layer  oifine  elastic  fibres 
— stronger  in  the  auricles,  and  in  some 
places  thereof  assuming  the  characters  of 
a  fenestrated  membrane.  Between  these 
fibres  a  small  quantity  of  connective- 
tissue  exists,  which  is  in  larger  amount 
and  more  areolar  in  its  characters  next 
the  myocardium.  Bundles  of  non^striped 
mMscular  fibres  (few  in  the  auricles)  are 
scattered  and  arranged  for  the  most  part 
longitudinally  between  the  elastic  fibres.  p*     ^.^ 

These  seem  evidently  meant  to  resist  the   o  ^'         r  *u        j        j.  u     r       1  l 

J-  *     .•         u>,u  •       ♦  *«  ^-^ i>^-  ♦u^    Section  of  the  endocardium,     a,  hyaline  layer:  ^, 

d«t«iuon  which  .s  apt  to  occur  when  the  ^^     ^   ^        ,     .     ^^^    ^         J^    ^ 

he.rtcontr«U  and  peat  pe^ure«  put  ,     .      ^^  ^    myoc^udium   with 

upon  the  endocardium     In  dl  cas«^where       yood-vessels,  which  do  not  pass  into  the  endo- 

high  pressiu^  is  put  upon  walls  composed       cardium 

of  soft   parts,  we   always  find  muscular 

fibres  present,  and  never  elastic  fibres  alone.    No  blood-vessels  occur  in  the  endocardium  ( Langer). 

The  valves  also  belong  to  the  endocardium — both  the  semi-lunar  valves  of 
the  aorta  and  pulmonary  artery,  which  prevent  the  blood  from  passing  back  into 
the  ventricles,  and  the  tricuspid  {right  auriculo- ventricular)  and  mitral  {left 
auriculo-ventricular),  which  protect  the  auricles  from  the  same  result.  The 
lower  veriebrata  have  valves  in  the  orifices  of  the  venae  cavae,  which  prevent 
regurgitation  into  them ;  while  in  birds  and  some  mammals  these  valves  exist 
in  a  rudimentary  condition.  The  valves  are  fixed  by  their  base  to  resist^mt 
fibrous  rings,  consisting  of  elastic  and  fibrous  tissue.  They  are  formed  of  two 
layers — (i)  xht  fibrous,  which  is  a  direct  continuation  of  the  fibrous  rings,  and 
(2)  a  layer  of  elastic  elements.  The  elastic  layer  of  the  auriculo-ventricular 
valves  is  an  immediate  prolongation  of  the  endocardium  of  the  auricles,  and  is 
directed  towards  the  auricles.  The  semi-lunar  valves  have  a  thin  elastic  layer 
directed  towards  the  arteries,  which  is  thickest  at  their  base.  The  connective- 
tissue  layer  directed  towards  the  ventricle  is  about  half  the  thickness  of  the 
valve  itself. 

The  auriculo-ventricular  valves  also  contain  striped  muscular  fibres. 
Radiating  fibres  proceed  from  the  aiu^icles  and  pass  into  the  valves,  which. 
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when  the  atria  contract,  retract  the  valves  towards  their  base,  and  thus  make  a 
larger  opening  for  the  passage  of  the  blood  into  the  ventricles ;  according  to 
Paladino,  they  raise  the  valves  after  they  have  been  pressed  down  by  the  blood- 
current.  This  observer  also  described  some  longitudinal  fibres  which  proceed 
from  the  ventricles  to  enter  these  valves.  There  is  also  a  concentric  layer  of 
fibres  arranged  near  their  point  of  attachment,  and  directed  more  towards  their 
ventricular  surface.  These  fibres  seem  to  contract  sphincter-tike  when  the 
ventricle  contracts,  and  thus  approximate  the  base  of  the  valves,  and  so  prevent 
too  great  tension  being  put  upon  them.  The  larger  chordffi  tendinex  also  con- 
tain striped  muscle,  while  a  delicate  muscular  network  exists  in  the  valvula 
Thebesii  and  valvula  Eustachii. 

Putkinje's  Fibres  conuti  of  an  anastomosing  sjrslen)  ol  grayish  fibres  which  exist  in  (he 
tub -endocardial  li&sue  of  the  ventricles,  especially  in  the  heart  of  the  sheep  and  ox.     The  libres 
are  made  up  of  polyhedral  clear  cells,  conlaining  some  granular  protoplasm,  and  osually  two 
nuclei  (fig.  38).     The  margins  ot  the  cells  are  striated.     Transit  ion- forms  are  found  between 
these    cells   and    the    ordinary   cardiac 
fibres;  in  fact,  these  cells  become  con- 
tinuous with  the  true  fully  developed 
Cirdi»c    fibres.     They   represent    cells 
which  have  tieen  arrested  in  their  de- 
',  velopment.     They  are  absent  in  man 
and  the  lower  vertebrates,  bat  in  birds 
and  some  mammals  they  are  well  marked 
-   {Schweiggtr-Siidel,  Jianvitr). 

Blood-Veaaels  occur  in  the  aurica- 
f  lo-ventricular  valves  only  where  muscu- 
lar fibres  are  present,  while  the  semi- 
limarvalves  are  usually  devoid  of  vessel* 
except  at  their  base.  The  best  figures 
of  the  blood-vessels  of  the  valves  are 
given  by  Langer  and  Darier.  The 
Fig.  38.  network  of  lymphatics  in  the  endo- 

Purltinje's  fibres  isolated  with  dilute  alcohol.       (,  cell;    canli"™  reaches  towards  the  middle  of 
/,  striated  substance :  «,  nucleus.     X  300.  ""*  valves. 

■^  ^^  Weight  of  the  Heart.— According 

to  W.  MUller  the  proportion  between  the  weight  of  the  body  and  the  heart  in  the  child,  and  until 
the  body  reaches  40  kilos.,  is  5  grms.  of  heart-subslance  to  I  kilo,  of  body-weight ;  when  the 
body- weight  is  from  50  to  90  kilos,  the  ratio  is  I  kilo,  to  4  grms.  of  heart  sulHtance;  at  too 
kilos.  3.5  grms.  As  age  advances,  the  auricles  become  stronger.  The  right  ventricle  is  half  the 
we^ht  of  the  left.  The  weight  of  the  heart  of  an  adult  man  is  about  309  grm<. ;  female,  Z74 
grms.  [According  to  1-aennec  the  heart  is  about  the  siie  of  llie  closed  fist  of  the  individual.] 
Blosfeld  and  Dieberg  give  346  grms.  for  the  mate,  and  310  to  340  gima  for  the  female  heart. 
The  sptcific  gravity  of  the  heart-muscle  is  t.069.  The  thickness  of  the  left  ventricle  in  the 
middle  in  man  is  114  mm.,  and  in  woman  ll.i;  ;  that  of  the  right  is  4.1  and  3.6  mm.  respec- 

47.  AUTOMATIC  RBOULATION  OP  THE  HEART.— Anatomical  Inveatiga- 
tioDB. — The  two  coronary  arteries  arise  from  the  first  part  of  the  aorta  in  lAe  rtgion  of  the  sinus 
of  Valsalva.  The  position  of  origin  varies — (1)  either  the  orifices  lie  within  the  sinus,  or  (2) 
their  openings  are  only  partially  reached  by  the  margins  of  the  semi-lunar  valves  (which  is  usually 
the  case  in  the  left  coronary  artery  of  man  and  the  ox),  or  (3)  tbeir  orifices  lie  clear  above  the 
margins  of  the  valves.  Post-mortem  observationi  seem  to  s^ow  that  during  contraction  of  the 
veolricle  it  is   very  improbable  that  the  semi-lunar  valves  constantly  cover  the  origin  of  the 

Automatic  Regulation  of  the  Heart. — Briicke  attempted  to  show  that 
during  the  systole,  or  contraction  of  the  ventricle,  the  semi-lunar  valves  covered 

the  openings  of  the  coronary  arteries,  so  that  these  vessels  could  be  filled  with 
blood  only  during  the  diastole  or  relaxation  of  the  ventricle.  To  him  it  seemed 
that  (a)  the  diastolic  filling  of  the  coronary  arteries  would  help  to  dilate  the 
ventricles;  (*)  on  the  contrary,  a  systolic  filling  of  these  arteries  would  oppose 
the  contraction,  because  the  systolic  fiUingand  expulsion  of  the  blood  from  the 


Sec.  48.]  EVENTS   DURING  A   CARDIAC  CYCLE.  67 

The  three  events — 

Systole  of  the  auricles, 
Systole  of  the  ventricles, 
Pause, 
may  be  lepresented  by  the  preceding  diagram,  while  the  table  shows  their 
relative  duration  (§  51). 

Landois.  Gibson. 

Duration  of  the  auricular  systole,  0.170-0. 177  o.i 00-0. 130 

do.  ventricular  systole,  0.309-0.346  0.325-0.395 

do.  pause,  0.393-0.407  0.455-0.690 

The  following  is  the  sequence  of  events  in  the  heart  during  a  cardiac 

cycle : — 

(A)  The  blood  flows  into  the  auricles,  and  thus  distends  them  and  the 
auricular  appendices.     This  is  caused  by — 

(i)  The  pressure  of  the  blood  in  the  venje  cavas  (right  side)  and  the  pul- 
monary veins  (left  side)   being  greater   than   the   pressure  in  the  auricles. 
(3)  The  elastic  traction  of  the  Jungs  (§  68),  which,  after  complete  systole  of  the 
auricles,  palls  asunder  the  now  relaxed  and  yielding  auricular  walls.    The 
illed  at  the  same  time,  and  they  act  to  a  certain 
;  for  the  large  supply  of  blood  streaming  into  the 

ict,  and  we  observe  in  rapid  succession — 
imptying  of  the  auricular  appendix  towards  the 
louths  of  the  veins  become  narrowed,  owing  to  the 
luscular  fibres  (more  especially  the  superior  vena 
) ;  fa)  the  auricular  walls  contract  simultaneously 
ir  valves  and  the  venous  orifices,  whereby  (3)  the 
xed  ventricles,  which  are  considerably  distended 

:les  is  followed  by — 

;he  blood  in  the  large  venous  trunks,  as  can  be 
sion  of  the  pectoral  muscles  so  as  to  expose  the 
junction  of  the  jugular  with  the  subclavian  vein.  There  is  no  actual  regurgita- 
tion of  the  blood,  but  only  a  partial  interruption  of  the  inflow  into  the  auricles, 
because  the  mouths  of  the  veins  are  contracted,  and  the  pressure  in  the  superior 
vena  cava  and  pulmonary  veins  soon  holds  in  equilibrium  any  reflux  of  blood ; 
and  lastly,  because  any  reflux  into  the  cardiac  veins  is  prevented  by  valves. 
The  movement  of  the  heart  causes  a  regular  pulsatile  phenomenon  in  the  blood 
of  the  veniE  cavx,  which  under  abnormal  circumstances  may  produce  a  venous 
pulse  (see  §  99). 

(^)  The  chief  motor  effect  of  the  contraction  of  the  auricles  is  the  dilatation 
tf  Ike  relaxed  ventricle,  which  has  already  been  dilated  to  a  slight  extent  by  the 
elastit  traction  of  the  lungs. 

Aaptralion  of  the  Ventricles. — The  dilatatjon  of  the  ventricles  has  been  ascribed  to  tlie 
daxlicity  of  the  iDuscnlar  walls — tbe  MroDgly  contracted  ventricular  walls  (like  a  compressed 
iodia-nibbcr  bog),  in  vittne  of  Iheir  ebuiicit;,  are  supposed,  in  retuming  to  their  nonnal  resting 
iuna,  to  »ack  in  or  aspirate  the  blood  under  a  n^aUve  preuare;  this  power  on  the  put  0/  tbe 
ventricle  is  not  great  (p.  69). 

(f)  When  the  ventricles  are  distended  by  the  inflowing  blood,  the  auriculo- 
ventricular  valves  are  floated  up,  partly  by  the  recoil  or  reflexion  of  the  blood 
from  the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity, 
whereby  they  easily  float  into  a  more  or  less  horizontal  position.  The  valves 
are  also  raised  to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass 
from  the  auricles  into  the  cusps  of  the  valve. 
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respiration  in  a  curarized  animal),  causes  slowing  of  (he  contractions,  especially 
of  the  left  ventriele,  whilst  the  right  one  at  first  contracts  more  quickly,  and 
then  gradually  its  rhythm  is  slowed.  The  contractions  of  the  left  ventricle  are 
not  Only  slowed  but  also  weakened,  whilst  the  right  pulsates  with  undiminished 
force.  Hence  it  follows  that,  as  the  left  half  of  the  heart  cannot  expel  the 
blood  in  sufficient  quantity,  the  left  auricle  becomes  filled,  whilst  the  right 
ventricle,  not  being  affected,  pumps  blood  into  the  lungs.  (Edema  of  the 
lungs  is  produced  by  the  high  pressure  in  the  pulmonary  circulation,  which  is 
propagated  from  the  right  heart  through  the  pulmonary  vessels  into  the  left 
auricle  (SamueUon  and  Griinkagen).  According  to  Sig.  Mayer,  protracted 
dyspncea  causes  the  left  ventricle  to  beat  more  feebly  sooner  than  the  right,  so 
that  the  left  side  of  the  heart  becomes  congested.  Perhaps  this  may  explain 
the  occurrence  of  pulmonary  oedema  during  the  death-agony. 

Cobnheim  and  v.  Schulthess-Rechberg  fonnd,  Bfier  linture  of  one  of  the  luge  bnndie*  of  > 
coToiuiy  ftrter?  in  >  dog,  that  U  tbc  end  of  n  mlnnte  tbe  pululioni  bec&mc  iatermiKCDt.  ThU 
inlenDillence  becomes  more  pronouoced,  the  two  sidei  of  the  hetrt  do  not  contract  nmultaneooilf 
(arh]thn>i>),  tbe  heart  beats  more  slowly,  and  tbe  biood-pressure  falls.  Suddenly,  about  105 
leconds  after  the  ligature  is  applied,  both  veninciei  cease  to  brat,  and  tb«re  i*  b  greM  fall  of 


F'g-  39- 
Diagiam  of  the  sequence  of  events  in  tbe  beait  during  a  cardiac  cycle. 

the  blood-presiuTe.  After  an  arrest  lasting  for  about  to  to  10  seconds,  twitching  n 
occur  in  tbe  ventricles,  wbile  tbe  auric'es  pulsate  r^ularly,  and  may  continue  to  do  so  for  man; 
minutes,  but  tbe  Tcntriclei  cea«  to  be»t  altogelher  after  so  seconds.  According  to  Lukjanow. 
there  is  a  peristaltic  condition  which  operates  upwards  and  downwards,  and  occurs  in  the  period 
between  the  regular  contraction  and  the  twitching  vibratory  movement.  StimaUtion  of  the 
vagus  does  not  arrest  these  perisiallic  movements. 

Pathological.— In  so-called  sclerosis  of  the  coronary  arteries  in  old  age,  there  are  attacks  of 
diminished  cardiac  activity,  weakness  of  the  heart,  and  altered  rhythm  and  frequency,  with 
consequent  brealhlessnes;  there  may  also  be  loss  of  consciousness,  congestions,  and  attacks  of 
ptilmonary  oedema.     Death  may  take  place  uneipectedly  from  sudden  arrest  of  the  heart's  action. 

48.  MOVEMENTS  OF  THE  HEART.— Cardiac  Revolution.— 
The  movement  of  the  heart  is  characterized  by  an  alternate  contraction  and  re- 
laxation of  its  walls.  The  total  cardiac  movement  is  called  a  "cardiac 
revolution,"  or  a  "cardiac  cycle,"  and  consists  of  three  acts — the  contrac- 
tion or  Systole  of  the  auricles,  the  contraction  or  Systole  of  the  ven- 
tricles, and  the  pause  (fig.  39).  During  the  pause  the  auricles  and  ventricles 
are  relaxed  ;  during  the  contraction  of  the  auricles  the  ventricles  are  at  rest ; 
whilst  during  the  contraction  of  the  ventricles  the  auricles  are  relaxed.  The  rest 
during  the  phase  of  relaxation  is  called  the  diastole. 
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The  three  events — 

Systole  of  tbe  auricles. 
Systole  of  the  ventricles, 
Pause, 
may  be  represented    by  the  preceding  diagram,  while    the  table  shows  their 
relative  duration  (§  51). 

Landois.  Gibson. 

Duration  of  the  auricular  systole,  0.170-0. 177  0.100-0.130 

do.  ventricular  systole,  0.309-0.346  0.325-0.395 

do.  pause,  0.393-0.407  0.455-0.690 

The  following  is  the  sequence  of  events  in  the  heart  during  a  cardiac 

cycle : — 

(A)  The  blood  flows  into  the  auricles,  and  thus  distends  them  and  the 
auricular  appendices.     This  is  caused  by — 

{1)  The  pressure  of  the  blood  in  the  venje  cavse  (right  side)  and  the  pul- 
monary  veins  (lefl  side)   being  greater  than  the   pressure  in  the  auricles. 
(2)  The  elastic  traction  of  the  b^i  (§  68),  which,  after  complete  systole  of  the 
auricles,  pulls  asunder  the  now  relaxed  and  yielding  auricular  walls.    The 
filled  at  the  same  time,  and  they  act  to  a  certain 
>  for  the  targe  supply  of  blood  streaming  into  the 

ict,  and  we  observe  in  rapid  succession — 
emptying  of  the  auricular  appendix  towards  the 
louths  of  the  veins  become  narrowed,  owing  to  the 
]uscular  fibres  (more  especially  the  superior  vena 
);  (2)  the  auricular  walls  contract  simultaneously 
jf  valves  and  the  venous  orifices,  whereby  (3)  the 
xed  ventricles,  which  are  considerably  distended 

:les  is  followed  by — 

[he  blood  in  the  large  venous  trunks,  as  can  be 
sion  of  the  pectoral  muscles  so  as  to  expose  the 
junction  of  the  jugular  with  the  subclavian  vein.  There  is  no  actual  regurgita- 
tion of  the  blood,  but  only  a  partial  interruption  of  the  inflow  into  the  auricles, 
becaoBC  the  mouths  of  tbe  veins  are  contracted,  and  the  pressure  in  the  superior 
vena  cava  and  pulmonary  veins  soon  holds  in  equilibrium  any  reflux  of  blood ; 
and  lastly,  because  any  reflux  into  the  cardiac  veins  is  prevented  by  valves. 
The  movement  of  the  heart  causes  a  regular  pulsatile  phenomenon  in  the  blood 
of  the  veniE  cavse,  which  under  abnormal  circumstances  may  produce  a  venous 
pulse  (see  %  99). 

(i)  The  chief  motor  effect  of  the  contraction  of  the  auricles  is  the  dilatation 
eflhe  relaxed  ventricle,  which  has  already  been  dilated  to  a  slight  extent  by  the 
elastic  traction  of  the  lungs. 

AapiTBtion  of  tbe  Ventricles, — The  dilatation  of  tbe  ventricles  has  been  ascribed  lo  tbe 
duiicity  of  Che  iDoscnlar  walla— tbe  sttongl}r  contracted  ventricular  walli  (like  a.  compressed 
JDdia-mbbcr  bag),  in  vtrtne  of  their  elaslicity,  are  supposed,  in  returning  lo  their  normal  resting 
tano,  to  sack  in  or  aspirate  the  blood  under  a  negative  pressure ;  Ibis  powei  on  the  pait  of  the 
rentricte  is  not  great  (p.  69). 

(c)  When  the  ventricles  are  distended  by  the  inflowing  blood,  the  auriculo- 
ventricnlar  valves  are  floated  up,  partly  by  the  recoil  or  reflexion  of  the  blood 
from  the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity, 
whereby  they  easily  float  into  a  more  or  less  horizontal  position.  The  valves 
are  also  raised  to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass 
from  the  auricles  into  the  cusps  of  the  valve. 
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(C)  The  ventricles  now  contract,  and  simultaneously  the  auricles  relax, 
whereby — 

(i)  The  muscular  walls  contract  forcibly  from  all  sides,  and  thus  diminish 
the  ventricular  cavity.  (2)  The  blood  is  at  once  pressed  against  the  under 
surface  of  the  auriculo* ventricular  valves,  whose  curved  margins  are  opposed  to 
each  other  like  teeth,  and  are  pressed  hermetically  against  each  other  (fig.  40). 
It  is  impossible  for  the  blood  to  push  the  cusps  backwards  into  the  auricle,  as 
the  chords  tendinese  hold  fast  their  margins  and  surfaces  like  a  taut  sail.  The 


Cut  of  (he  ventricles  of  ihe  human  heart  viewed  from  jf^tn^  and  above;  the  walU  have  been 

removed,  and  onl;  the  libroua  ringii  aod  the  auriculo- ventricular  valves  are  retained. 

'  "    ^.  fight  venlricle;  5,  septum  ;  ^,  left  Hbrous  rin~  "  ''""     -■•--'-  -i---j      r.   _-. 

s  ring,  vith  tricuspid  closed;  A,  aorta,  with  111 

a;  5,  linus  of  Valsalva;  /*,  pulmonaiy  artery. 

margins  of  the  neighboring  cusps  are  also  kept  in  apposition,  as  the  chordae 
tendinese  from  one  papillary  muscle  always  pass  to  the  adjoining  edges  of  two 
cusps.     The  extent  to  which  the  ventricular  wall  is  shortened  is  compensated 

by  Che  contraction  of  the  papillary  muscle,  and  also  of  Che  large  muscular 
chordEc,  so  that  the  cusps  cannot  be  pushed  into  the  auricle.  When  the  valves 
are  closed,  their  surfaces  are  horizontal,  so  that,  even  when  the  ventricles  are 
contracled  to  their  greatest  extent,  there  remains  in  the  supra-papillary  space  a 
small  amount  of  blood  which  is  not  expelled  {Sandborg  and  Worm  M-uller'). 
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(3)  When  the  pressure  within  the  ventricles  exceeds  that  in  the  arteries,  the 
semi-lunar  valves  are  forced  open  and  stretched  like  a  sail  across  the  pocket-like 
sinus,  without,  however,  being  directly  applied  to  the  wall  of  the  arteries 
(pulmonary  and  aorta),  and  thus  the  blood  enters  the  arteries. 

(D)  Pause. — As  soon  as  the  ventricular  contraction  ends,  and  the  ventricles 
begin  to  relax,  the  semi-lunar  valvei  dose  (fig.  41)-  The  diastole  of  the 
ventricles  is  followed  by  the  pauae.  Under  normal  circumstances,  the  right 
and  left  halves  of  the  heart  always  contract  or  relax  uniformly  and  simultane- 
ously. 

Endocardial  Pressure  and  Negative  Pressure  in  the  Ventricle. — Golti  and  Ganle 
(oDiid  that  tbae  «ru  ■  nega^ivt  pramrt  of  33.5  nun.  Hg.  (dog)  in  Ihe  interior  of  the  ventricle 
during  a  ccitain  phase  of  the  heart's  action.    This  they  determined  bj  a  maximal  and  minimal 
□unomeleT.      They  ntnnised  Chat  this  phase  coincided  with  the 
diaslidic  dUaiatiBn,  lor  which  the;  BUumed  ■  cansidenble  power 
of  aspiratioD.     Moens  is  of  opinion  thai  this  negative  pteisure 
within  the  Tenlricle  obtains  skertly  befare  Ike  lyslele  \ai  rtaihed 
Us  hright,  i.  t.,  josl  before  the  inner  Surface  of  lie  ventricles  and 
the  valves,  afler  the  blood  is  expelled,  arc  nearly  in  apposition. 
He  explains  this  aspiration  as  being  due  to  the  formation  of  a: 
empty  space  in  the  ventricle  onsed  by  the  energetic  expulsion  0 
the  blood  through  the  aoita  and  pulmonary  artery, 

[Haximuni  and  Minimum  Manometer. — Into  the  tube  I 
coDDCCting  the  interior  of  the  ventricle  of  the  heart  with  the 
ordtnaiy  U-shaped  mercury  manometer,  is  introduced  the  maxi- 
mnm  manometer,  which  is  conttructed  on  the  principle  of  a  ball 
and  cnp  valve  (%.  41);  the  ball  A,  being  kept  closed  in  B  I7  a 
spring  C.     To  m^e  it  a  maximani  manometer  the  end  A  is  con-  I^'E-  4'' 

neeied  with   the   heart, .and  B  with   the   mercurial  manometer  i^ef-i^g^  )^„|.|„Q„y,|,^Qf 
(1^.  41).     When  a  clamp  is  placed  on  the  upper  limb  the  valve      the  pulmonary  artery  seen 
is  acted  on  only  at  each  systole  of  the  heart,  blood  is  driven      irma  below. 
beyond  it,  but  during  diastole  it  cloces  and  no  blood  can  return. 

This  goes  on  until  the  pressure  beyond  the  valve  in  the  mercury  maitometer  is  the  same  as  in  Uie 
heart.     If  the  valve  be  reveraed,  it  is  converted  into  a  minimum  manometer.] 

49-  PATHOLOGICAL,  CARDIAC  ACTION. —Cardiac  Hypertrophy.— All  re- 
sistances to  the  movement  of  the  blood  through  the  various  chambers  of  the  heart,  and  through 
the  vessel*  communicating  with  it,  cause  a  greater  amount  of  work  to  be  thrown  upon  the  portion 
of  the  heart  specially  related  to  this  part  of  the  circulatory  lystem ;  consequently,  there  is 
produced  an  increase  in  the  thickness  of  the  miucnlar  walls  and  dilatation  of  the  heart.     If  ibe 


Ganle's  maximum  and  minimum  manometer  A  B.     j  shows  the  actual  size  and  arrangement  of 


c  or  obstacle  does  not  act  upon  ont  part  of  the  heart  alone,  but  on  parts  lying  in  the 
tmward  direction  of  the  blood-stream,  these  parts  also  subsequently  undergo  hypertrophy.  If  in 
addition  to  the  muscular  thickening  of  a  part  of  the  heart,  the  cavity  is  simultaneously  dilated,  it 
is  spoken  of  as  eccentric  hypertrophy  or  hypertrophy  with  dilatation.  The  obstacles  moat 
likdy  to  occnr  in  the  bUod  vtiitls  are  narrowing  of  the  lumen  or  want  of  clasticily  in  their  walls; 
in  the  Atari,  narrowing  of  the  arterial  or  venous  orifices  or  insufSdency  or  incompetency  of 
tlie  valves.  Incompetency  of  the  valves  forms  an  obstruction  to  the  movement  of  the  blood, 
by  aDowing  part  of  the  blood  to  flow  back  or  regurgitate,  thus  ihrowit^  extra  work  upon  die 

Thus  ari»e— (1)  Hypertrophy  of  the  left  ventricle,  owing  to  resistance  in  the  area  of  the 
systemic  ciiculatioD,  especially  in  the  arteries  and  capllariei — not  in  the  veins.  Amongst  the 
causes  are — constriction  of  the  orifice  or  other  puts  of  the  aona,  calcification,  atheroma,  and 
want  of  elasticity  of  the  large  arteries  and  irr^ular  dilatations  or  aneurisms  in  their  course; 
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insufficiency  of  the  aortic  valves,  in  which  case  the  same  pressure  always  obtains  within  the 
ventricle  and  in  the  aorta ;  and,  lastly,  cirrhosis  of  the  kidneys,  whereby  the  excretion  of  water 
by  these  organs  is  diminished.  Even  in  mitral  insufficiency,  compensatory  hypertrophy  of  the 
left  ventricle  must  occur,  owing  to  the  hypertrophy  of  the  left  atrium  in  consequence  of  the 
increased  blood -pressure  in  the  pulmonary  circuit. 

(2)  H3rpertrophy  of  the  left  auricle  occurs  in  stenosis  or  constriction  of  the  left  auriculo- 
ventricular  oriRce,  or  in  insufficiency  of  the  mitral  valve,  and  it  occurs  also  as  a  result  of  aortic 
insufficiency,  because  the  auricle  has  to  overcome  the  continual  aortic  pressure  within  the 
ventricle. 

(3)  H3rpertrophy  of  the  right  ventricle  occurs  {a)  when  there  is  resbtance  to  the  blood- 
stream through  the  pulmonary  circuit.  The  resistance  may  be  due  to  (a)  obliteration  of  large 
vascular  areas  in  consequence  of  destruction,  shrinking  or  compression  of  the  lungs,  and  the 
disappearance  of  numerous  capillaries  in  emphysematous  lungs;  (/?)  overfilling  of  the  pulmo- 
nary circuit  with  blood  in  consequence  of  stenosis  of  the  left  auriculo- ventricular  orifice,  or 
mitral  insufficiency — consequent  upon  hypertrophy  of  the  left  auricle  resulting  from  aortic 
insufficiency,  (b)  When  the  valves  of  the  pulmonary  artery  are  insufficient,  thus  permitting  the 
blood  to  flow  back  into  the  ventricle,  so  that  the  pressure  within  the  pulmonary  artery  prevails 
within  the  right  ventricle  (very  rare). 

(4)  Hypertrophy  of  the  right  auricle  occurs  in  consequence  of  the  last-named  condition, 
and  also  from  stenosis  of  the  tricuspid  orifice,  or  insufficiency  of  the  tricuspid  valve  (rare). 

Artificial  Injury  to  the  Valves. — If  the  aortic  valves  are  perforated,  with  or  without 
simultaneous  injury  to  the  mitral  or  tricuspid  valves,  the  heart  does  more  work;  thus  the 
physical  defect  is  overcome  for  a  time,  so  that  the  blood. pressure  does  not  fall.  The  heart  seems 
to  have  a  store  of  reserve  energy  which  is  called  into  play.  Soon,  however,  dilatation  takes 
place,  on  account  of  the  regurgitation  of  the  blood  into  the  heart.  Hypertrophy  then  occurs, 
but  the  compensation  meanwhile  must  be  obtained  through  the  reserve  energy  of  the  heart 
(O.  RosenbacK). 

Impeded  Diastole. — Among  causes  which  hinder  the  diastole  of  the  heart  are — copious 
effusion  into  the  pericardium,  or  the  pressure  of  tumors  upon  the  heart  The  systole  is 
greatly  interfered  with  when  the  heart  is  united  to  the  pericardium  and  to  the  connective  tissue 
in  the  mediastinum.  As  a  consequence,  the  connective  tissue,  and  even  the  thoracic  wall,  are 
drawn  in  during  contraction  of  the  heart,  so  that  there  is  a  retraction  of  the  region  of  the  apex- 
beat  during  systole,  and  a  protrusion  of  this  part  during  the  diastole. 

[Palpitation  is  a  symptom  indicating  generally  very  rapid  and  quick  action  of  the  heart,  the 
pulsations  often  being  unequal  in  time  and  intensity,  while  the  person  is  generally  conscious  of 
the  irregularity  of  the  cardiac  action.  It  may  be  due  to  some  organic  condition  of  the  heart 
itself,  especially  where  the  cardiac  muscles  are  weak,  in  cases  of  dilatation  and  hypertrophy  of 
the  left  ventricle,  where  the  heart  is  gradually  becoming  unable  to  overcome  the  resistances  offered 
to  its  work,  and  e}>pecially  during  exertion  when  the  heart  is  taxed  above  its  strength.  It  may 
also  occur  where  the  blood-pressure  is  low,  as  in  anaemia,  so  that  the  heart  contracts  quickly, 
there  being  little  resistance  opposed  to  its  action.  The  excitability  of  the  cardiac  muscle  may 
be  increased  as  in  fatty  heart,  when  very  slight  exertion  may  excite  it  often  in  a  paroxysmal 
way.  In  other  cases,  it  is  nervous  in  its  origin,  being  either  direct  or  reflex.  In  very  emotional 
and  excitable  people  (especially  in  womenl  it  is  easily  set  up,  and  in  some  people  it  may  be 
produced  reflexly  by  gastric  or  intestinal  irritation  or  dyspepsia.  It  also  frequently  results  from 
excesses  of  all  kinds  and  the  over-use  of  tobacco.  The  remedies  to  be  used  obviously  depend 
on  the  cause.  Where  the  blood-pressure  is  low,  as  in  anaemia,  digitalis  and  iron  wUl  do  g^>od; 
the  former  by  increasing  the  blood-pressure,  and  the  latter  by  improving  the  general  nutrition  of 
the  body  and  the  blood  in  particular.  In  neurotic  cases  cardiac  sedatives  are  indicated,  while 
in  cases  due  to  indigestion  hydrocyanic  acid  is  useful  {^Brunion)."] 

[Painting  or  Syncope. — In  fainting  the  person  loses  consciousness,  owing  to  a  sudden  arrest 
of  the  blood- supply  to  the  brain,  the  face  is  pallid,  the  respiration  is  feeble  or  ceases,  while  the 
heart  beats  but  feebly  or  not  at  all.  The  defective  supply  of  blood  to  the  brain  may  depend 
upon  sudden  arrest  of  the  heart's  action,  caused,  it  may  be,  by  a  fright,  or  the  heart's  action 
may  be  arrested  reflexly.  Any  cause  which  suddenly  diminbhes  the  blood- pressure  may  pro- 
duce it,  or  when  pressure  is  suddenly  removed  from  the  large  vessels,  as  in  tapping  the  abdomen 
in  ascites,  without  at  the  same  time  giving  sufficient  support  to  the  abdominal  viscera.  When 
a  person  has  been  long  in  the  recumbent  position,  on  being  rapidly  set  up  in  bed  he  may  faint 
In  some  forms  of  heart  disease,  sudden  exertion  or  change  of  posture  may  produce  it.] 

[Treatment. — The  object  is  to  restore  consciousness  and  the  action  of  the  heart  Place  the 
person  in  the  horizontal  position,  keep  the  head  low,  even  lower  than  the  body,  and  do  not 
support  it  with  pillows.  Dashing  cold  water  on  the  face,  so  as  to  stimulate  the  fifth  nerve, 
usually  succeeds  in  causing  the  person  to  take  a  deep  inspiration.  In  other  cases  a  sniff  of 
smelling  salts  or  ammonia,  acting  through  the  nasal  branch  of  the  fifth  nerve,  will  excite  the 
cardiac  and  respiratory  functions  (J  368).] 
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50.  THE  APEX-BEAT  CARDIOGRAM— Cardiac  Impulse- 
By  the  term  "  apex-beat "  or  "  cardiac  impulse,  "  or  "  precordial  pulsa- 
tion "  is  understood  under  normal  circumstances  an  elevation  (perceptible  to 
touch  and  sight),  in  a  circumscribed  area  of  \\\^  fifth  left  intercostal  space,  and 
causedby  the  movement  of  the  heart.  [The  term  "precordial"  is  applied  to  the 
part  of  the  chest  situated  in  front  of  the  heart.  The  cardiac  impulse  is  felt,  and 
is  normally  visible  in  the  fifth  left  intercostal  space,  i  inches  below  the  nipple, 
and  ^  to  I  inch  to  its  sternal  side,  or  at  a  point  3  inches  to  the  left  of  the 
sternum,  i.  e.,  about  3  inches  from  raid -sternum.]  The  impulse  is  more  rarely 
felt  in  the  fourth  intercostal  space,  and  it  is  much  less  distinct  when  the  heart 
beats  against  the  fifth  rib  itself.  The  position  and  force  of  the  cardiac  impulse 
vary  with  changes  in  the  position  of  the  body.  [The  term  "  apex-beat "  is 
very  loosely  applied,  but  normally  it  is  produced  by  the  impulse  of  the  apex 
of  the  left  ventricle  against  the  thoracic  wall.] 

[Tbe  cardiac  impulse  is  synchroDOiu  with  the  systole  of  the  beul.  but  alihougb  this  name 
■od  apcx-beal  are  frequenily  used  as  lynonjrmous  terms,  it  is  to  be  remembered  that  the 
impulse  may  be  caused  by  different  pans  of  ihe  heart  being  in  contact  with  ibe  chesl-wall. 
ually  higher  than  normal  in  children,  while  it  is  lower  during  ins[Nra- 


l^ 


[Metboda.— To  obtain  a  ci 
of  the  following  cardiograpbi 
lists  of  an  oral  wooden  capsnli 
capable  of  beii^  regulated  by 
tntie  which  may  be  connect«i 
the  inxniment,  consisting  esse 
/,  to  t>e  applied  oirer  the  apex- 
muDJcaled  by  the  tube,  /,  to  a 
Brondgeest,  which  consists  of 
by  means  of  a  sciew,  J-.  Bordi 
17  the  sjinng,  r.  does  not  re 
attached  to  it.    The  apparalui 


'*  original  form  ;  B,  Marey'i  improved  form  -,  C,  pausphygmo- 
D,  cardi<^raph  of  Buidon- Sanderson  ;  E,  ihot  of  v.  KnulH 

lire  of  Ibe  apex-beat  or  a  cardfogram,  we  may  use  one  or  other 
I  (fig.  43).  Fig.  43,  A,  is  the  fir»  form  used  by  Maiey,Bnd  it  con- 
;  applied  in  an  air-tight  mannerovertbe  apex-beat.  The  disc,  /, 
ihe  screw,  i,  pressei  upon  the  region  of  the  epex.beat,  while  /  is  a 
with  a  recording  lim boor  (fig.  55).  B  is  an  improred  form  ol 
ntially  of  a  tambour,  while  attached  to  ihe  membrane  is  a  ballon, 
beaL  The  movements  of  the  air  within  the  capsule  are  com- 
:  recording  tambour.  Fig.  43,  C,  is  the  pansphygmograpb  ol 
a  Marey's  lambour,  in  an  iron  horse-shoe  frame,  and  adjustable 
in-Sandenon's  cardiograph  is  shown  in  D.  The  button,  /,  carried 
t  upon  (he  caoutchone  membrane,  but  on  an  aluminium  plale 
is  adjusted  to  the  chest  by  three  supports.     Fig.  43.  E,  shows 


Fig-  44 
I,  b^iDDiBg  of  tU,  and  3,  zd  sound. 
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the  uiDc  priDCi[de  hj  Gmnmuch  ind  t.  Knoll.  In  all  these 
it-tube  commuQicaling  with  •  recording  Umbour  (1^.  SS).  D  and 
£  may  be  used  for  other 
purposes,  t.ff.,  for  the 
pulse,  so  that  they  are 
polygraphs.  See  also 
GC.  Sg.] 

[For    studying    the 
carve  of  conlnaion  and 
expansion  of  the  ventri- 
cles  Raj  and   Adami 
used  a  tpecUl   myo- 
cardiograph.      Fine 
hooks  were  inserted  into 
the  ventricular  wall,  the 
hooks  were  attached  lo 
threads  which   hooked 
over  pulleys  and  were 
then  connected  with  recording  Icvctb.   To 
obtain  tracings  of  the  contraction  of  (he 
papillary  muscles  a  fine  hooked  wire 
was  insetted  through  the  auricular  wall 
and  booked  over  one  of  the  mitral  flaps. 
It  slides  easily  in  a  collar  which  is  tied  to 
the  edges  of  the  opening  in  the  auricalar 
wsU.    To  the  wire  is  attached  a  thread, 
which,  after  passing  round  a  puUey,  is 
attached  to  a  recording  lever.] 

Fig.  47,  A,  shows  the  cardio- 
gram or  the  impulse-curve  of  the 
heart  of  a  healthy  man ;  B,  that 
of  a  dog,  obtained  by  means  of  a 
sphygmograph.     In  both,  the  fol- 
lowing points  are  to  be  noticed  : 
ai,  corresponds  to  the  time  of  the 
pause  and  iAe  contraction  of  the  auricles.     As 
the  atria  contract  in  the  direction  of  the  axis 
of  the  heart  from  the  right  and  above  towards 
the  lefl  and  below,  the  apex  of  the  heart  moves 
towards  the  intercostal  space.     The  two  or 
three  smaller  elevations  are  perhaps  caused  by 
the  contractions  of  the  ends  of  the  veins,  the 
auricular  appendices,  and  the  atria  themselves. 
The  portion  be,  which  communicates  the 
greatest  impulse  to  the  instrument,  and  also  to 
one's  hand  when  it  is  placed  on  the  apex-beat, 
is  caused  by  the  contraction  of  the  ventricles, 
and  during  it  the  first  sound  of  the  heart  occurs. 
By  some  observers  the  cardiac  impulse  has  been 
ascribed  to  the  contraction  of  the  ventricles 
alone.     It,  however,  is  due  to  all  those  con- 
ditions which  caiise.an  elevation  in  the  region 
of  the  cardiac  impulse. 

[Edgren  recorded  a  human  cardicgram,  and  listened 
at  the  same  time  to  the  heart-sounds,  recording  the  latter 
by  means  of  an  electric  signal.  The  curve  rises  at  a, 
with  the  beginning  of  the  fint  sound,  i.e.,  with  the  cotitraction  of  (be  ventricles,  and  reaches  the 
abscissa  at /with  the  beginning  of  the  second  sound,  f.f.,  wheu  the  semi-lunar  valves  are  closed. 
The  relation  between  a  and  the  points  intermediate  between  it  and  /,  and  lo  the  pulse-cnrve  of 


F«-  45- 

The  upper  curve  from  the  human  carotid ;  the  lower 

a  cardic^am  taken  simultaneously. 


Fig.  46. 
Cardiogram  ofdog,showing  the  various 
points  of  a  Mrdiogram  to  which 
different  observers  have  referred  the 
occurrence  of  the  second  sound 
(closure  of  the  semi-lunar  valves). 
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the  cuMid,  is  ihowD  in  fig.  45.    Tbe  iMten  with  th«  dub  Miimpond  to  the  unmirked  letlers  in 
the  cardiogram.] 

PiVhilc  all  oUovers  are  agreed  at  to  the  position  of  tbe  occurrence  of  the  first  sound  in  a 
cardiogmn,  (he;  diRicr  very  coaiiderablj'  as  10  tbe  positioD  of  tbe  second  lound,  i,e,,  the  closure 
of  tbe  semi-lunar  TalTei(^.  46}.  Martini  places  U  in  Ibe  deprexsion  between  f  and  i/(6g.  47,  E); 
Landois  at  the  two  projections  d  and  e,  d  correaponding  to  the  closure  of  the  acetic,  and  t  to  that 
of  the  pulmonaiy  valve*;  Marej  and  Fredericq  about  the  middle  between  t  and^,  and  E^gren  at 
the  pouU  f.  Acccrding  to  Landois,  the  part  be  (iig.  47,  A)  is  due  to  the  contraction  of  tbe 
ventiicles,  and  from  e  onwards  the  ventricular  musculature  begins  to  relax  and  lasts  from  c  \of. 
Ii  is  pluo  from  the  diiigrani  Chat  according  to  Landois  tbe  closure  of  the  semi-lunar  valves  Cakes 
place  earlier  (at  d  tnd  i)  than  according  to  Mareyis  the  case.  Fredericq  has  lecenlly  re- investi- 
gated the  snbject  on  the  dog's  heart,  and  agrees  with  Many  that  the  closure  of  the  semi-lunar 
nlves  takes  place  at  e.     See  also  lig.  46.] 


Fig.  47. 
A,  tiormat  curve  (man)  ;  B,  from  a  dog,  C,  very  r^id  curve 
1  curves  (man)  registered  on  a  vibrating  glass  plate  wbete  each 
tndentatioD  =  0.01613  sec.  In  all  the  curves  ab  means  contraction  of  the  auricles,  and 
be  of  the  ventricles ;  d,  cloaure  of  the  aortic,  and  t,  of  the  pulmonary  valves ;  i/,  diaiCcde 
of  the  ventricle. 

The  cause  of  the  cardiac  impulse  has  been  much  discussed.  It  depends 
apon  the  following : — 

^i)  The  base  of  the  heart  (auriculo -ventricular  groove)  represents  during 
diastole  a  transversefy-placed  ellipse  (fig.  48,  1,  FG),  while  during  contraction 
it  has  a  mon  circular  figan,  ab.  Thus,  the  long  diameter  of  the  ellipse  (FG) 
is  diminished)  the  small  diameter  dc  is  increased,  while  the  base  is  brought 
nearer  to  the  chest-wall  e.  This  alone  does  not  cause  the  impulse,  but  the  basis 
of  the  heart,  being  hardened  during  the  systole  and  brought  nearer  to  the 
chest-wall,  allows  the  apex  to  execute  the  movement  which  causes  the  impulse 
(P-  70. 
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(3)   During  relaxation   the  ventricle  lies   with   its  apex  (fig.   48,   II,  /) 
obliquely  downwards,  and  with  ils  long  axis  in  an  oblique  direction — so  that 

the  angles  (^f/,  act)  formed  by  the  axis  of  the  ventricles  with  the  diameter  of 
the  base  are  unequal — during  systole  it  represents  a  regular  cone,  with  its  axis 
at  right  angles  to  its  base.  Hence  the  apex  (J)  must  be  erected  from  below 
and  behind  (^),  forwards  and  upwards  (^Harvey — "cor  sese  erigere "),  and 
when  hardened  during  systole  presses  itself  into  the  intercostal  space  (fig. 
48,  II). 

(3)  The  ventricles  undergo  during  systole  a  slight  spiral  twisting  on  their 
long  axis  ("  lateralem  inclinationem  " — Harvey),  so  that  the  apex  is  brought 
from  behind  more  forward,  and  thus  a  greater  portion  of  the  left  ventricle  is 
turned  to  the  front.     This  rotation  is  caused 
by  the  muscular  fibres  of  the   ventricles, 
which  proceed  from  that  part  of  the  fibrous 
rings  between  the  auricles  and  ventricles 
which  lies  next  the  anterior  thoracic  wall. 
The  fibres  pass  from  above  obliquely  down- 
wards, and  to  the  left,  and  also  run  in  part 


I.  If. 

Fig.  48- 
I.  Schematic  horizontal  section  Ihrougn  ihe  heart,  lungs,  and  ihorax,  to  show  ibe  change  of 
shape  which  the  base  of  the  heart  unde^oei  during  coDlraclion  of  the  ventricle — F,  G, 
transverse  diameter  of  the  ventncle  during  diastole;  <-,  position  of  Ibe  thoracic  wall;  a,b, 
transverse  diameter  of  the  heart  during  »yttole,  with  t,  poaiiian  of  the  antenor  thoracic 
wall  during  systole.     H.  Side-view  of  the  heart — 1,  a|>ex  .dntdug  diastole ;' /,  during  systole. 

upon  the  posterior  surface  of  the  ventricles.  When  they  contract  in  the  axis 
of  their  direction,  they  tend  to  raise  the  apex,  and  also  to  bring  more  of  the 
posterior  surface  of  the  heart  in  relation  with  the  anterior  thoracic  wall.  It  is 
favored  by  the  slightly  spiral  arrangement  of  the  aorta  and  pulmonary  artery. 
These  are  the  most  important  causes,  but  the  minor  causes  are — 
(4)  The  ^^  reaction  impulse"  or  ^^  recoil,"  or  that  movement  which  the  ven- 
tricles are  said  to  undergo  (like  an  exploded  gun  or  rocket)  at  the  moment 
when  the  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  whereby  the 
apex  goes  in  the  opposite  direction,  /.  e.,  downwards  and  slightly  outwards. 
Landois,  however,  has  shown  that  the  mass  of  blood  is  discharged  into  the 
vessels  0.08  of  a  second  after  (he  beginning  of  a  systole,  while  the  cardiac 
impulse  occurs  with  the  first  sound. 
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(5)  When  the  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  these 
vessels  are  slightly  elongaUd,  owing  to  the  increased  blood -pressure.  As  the 
heart  is  suspended  from  above  by  these  vessels,  the  apex  is  pressed  slightly 
downwards  and  forwards  towards  the  intercostal  space  (?). 

Ai  the  cardiac  impulse  is  observed  in  the  empty  heans  of  dead  animals.  (4)  and  (5)  are  cer- 
tainlT  of  only  second-rale  importance.  Fllehne  and  Penlzoldt  maintain  that  ihe  apex  during 
ijmole  docs  not  move  to  the  left  and  downwards,  as  must  be  the  Case  in  (4)  and  (5).  but  that  il 
moTCS  upward  and  to  the  right — a  resall  corrolioralcd  byv,  Ziemssen.  [Harr  altrilwtei  the  cause 
of  the  impulse  to  the  rigidity  or  hardening  of  the  ventricle  during  ayslole  (0  the  lotaiy  movement 
■ud  lengthening  downwards  of  the  blood  column  in  Ihe  aoita  and  pulmonary  artery,  while 
towards  the  end  of  the  systole  the  maximum  of  recoil  takes  place  and  also  conliibules  lo  cause  it,] 

It  is  10  be  remembered  that  as  the  apex  is  alniays  applied  to  the  chnt  wall,  separated  from  it 
merely  by  the  thin  margin  of  the  lung,  il  only  presses  against  the  intercostal  space  duiing  systole 

After  the  apex  of  the  curve,  c,  has  been  reached  at  the  end  of  the  systole,  the 
curve  falls  rapidly,  as  the  ventricles  quickly  become  relaxed.  In  the  descend- 
ing part  of  the  curve,  at  i/and  e,  are  two  elevations,  which  occar  simuilaneousiy 
with  the  second  sound.  These  arc  caused  by  the  sudden  closure  of  the  semi- 
lunar valves,  whereby  an  impulse  is  propagated  through  the  axis  of  the  ven- 
tricle to  its  apex,  and  thus  causes  a  vibration  of  the  intercostal  space  ;  rf  corre- 
sponds to  the  closure  of  the  aortic  valves,  and  f  to  the  closure  of  the  pulmonary 
valves.  The  closure  of  the  valves  in  these  two  vessels  is  not  simultaneous,  but 
is  separated  by  an  interval  of  0.05  to  0.09  sec.  The  aortic  valves  close  sooner 
on  account  of  the  greater  blood -pressure  there.  Complete  diastolic  relaxation 
of  the  ventricle  occurs  from  f  to  /  in  the  curve. 

It  is  clear,  then,  that  the  cardiac  imptilse  is  caused  chiefly  by  the  contraction 
of  the  ventricles,  while  the  auricular  systole  and  the  vibration  caused  by  the 
closure  of  the  semi-lunar  valves  are  also  concerned  in  its  production. 

[Fig.  49  (i)  shows  a  cardiogram  obtained  from  a  case  of  ectopia  cordis,  and 
side  by  side  with  it  is  (3)  a  tracing  from  the  heart  of  a  cat,  which  was  obtained 
by  resting  a  light  lever 
on  the  anterior  wall  of 
the  left  ventricle,  the 
organ  being  exposed  by 
making  a  bole  in  the 
thorax.  The  two  curves 
are  identical  in  charac- 
ter. In  each  a  rounded 
wave  (a  to  t)  is  followed 
by  a  rapid  ascent  of  the 
carve  {p  to  t),  while  the 
summit  or  plateau  shows 
a  notch  (</),  and  a  more 
or  less  rounded  shoulder 
(<r)  preceding  the  de- 
scent. The  part  of  the 
carve  between  b  and  e 
corresponds  to  the  con* 
traction  of  the  ventri- 
cle, and  from  e  onwards 
to  its  relaxation.] 

[Some  light  is  thrown 
on    the    cardiogram    if 
rimaltaneously  with  the  taking  of  a  cardiographic  tracing  the  intra- ventricular 
pressure  be  meastired.     Rolleston's  method  (p.  76),  fig.  50  (A)  shows  such  a 


Fig.  49. 
Cardioeraphtc  tracing  from  a  case  of  ectopia  cordis  {Fran(eis 
Francs).     3,  Cardiographic  tracing  from  the  exposed  heart  of 
a  cat,  obtained  by  placing  a  light  levei  on  the  ventricle.     The 
luning-tbrk  curve  maiki  50  vibrations  per  sec. 
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tracing.     A  shows  the  changes  in  the  antero-posterior  diameter  of  the  ven- 
tricles, but  it  is  to  be  noted  that  the  highest  point  of  A  does  not  correspond  with 
the  maximum  pressure  within  the  ventricle,  but  that  the  latter  occurs  at  the  same 
time  as  the  notch  (4)  of  A.     The  notch  ^4)  in  A  corresponds  in  time  with  the 
interposed  wave  (4)  of  B.     The  descent  in  A  from  3-4  is  due  to  the  ventricles 
having  reached  their  maximum  of  contraction,  and  forcing  out  some  blood  into 
the  aorta  and  pulmonary  artery,  so  that  their  antero-posterior  diameter  neces- 
sarily diminishes.     What  is  the  cause  of  the  notch  at  the  moment  of  maximum 
intra- ventricular  pressure  ?     It  corresponds  in  time  with  the  rapid  contraction 
of  the  papillary  muscles,  which  thus  pull  down  the  auriculo- ventricular  valves, 
thus  raising  the  intra-ventricular  pressure; 
but  at  the  same  time  the  part  of  the  ventri- 
cular wall  from  which  the  papillary  muscles 
originate'  becomes    indented    {j?oy    and 
Adam).'] 

[Change  in  Shape  of  Heart.— The 
experiments  of  Ludwig  and  Hesse  on  the 
heart  of  the  dog  show  that  the  shape  of  the 
ventricles  varies  remarkably  in  systole  and 
diastole,  and  that  the  shape  of  the  heart  as 
found  post-mortem  is  not  its  natural  shape. 
Broadly  speaking,  the  ventricles  during 
systole  become  tense  and  resisting  and  they 
are  smaller  than  during  diastole,  the  difTer- 
cnce  being  equal  to  the  amount  of  blood 
expelled  at  systole.  As  regards  form,  they 
change  from  a  somewhat  hemispherical 
figure  with  an  irregular  elliptical  base,  and 
assume  a  more  regular  cone-like  form  with 
a  circular  base,  so  that  the  transverse  diame- 
ter is  diminished,  the  antero-posterior 
diameter  increased.] 

[Method. — Bleed  a  dog  rapidly  from  (he  carotids, 
dcnbtinue  tlie  blood,  expose  the  heart,  tie  graduared 
straight  tubes  ialo  the  pulmonary  artery  and  aorta, 
and  ligature  the  auricular  veswls.  Pour  the  blood 
into  the  heart  until  it  is  dilated  uttder  a  preiEiue 
equal  lothe  mean  arterial  preuure  (150  mm.).  The 
ventriclM  arc  in  the  diattolic  phaie,  (he  auricles  Hill 
pulsate.  A  plaster  cast  i«  now  rapidly  made  of  the 
ventricles.  This  represents  [be  diastolic  phase.  To 
obtain  what  may  be  regarded  as  the  lyilolic  phase, 
a  heart,  similarly  prepated  but  emptied  of  blood,  is 
suddenly  plunged  into  a  hot  (50°  C.)  saturated  solu- 
tion of  polasNC  bichromate,  when  (he  heart  gives  one 
rapid  and  liaal  coalractioo  and  remains  permanently 
rig.  jo.  contracted  owing  to  the  heat-rigor,  its  prutdds  being 

J,  Cardicgram  of  (he  Bpex-bea(  (dog) ;  coagulated  {i  395).  This  is  the  s;ystolic  phase. 
.^.intra-venlnculii' pressure  taken  simul-  Li([le  pint  with  twitted  points  are  previously  inserted 
taneously.  The  corresponding  parts  of  in  the  organ  to  mark  certain  parts  of  both  hearts  for 
the  two  curves  are  indicated  by  leuers.       cranpaiiioa.] 

[In  diastole,  the  shape  of  the  ventricle  is  hemispheroidal,  the  apex  being 
rounded,  while  the  posterior  surface  is  flatter  than  the  anterior  (fig.  51,  A). 
In  the  plane  of  the  ventricular  base,  the  greatest  diameter  is  from  right  to  left, 
and  the  shortest  from  base  to  apex.  The  conus  arteriosus  is  above  the  plane  of 
the  base.     During  systole  the  apex  is  more  pointed,  the  ventricle  more 
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conical,  while  all  the  diameters  in  the  plane  of  the. base  are  equally  diminished, 
hence  the  vertical  measurement  from  base  to  apex  is  longer  now  than  either  of 
the  diameters  at  the  base  (fig.  51,  C).  The  conus  arteriosus  sinks  towards  the 
plane  of  the  base,  while  the  base  of  the  ventricle  becomes  more  circular,  so 
that  the  difference  of  the  curvatures  of  the  anterior  and  posterior  surfaces 
vanishes  (fig.  51,  B).  In  all  these  figures  the  shaded  part  represents  diastole  and 
the  clear  part  systole.  The  most  remarkable  point  is  that  the  vertical  measure- 
ment remains  unchanged.  This  refers  to  the  left  ventricle,  which  of  course  fornns 
the  apex ;  the  right  is  shortened.  The  plane  of  the  ventricular  base  in  systole  is 
about  one-half  of  what  it  is  in  diastole,  as  is  shown  in  fig.  52,     Thus  the  heart 


Rg.  51. 


snrhce;  C,  left  Isterat  surbce. 
the  arterial  orifices  are  scarcely 


A,  Projection  of  >  dog's  heiit — pouerior 
is  diminished  in  all  its  diameters  except 

affected,  while  the  area  of  the  aurictilo-ventricular  orifices  (M,  T)  is  diminished 
about  one-half  (fig.  53).  This  is  most  important  in  connection  with  the 
closure  of  the  auriculo- ventricular  valves ;  as  it  shows  that  the  muscular  fibres 
of  the  heart,  by  diminishing  these  orifices  during  systole,  greatly  aid  in  the 
perfect  closure  of  these  valves.  Thus  we  explain  why  defective  nutrition  of  the 
cardiac  muscle  may  give  rise  to  incompetency  of  these  valves,  without  the 
valves  themselves  being  diseased 
{^Mat:alister).'\ 

[In    order  to   account  for    the 
vertical   diameter  remaining   1 
changed,  we  may    represent  the  I 
ventricular  fibres  as  consisting  of  I 
three  layers,    viz.,  an  inner  and 
outer  set,  more  or  less  longitudinal, 
and  a  middle  set,  circular.     Both 
sets  will  tend,  when  they  contract, 
to  diminish  the  cavity,  but  the  „   .    . 
shortening    of    the    longitudii^I  '^j^ToJrJdfa^aSRV. 
layers  is  compensated  for  by  the     4,^^^  and  LV,  Ufl  ven- 
contraction,  i.e.,   the   elongation      iricle. 
produced  by  the  circular  set.] 

[Id  order  \a  obtain  the  shape  of  the  cavities,  dogi  were  uken  of  the  same  litter  and  as 
nearly  alike  u  possible.  One  heart  was  dlled  wtlh  blooa,  as  already  described,  and  placed  in  a 
cool  solution  of  poUasic  bicbroniate,  whereby  it  was  slowly  hardened  in  (he  diastolic  fonn,  while 
the  other  was  plunged  as  before  into  a  bot  aolution.     Casts  were  then  made  of  the  caiitiea.] 

51.  THE  TIME  OF  THE  CARDIAC  MOVEMENTS.— Methoda.— The  lime 
occupied  by  the  varioos  pkaas  of  the  movtmcnts  of  the  heart  may  be  determined  by  studying 
the  apex 'beat  curre. 

(i)  If  we  know  at  whit  rate  the  plate  on  which  the  curve  was  obtained  moved  daring  the  «i. 
periment,  of  coarse  all  that  It  Decessary  is  lo  measure  the  distance,  and  so  calculate  the  lime 
occupied  by  any  event  (see  Pulse,  J  67). 

(j)  II  is  preferable,  however,  to  cause  a  tuning-fork,  whose  rate  of  vibration  is  known,  lo  write 


I^'B   5*- 


Fie-  53- 
A, aorta;  FA, pulmonary 

anei7;  M,  mitral,  and 
T  tricuspid  orilice. 
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iU  vibrations  under  ihe  curve  of  ihe  apex-beat  (fig.  49,  2),  or  the  curve  may  be  written  upon  a 
plate  attached  to  a  vibrating  tuning-fork  (fig.  47,  D,  E),  Such  a  curve  containl  fine  teeth  caused 
by  the  vibrations  of  the  tuning' tbrli.  D  and  E  are  curves  obtained  Trom  the  cardiac  impnlte  in 
this  way  from  healthy  students.  In  I)  the  notch  1/  is  not  indicated.  Each  complete  vibration  oi 
the  tuning-fork,  reckoned  from  apex  to  apex  of  ihe  teeth  :=o.ol6t3  secvnd.  10  that  it  is  simply 
necessary  to  count  the  number  of  teeth  and  multiply  to  obtain  the  time.  The  values  obtained 
vary  within  ceitain  limits  even  in  health. 

The  value  of  a  3  —  pause  -f  contraction  of  the  auricles,  is  subject  to  the 
greatest  variation,  and  depends  chiefly  upon  the  number  of  heart-beats  per 
minute.  The  more  tjuickly  the  heart  beats,  the  shorter  is  the  pause,  anij  con- 
versely. In  some  curves,  even  when  the  heart  beats  slowly,  it  is  scarcely  pos- 
sible to  distinguish  the  auricular  contraction  (indicated  by  a  rise)  from  the  part 
of  the  curve  corresponding  to  the  patise  (indicated  by  a  horizontal  line).  In 
one  case  (heart-beats  55  per  minute)  the  pause  ^  o.  4  second,  the  auricular  con- 
traction =0.177  second.  In  fig.  47,  A,  the  time  occupied  by  the  pause-)-  the 
auricular  contraction  (74  beats  per  minute^^^o.s  second.  In  D,  a3=  19  to 
20  vibrations ::=  o. 32  second  ;  in  E  ^^  26  vibrations^:^o.4»  second. 

The  ventricular  systole  is  calculated  from  the  beginning  of  the  contiac- 
tion  i,  to  e,  when  the  semi-lunar  valves  are  closed ;  it  lasts  from  the  first  to  the 
second  sound.  It  also  varies  somewhat,  but  is  more  constant.  When  the 
heart  beats  rapidly,  it  is  somewhat  shorter — during  stow  action  longer. 
In  E  =  o.3»  second;  in  0  =  0.39  second  ;  "i^h  55  beats  per  minute  Landois 
found  it=::o.34,  with  a  very  high  rate  of  beating  ^0.199  second. 


Fig.  54. 

Curves  recorded  by  the  ventricle  of  a  rabbit  upon  a  yibrating  plate  attached  to  a  tuning-fork 

(vibration  ^^ 0.01613  )cc.).     A,  soon  after  death;  B,  from  the  dying  ventricle. 

When  the  ventricles  beat  feebly,  they  contract  more  slowly,  as  can  be  shown  by  applying  the 
reeistcring  apparatus  to  the  heart  of  an  animal  just  killed.  In  fig.  54,  from  the  Tentric1«  of  • 
rabbit  just  killed,  the  slow  bcart-beais,  B,  are  seen  to  last  longest.  In  caies  of  enormous 
hypertrophy  and  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  systole  is  not 
longer  than  normal  (Landoii). 

In  calculating  the  time  occupied  by  the  ventricular  systole  we  must  remember — (1)  7?f  lime 
biheien  the  two  sounds  of  the  heart,  i.  /.,  firom  the  beginning  of  the  first  to  the  end  of  the  second 
sound  {t  to  e).  (2)  The  lime  Iht  bleed  jhto]  into  Ike  aorta,  which  comes  to  an  end  at  the 
depression  between  c  and  li  (in  fig.  47,  E).  Its  commencement,  however,  does  not  coincide  with 
6,  as  the  aortic  valves  open  0.0S5  to  a.073  second  after  the  beginning  of  the  ventricular  systole. 
Hence  the  aortic  current  la<ts  o.oS  to  0,09  second.  This  is  calculated  in  the  following  way  : 
The  time  between  the  first  sound  of  the  heart  and  the  pulse  in  the  axiltaiy  artery  is  0.137 
second,  and  of  this  time  0.052  second  is  occupied  in  the  propagation  of  the  pulse-wave  aloi^  the 
30  cm.  of  artery  lying  between  the  root  of  the  aorta  and  the  axilla.  Thus  the  pulse-wave  in 
the  aorta  occurs  0.137  minus  0.052^=0.085  second  aller  the  beginning  of  ihe  first  sound.  Tbe 
current  in  the  pulmonary  artery  is  interrupted  in  the  depression  between  d  and  *.  (3)  Lastly, 
the  time  oeeupied  by   Ihe  muscular  conlraclion  of  Ike  ventricle,  which  b^ins  at  b,  reaches  its 

eeatest  extent  at  i,  and  is  completely  relaxed  at  /  The  apex  of  the  curve,  c,  may  be  higher  or 
wer  according  to  the  Reiibility  of  the  intercostal  space,  hence  the  position  of  f  varies.  In 
hypertrophy  with  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  contraction  does 
not  greatly  exceed  the  normal. 

The  lime  which  elapses  between  ^and  e — /.  e.,  between  the  complete  closure 
of  the  aortic  and  pulmonary  valves — is  greater  the  more  the  pressure  in   the 
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aorta  exceeds  that  in  the  puhnonary  artery,  as  (he  valves  are  closed  by  the  pres- 
sure from  above,  and  the  difference  in  time  may  be  0.05  second,  or  even  double 
that  time,  in  which  case  the  second  sound  appears  double  (compare  §  54).  If 
the  aortic  pressure  diminishes  while  that  in  the  pulmonary  artery  rises,  </and  e 
may  be  so  near  each  other  that  they  are  no  longer  marked  as  distinct  elements 
in  the  curve. 

The  time,  ef,  during  which  the  ventricles  relax  varies  somewhat :  o.  i  second 
may  be  taken  as  a  mean. 

Accelerated  Cardiac  Action. — When  the  sdion  of  the  heart  is  greatly  accelerated,  the  pause 
is  considenblj  shortened  icthe  first  instance  (Dotidirs),  and  lo  b  less  exteDt  the  tiqic  of  con- 
InctioD  of  the  sariclcs  and  ventricles.  When  the  pulse  rsie  is  very  rapid,  the  systole  of  the 
atria  coincides  with  the  closure  of  the  ailerial  valves  of  the  preceding  contraction,  11  is  shown 
in  fig.  47,  C.  (dog). 

In  registcricg  the  cirdiac  impulse,  the  apparatus  is  separated  by  a  greater  or  leu  depth  of 
soft  parts  from  the  heart  itself,  so  that  in  all  cases  the  inietcostal  tiisaa  do  not  follow  exactly 
the  movemeats  of  the  heart,  and  thus  the  curve  oblaiaed  may  oot  coincide  mathenutically  with 
the  movemcnti  of  the  heart.  It  is  desirable  that  curves  be  obtained  from  penoni  whose  beans 
aie  eiposed,  1.^.,  in  cases  of  ectopia  cordis  (Hg.  49,  i). 

Cleft  Sternum. — GIbion  inscribed  cardiograms  from  the  heart  of  a  man  with  cleft  itemum. 
The  following  were  the  results  obtained:  Auricular  contraction  ^  0.115 ;  ventricular  conliac- 
lioo  (A,  ^)^o,038i  dUferencc  between  closure  of  valves  (>/,;) ^  0.09;  ventricular  diastole 
(/./)  =  o.  1 1 ;  paose  =  0.4S  second  (J  48). 


Fig-  S5. 
A.  Marey's  regittering  lainliour.     7,  metallic  capsule,  with  thin  india-rubber  stretched  over  it  and 
bearing  an  aluminium  disc,  which  acts  Dpon  the  writing  lever,  H.     By  means  of  a  ihicli- 
walled  caoulcbooc  tube,  it  may  be  connected  with  any  system  containing  air,  so  as  to  record 
vwiatians  of  pressure.     B.  Naluralsiie  of  the  tambour,  T. 

Endocardial  Pressure. — In  large  mammals,  such  as  the  horse,  Chauveau 
and  Marey  (1861)  determined  the  duration  of  the  events  that  occur  within  the 
heart,  and  also  the  endocardial  pressure,  by  means  of  a  cardiac  sound  (fig. 
56).  Small  elastic  bags  attached  Co  tubes  were  introduced  through  the  jugular 
vein  into  the  right  auricle  and  ventricle.  Each  of  these  tubes  was  connected 
with  a  registering  tambour  (fig.  55),  and  simultaneous  tracings  of  the  variations 
of  pressure  within  the  cavities  of  the  heart  were  obtained  by  causing  the  writing- 
p)oints  of  the  levers  of  the  tambours  to  write  upon  a  revolving  cylinder.  [This 
method  is  better  adapted  for  showing  the  sequence  of  events  than  for  measuring 
the  actual  endocardial  pressure  during  the  several  phases  of  a  cardiac  cycle.] 

[Harey's  Cardiac  Sound.—- The  sound  (lig.  56.  upper  fig.)  whs  introduced  through  the 
jugular  vein  into  the  heart  until  the  elastic  ampulla  V,  covered  with  thin  india-rubber,  came  to 
be  in  the  right  ventricle,  and  O  in  the  right  auricle.  The  middle  figure  shows  a  section  of  Ihe 
upper  one,  and  how  the  ampulla  V  was  connected  to  a  tambour  by  means  of  the  lube  TV,  and 
the  bill  O  to  another  similar  tambour  by  the  tutie  TO.] 
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Fig.  57,  A,  gives  the  result  obtained  when  one  elastic  bag  was  placed  in  the  right  auricle, 
being  introduced  through  the  jugular  vem  and  superior  vena  cava;  B,  when  the  other  bag 
pushed  through  the  tricuspid  orifice  was  in  the  right  ventricle ;  D,  in  the  root  of  the  aorta,  pushed 
in  through  the  carotid ;  C,  pushed  past  the  semi-lunar  valves  into  the  left  ventricle ;  while  at 
E  a  similar  bag  has  been  placed  externally  between  the  heart's  apex  and  the  inner  wall  of  the 
chest.  In  all  cases  v  =.  auricular  contraction ;  V,  that  of  the  ventricle ;  x,  closure  of  semi-lunar 
valves,  sooner  in  C  than  B ;  P  =  pause. 

Methods. — (i)  The  cardiac  sound  consists  of  a  tube  containing  two  separate  air-passages, 
and  in  connection  with  each  of  these  there  is  a  small  elastic  bag  or  ampulla.  One  of  the  bags  is 
fixed  to  the  free  end  of  the  sound,  and  communicates  with  one  of  the  air-passages  (Bg.  56).  The 
other  bag  is  placed  in  connection  with  the  second  air-passage  in  the  sound,  and  at  such  a  distance 
that  when  the  former  bag  lies  within  the  ventricle,  the  latter  is  in  the  auricle.  Each  bag  and 
air  tube  cdmmunicating  with  it  is  connected  with  a  Marey's  tambour  (fig.  55),  provided  with  a 
lever  which  inscribes  its  movements  upon  a  revolving  cylinder.  Any  variation  of  pressure  within 
the  auricle  or  ventricle  will  affect  the  •elastic  ampullae,  and  thus  raise  or  depress  the  lever.  Care 
must  be  taken  that  the  writing  points  of  the  levers  are  placed  exactly  above  each  other.  A  trac- 
ing of  the  cardiac  impulse  is  taken  simultaneously  by  means  of  a  cardiograph  attached  to  a 
separate  tambour. 

It  has  still  to  be  determined  whether  the  auricles  and  ventricles  act  alternately, 
so  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the 


Fig.  56. 

The  upper  and  middle  diagrams  represent  Marey*s  sound,  the  middle  figure  showing  a  section  of 
the  upper  one.  The  lowest  [a)  is  a  simple  cardiac  sound.  The  bulbous  portion  is  covered 
with  tnin  india-rubber  stretched  over  an  open  metallic  framework  so  as  to  form  an  elastic 
bag  or  ampulla.     By  means  of  the  tube  {g)  it  can  be  introduced  into  cavity. 

auricles  relax,  or  whether  the  ventricles  are  contracted  while  the  auricles  still 
remain  slightly  contracted,  so  that  the  whole  heart  is  contracted  for  a  short 
time  at  least.  The  latter  view  was  supported  by  Harvey,  Bonders,  and  others, 
while  Haller  and  many  of  the  more  recent  observers  support  the  view  that  the 
action  of  the  auricles  and  ventricles  alternates.  In  the  case  of  Frau  Seraiin, 
whose  heart  was  exposed,  v.  Ziemssen  obtained  curves  from  the  auricles,  which 
showed  that  the  contraction  of  the  auricles  continued  even  after  the  commence- 
ment of  the  ventricular  systole.  In  Marey's  curve  the  contraction  of  the  ven- 
tricle is  represented  as  following  that  of  the  auricle  (fig.  57). 

(2)  [The  pressure  within  the  heart  has  also  been  measured  by  means  of  the 
maximum  and  minimum  manometer  (p.  69).  In  the  dog  the  maximum 
positive  pressure  in  the  left  ventricle  is  during  systole  greater  than  that  in  the 
aorta,  and  may  reach  140  mm.  Hg — that  in  the  right  ventricle  60  mm.,  and  the 
right  auricle  about  20  mm.  Hg.  The  minimum  manometer,  however,  during 
the  diastole  of  the  ventricles  records  a  negative  pressure  of  -52  to  -20  mm. 
Hg  in  the  left  and  -16  mm.  in  the  right  ventricle,  and  -7  mm.  in  the  right 
auricle. 


Sec.  51.] 


ENDOCARDIAL   PRESSURE. 


81 


Even  after  the  chest  is  opened,  the  negative  pressure  in  the  left  ventricle  may 
fall  as  low  as -25  ram.  Hg.J 

[(3)  Method  of  Rolleston  and  Roy. — These  observers  used  a  special  apparatus  which  was 
connected  with  the  interior  of  the  heart,  and  they  find  that  there  is  no  distinct  rise  of  pressure  in 
the  dog  within  the  ventricles  corresponding  to  the  auricular  s3rstole  such  as  was  obtained  by 
Marey  in  the  horse.  During  the  ventricular  diastole  in  certain  cases  the  pressure  falls  below  the 
atmospheric  pressure  and  may  be  equal  to  -20  mm.  mercury  or  more  in  the  left  ventricle  ({  48). 
It  is  probably  caused  by  the  elastic  expansion  of  the  ventricle  continuing  after  the  blood  in  the 
auricle  at  the  moment  of  the  cessation  of  the  ventricular  systole  has  entered  the  ventricle — i .  ^., 


■  ~  Right  Auricle. 


Right  Ventricle, 


--  Left  Ventricle. 


-.  Aorta. 


-  Cardiac  Impulse 


Fig.  57. 
Curves  obtained  from  the  heart  of  a  horse  by  the  cardiac  sound. 

the  quantity  of  blood  in  the  auricle  is  not  sufficient  in  all  cases  to  distend  the  left  ventricle  to  the 
point  at  which  its  suction  action  ceases.  Magini,  operating  on  dogs  with  a  trocar  which  per- 
forated the  cavities  of  the  heart,  found  none  of  the  secondary  elevations  obtained  by  Marey  with 
his  sound.     There  is  considerable  difficulty  in  interpreting  the  curves  obtained  (fig.  50,  B).] 

A.  Fick  regards  the  alternating  contraction  as  a  means  whereby  the  pressure  in  the  large 
venous  trunks  is  kept  nearly  constant.  At  the  moment  of  ventricular  systole  the  auricles 
reUx,  and  the  venous  blood  flows  freely  into  the  latter,  while  if  the  auricles  remained  contracted, 
the  blood  in  the  veins  would  be  kept  back.  Further,  at  the  moment  of  ventricular  diastole 
the  auricles  contract,  so  that  there  is  not  an  abnormal  diminution  of  the  pressure  in  the  veins. 
Thus  the  pressure  in  the  auricle  is  more  equable,  while  the  current  in  the  terminal  parts  of  the 
veins  is  kept  more  constant. 
6 
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5a.  PATHOLOGICAL  CARDIAC  IMPULSES.—Change  in  the  Position  of  the 
Apex-Beat. — The  position  of  the  cardiac  impulse  is  changed — (i)  by  the  accumulation  of 
6uids  (serum,  pus,  blood)  or  gas  in  one  pleural  cavity.  A  copious  efmsion  into  the  left  pleural 
cavity  compresses  the  lung,  and  may  displace  the  heart  towards  the  right  side,  while  eflusion  on 
the  right  side  may  push  the  heart  more  to  the  left.  As  the  right  heart  must  make  a  greater  eflfoit 
to  propel  the  blood  through  the  compressed  lung,  the  cardiac  impulse  is  usually  increased. 
Advanced  emphysema  of  the  lung,  causing  the  diaphragm  to  be  pressed  downwards,  displaces 
the  heart  downwards  and  inwards,  while  pushing  and  pulling  up  of  the  diaphragm  (by  con- 
traction of  the  lung,  or  through  pressure  from  below)  causes  the  apex-beat  to  be  displaced 
upwards,  and  also  slightly  to  the  left.  Thickening  of  the  muscular  walls  with  dilatation  of  the 
cavities  of  the  left  ventricle  makes  that  ventricle  longer  and  broader,  while  the  increased  cardiac 
impulse  may  be  felt  in  the  axillary  line  in  the  sixth,  seventh,  or  even  eighth  intercostal 
space  to  the  left  of  the  mammary  line.  Hypertrophy,  with  dilatation  of  the  right  side, 
increases  the  breadth  of  the  heart,  so  that  the  cardiac  impulse  is  felt  more  to  the  right,  even 
to  the  right  of  the  sternum.  In  the  rare  cases  where  the  heart  is  transposed,  the  apex- 
beat  is  felt  on  the  right  side.  When  the  cardiac  impulse  goes  to  the  left  of  the  left  maounary 
line,  or  to  the  right  of  the  parasternal  line,  the  heart  is  increased  in  breadth,  and  there  is 
hypertrophy  of  the  heart.  A  greatly  increased  cardiac  impulse  may  extend  to  several  inter- 
costal spaces. 

The  cardiac  impulse  is  abnormally  weakened  in  cases  of  atrophy  and  degeneration  of  the 
cardiac  muscle,  or  by  weakening  of  the  innervation  of  the  cardiac  ganglia^  It  is  also  weakened 
when  the  heart  is  separated  from  the  chest- wall  owing  to  the  collection  of  fluids  or  air  in  the 
pericardium,  or  by  a  greatly  distended  left  lung;  and,  indeed,  when  the  left  side  of  the  chest  is 
filled  with  fluid,  the  cardiac  impulse  may  be  extinguished.  The  same  occurs  when  the  left  ven- 
tricle is  very  imperfectly  filled  during  its  contraction  (in  consequence  of  marked  narrowing  of 
the  mitral  orifice),  or  when  it  can  only  empty  itself  very  slowly  and  gradually  as  daring  marked 
narrowing  of  the  aortic  orifice. 

An  increase  of  the  cardiac  impulse  occurs  during  hypertrophy  of  the  walls,  as  well  as  under 
the  influence  of  various  stimuli  (psychical,  inflammatory,  febrile,  toxic)  which  affect  the  cardiac 
ganglia.  Great  hypertrophy  of  the  left  ventricle  catises  the  heart  to  Aeave,  so  that  a  part  of  the 
left  chest-wall  may  be  raised  and  also  vibrate  during  systole. 

A  pulling  in  of  the  anterior  wall  of  the  chest  during  the  cardiac  systole  occurs  in  the  third 
and  fourth  interspaces,  not  unfrequently  under  normaJ  circumstances,  sometimes  during  in-^ 
creased  cardiac  action,  and  in  eccentric  hypertrophy  of  the  ventricles.  As  the  heart's  apex  is 
slightly  displaced,  and  the  ventricle  becomes  slightly  smaller  during  its  systole,  the  empty- 
space  b  filled  by  the  yielding  soft  parts  of  the  intercostal  space.  When  the  heart  is  united 
with  the  pericardium  and  the  surrounding  connective-tissue,  which  renders  systolic  locomotion 
of  the  heart  impossible,  retraction  of  the  chest-wall  during  systole  takes  the  place  of  the 
cardiac  impulse  (SJkoda).  During  the  diastole,  a  diastolic  cardiac  impulse  of  the  corresponding 
part  of  the  chest- wall  may  be  said  to  occur. 

Clinically,  changes  in  the  cardiac  impulse  are  best  ascertained  by  taking  graphic  represenu- 
tions  of  the  cardiac  impulse,  and  studying  the  curves  so  obtained  (fig.  58). 

In  curve  P  (much  reduced),  from  a  case  of  marked  hypertrophy  with  dilatation,  the  ven- 
tricular contraction,  dc,  is  usually  very  great,  while  the  time  occupied  by  the  contraction  is  not 
much  increased.  P  and  Q  were  obtained  from  a  case  of  marked  eccentric  hypertrophy  of  the 
left  ventricle,  due  to  insufficiency  of  the  aortic  valves.  Curve  Q  was  taken  intentionally  over 
the  auriculo-ventricular  groove,  where  retraction  of  the  chest- wall  occurred  during  systole; 
nevertheless  the  individual  events  occurring  in  the  heart  are  indicated. 

Fig.  £  is  firom  a  case  of  aortic  stenosis.  The  auricular  contraction  {a6)  lasts  only  a  short 
time ;  the  ventricular  systole  is  obviously  lengthened,  and  after  a  short  elevation  (dc)  shows  a 
series  of  fine  indentations  {c,  g)  caused  by  the  blood  being  pressed  through  the  narrowed  and 
roughened  aorta. 

Fig.  F,  from  a  case  of  insufficiency  of  the  mitral  valve,  shows  (ad)  well  marked  on 
account  of  the  increased  activity  of  the  left  auricle,  while  the  shock  (d)  from  the  closure  of  the 
aortic  valves  is  small,  on  account  of  the  diminished  arterial  tension.  On  the  other  hand,  the 
shock  from  the  accentuated  pulmonary  sound  (g)  is  very  great,  and  is  in  the  apex  of  the  curve. 
On  account  of  the  great  tension  in  the  pulmonary  artery,  the  second  pulmonary  tone  may  be  so 
strong,  and  succeed  the  second  aortic  sound  (</)  so  rapidly,  that  both  almost  mei^e  completely 
into  each  other  (H  and  K). 

The  curve  of  stenosis  of  the  mitral  orifice  (G)  shows  a  long,  irregular,  notched,  auricular 
contraction  (ad),  caused  by  the  blood  being  forced  through  an  irregular  narrow  orifice.  The  ven- 
tricular contraction  (dc)  is  feeble  because  the  ventricle  is  imperfectly  filled.  The  closures  of  the 
two  valves,  ^  and  ^,  are  relatively  far  apart,  and  one  can  hear  distinctly  a  reduplicated  second 
sound.     The  aortic  valves  close  rapidly,  because  the  aorta  is  imperfectly  supplied  with  blood. 
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while  tbe   mat  copiow  inSow  of  blood  inio  ihe  pulmonary  uttrj  causes  its  valves  to  close 

If  the  heart  beats  rapidly  and  feebly — if  Ihe  btood-pressure  in  the  aorta  Bad  pulmonary 
aitety  be  low,  th«  signs  of  closnie  of  the  pulmonary  waives  may  be  absent — as  in  curve  L — 
liken  from  a  girl  suffering  from  nervous  palpitation  and  tnorbus  Baaedowii. 

Id  very  rare  cases  of  insufficiency  of  the  tnitrat  valve,  il  has  been  observed  that  at  certain 
times  both  ventricles  contract  simullaneously.  as  in  a  normal  heart,  but  that  this  alternates 
KSh  a  condition  where  the  right  ventricle  alone  seems  to  coiHracl.  Carve  M  is  such  a  curve 
cttiined  by  Malbranc,  who  called  this  condition  intermittent  hem i systole.     The  first  curve 
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Curves  of  the  cardiac  impulse,     ai,  contraclinn  of  auricles    ic  Tenlticulw  syjtole;  d,  closare 

of  aortic,  and  f,  of  pulmonary  valves;   r/  liaslolc  of  ventricle;   F,  Q,  hypertr«>hy  and 

dilatation  of  tbe  left  veDtricle;    E,  stenosis  of  the  aortic  onlice;    F,  mitral  insufficiency; 

G,  mitral  stenosis;  L,  nervoDS  palpitation        Mbh^.h  s  Jisease;  M,  so-called  hemiiyslole. 


I)  is  like  a  hotiubI  curve,  during  which  tbe  whole  heart  acted  as  usual.  The  curve  II,  how- 
ever, is  catiscd  by  the  right  side  of  the  heart  alone ;  it  wants  the  closure  of  the  aortic  valves  J, 
and  there  was  no  pulse  in  the  arteries.  Owing  to  insufficiency  of  the  trictispid  valve,  the  same 
pemn  bad  a  vcncus  pulse  with  every  cardiac  impulse,  so  that  the  arterial  and  venous  pulses 
&it  occorred  Ic^elber  and  then  tbe  venous  pulse  alone  occurred.  In  these  cases  the  mitral 
ttrnfficicDcy  leads  to  the  right  ventricle  being  over- distended,  while  the  left  is  nearly  empty,  so 
that  Ibe  right  side  requires  to  contract  more  energetically  ibaii  the  left.  It  does  not  seem  that 
tbe  right  ventricle  alone  contracts  in  these  cases,  but  rather  thai  the  action  of  the  left  side  is 
veiy  feeble. 
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53.    THE    HEART-SOUNDS.— On    listening 
over  the  region  of  the  heart  id  a  healthy  man,  either 
with  the  ear  applied  directly  to  the  chest-wall  [Harvey), 
or  by  means  of  a  stethoscope  {Laennec,  1819),  we  hear 
I  two    characteristic    sounds,    the    so-called    "  heart- 

I  sounds."      The  two  sounds  arc  called   fii^t  and 

second,  and  together  they  correspond  to  a  single  cardiac 
cycle.  These  sounds  ate  separated  by  silences.  [Fig. 
59  shows  the  relation  of  the  events  occurring  in  the 
heart  during  a  cardiac  cycle  to  the  sounds  and  silences.] 
'^'"i-  S9-  I.  The  first  sound. 

Scheme  of  a  cardJM  cycLe.  j.  The  first  or  short  silence. 

SVX.""^.rb  3-  The  second  sound., 

the     heart,    and     the  4-  The  second  OT  long  silence, 

outer,  ibe    rdMion    of      [Relative  Duration. — There  is  no  absolute  dura- 
lo'^h^^e^venu'^  ^>o>ce»  tion  of  each  phase  of  a  cardiac  cycle,  but  we  may  Uke 
eseeven  .  ^^    average    relative    duration    calculated    from    the 

measurements  of  Gibson,  in  a  case  of  fissure  of  the  sternum,  to  be  as  follows: — 


Auricular  systole tl2  se 

Venlricular  systole 368    ' 

Venlriculw  diastole, 57^   ' 


Cardiac  cycle. 


Suppose  we  divide  the  cycle  into  tenths  {Walshe),  then  the  first  sound  will 
last  ^,  the  first  silence  ^,  the  second  sound  ^,  and  the  long  silence  ^  of  the 
entire  period.] 

The  first  sound  [long  or  systolic]  is  twice  as  long  as,  somewhat  duller,  and 
one-third  or  one-fourth  deeper,  than  the  second  sound;  it  is  less  sharply 
defined  at  first,  and  is  synchronous  with  the  systole  of  the  ventricles. 

The  second  sound  [short  or  diastolic]  is  clearer,  sharper,  shorter,  more 
sudden,  and  is  one-third  to  one-fourth  higher  in  pitch;  it  is  sharply  defined 
and  synchronous  with  the  closure  of  the  semi-lunar  valves.  It  marks  the  begin- 
ning of  ventricular  diastole.  The  sounds  emitted  during  each  cardiac  cycle 
have  been  compared  to  the  pronunciation  of  the  syllables  l&bb,  dttpp.  [If  one 
listens  over  the  apex  one  hears  the  sounds  like  l&pp,  dupp ;  where  the  accent  is 
on  the  first  sound,  but  at  the  base,  it  is  on  the  second  sound,  and  is  like  lupp, 
"'t.'\    Or  the  result  may  be  expressed  thus: — 


[It  is  to  be  remembered  that  in  reality/mr  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  and  the  two  second,  so  that  only  a  single 
first  and  a  single  second  sound  are  heard.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound 
is  heard,  although  enfeebled,  in  an  excised  heart  in  which  the  movements  of 
the  valves  are  arrested,  and  also  when  the  finger  is  introduced  into  the  auriculo- 
ventricular  orifices  so  as  to  prevent  the  closure  of  the  valves  [C  Luiiwig  and 
Dogiel),  one  of  the  factors  lies  in  the  "  muscle  sound"  produced  by  the  con- 
tracting muscular  fibres  of  the  ventricles.  This  sound  is  supported  and  increased 
by  the  sound  produced  by  the  tension  and  vibration  of  the  auriculo- ventricular 
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valves  and  their  chordae  tendineae,  at  the  moment  of  the  ventricular  systole. 
Wintrich,  by  means  of  proper  resonators,  has  analyzed  the  first  sound  and  dis- 
tinguished the  clear,  short,  valvular  part  from  the  deep,  long,  muscular  sound. 

[Krehl  has  made  additional  experiments  to  show  that  the  first  sound  is  partly  muscular.  An 
apparatus  was  devised  whereby,  while  the  heart  was  still  within  the  body  and  the  circulation 
going  on,  modifications  of  the  first  sound  were  obtained  when  the  auriculo* ventricular  valves  were 
held  apart.  Again,  when  a  dog  is  bled  from  the  carotids,  as  soon  as  a  considerable  amount  of 
blood  is  removed,  the  second  sound  is  no  longer  heard,  while  the  first  sound  lasts  for  some  time 
longer  and  is  even  fairly  loud.  It  is  also  said  that  the  auricles  produce  a  sound  during  their 
contraction.  Kasem-Beck  has  also  recently  confirmed  DogieVs  previous  statements  and  sup- 
ported them  by  new  experiments.] 

The  muscle -sound  produced  by  transversely -striped  muscle  does  not  occur  with  a  simple  con- 
traction (p.  loi),  but  only  when  several  contractions  are  superposed  to  produce  tetanus  (J  303). 
The  ventricular  contraction  b  only  a  simple  contraction,  but  it  lasts  considerably  longer  than 
the  contraction  of  other  muscles,  and  herein  lies  the  cause  of  the  occurrence  of  the  muscle-sound 
during  the  ventricular  contraction. 

Defective  Heart-Sounds. — In  certain  conditions  (typhus,  fatty  degeneration  of  the  heart), 
where  the  muscular  substance  of  the  heart  is  much  wes^ened,  the  first  sound  may  be  completely 
inaudible.  In  aortic  insufficiency,  in  consequence  of  the  reflux  of  blood  from  the  aorta  into  the 
ventricle,  the  mitral  valve  is  gradually  stretched,  and  sometimes  even  before  the  beginning  of  the 
ventricular  systole,  the  first  sound  may  be  absent.  Such  pathological  conditions  seem  to  show 
that,  for  the  production  of  the  first  sound,  muscle-sound  and  valve-sound  must  eventually  work 
together,  and  that  the  tone  is  altered,  or  may  even  disappear,  when  one  of  these  causes  is  absent. 
[Yeo  and  Barrett  state  that  the  sound  is  purely  muscular  (?).] 

The  cause  of  the  second  sound  is  undoubtedly  due  to  the  prompt 
closure,  and  therefore  sudden  stretching  or  tension,  of  the  semi-lunar  valves  of 
the  aorta  and  pulmonary  artery,  so  that  it  is  purely  a  valvular  sound.  Perhaps 
it  is  augmented  by  the  sudden  vibration  of  the  fluid-particles  in  the  large  arterial 
trunks.  [The  second  sound  has  all  the  characters  of  a  valvular  sound.  That 
the  aortic  valves  are  concerned  in  its  production  was  proved  by  Hope,  who 
introduced  a  curved  wire  through  the  left  carotid  artery  and  hooked  up  one  or 
more  segments  of  the  valve,  when  the  sound  was  modified.  It  may  even  dis- 
appear or  be  replaced  by  an  abnormal  sound  or  **  murmur.'*  Again,  when 
these  valves  are  diseased,  the  sound  is  altered^ ^d  it  may  be  accompanied  or 
even  dbplaced  by  murmurs.]  Although  the  aortic  and  pulmonary  valves  do 
not  close  simultaneously,  usually  the  difierence  in  time  is  so  small  that  both 
valves  make  one  sound,  but  the  second  sound  may  be  double  or  divided  when, 
through  increase  of  the  difierence  of  pressure  in  the  aorta  and  pulmonary  artery, 
the  interval  becomes  longer.  Even  in  health  this  may  be  the  case,  as  occurs  at 
the  end  of  inspiration  or  the  beginning  of  expiration  {v,  Dusch). 

Where  the  Sounds  are  Heard  Loudest. — [Clinicians,  for  convenience, 
in  describing  the  cardiac  sounds  as  heard  on  auscultation  speak  of  four  areas, 
viz. :  the  mitral  area^  a  circular  area  about  2  inches  in  diameter,  with  the  apex 
as  a  centre ;  the  tricuspid  area,  from  the  third  to  the  fifth  interspaces  on  the 
left  side,  and  the  adjoining  part  of  the  sternum ;  the  aortic  area,  second  right 
interspace  near  the  sternum,  or  the  inner  tnd  of  the  second  costal  cartilage ;  the 
pubnonary  area^  the  inner  end  of  the  second  left  intercostal  space.  The  first 
sound  is  heard  best  at  the  apex,  and  much  fainter  at  the  base.  The  second  sound 
is  heard  best  over  the  base.]  The  sound  produced  by  the  tricuspid  valve  is 
heard  loudest  at  the  junction  of  the  lower  right  costal  cartilages  with  the 
sternum ;  as  the  mitral  valve  lies  more  to  the  left  and  deeper  in  the  chest,  and 
is  covered  in  front  by  the  arterial  orifice,  the  mitral  sound  is  best  heard  at  the 
apex-beat,  or  immediately  above  it,  where  a  strip  of  the  left  ventricle  lies  next 
the  chest- wall.  [The  sound  is  conducted  to  the  part  nearest  the  ear  of  the 
listener  by  the  muscular  substance  of  the  heart]  The  aortic  and  pulmonary 
orifices  lie  so  close  together  that  it  is  convenient  to  listen  for  the  second  {aortic) 
sound  in  the  direction  of  the  aorta,  where  it  comes  nearest  to  the  surface,  /.  e.^ 
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over  the  second  right  costal  cartilage  or  aortic  cartilage  close  to  its  junction 
with  the  sternum.  The  sound,  although  produced  at  the  semi-lunar  valves,  is 
carried  upwards  by  the  column  of  blood,  and  by  the  walls  of  the  aorta.     The 
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Fig.  60. 
The  heart — its  several  pirts  and  great  vessels  in  relation  W  the  front  of  the  thoran.  The  lungs 
are  collapsed  to  their  normal  exteot,  as  after  death,  exposing  the  heart.  The  outlines  of 
the  several  parts  of  the  heart  are  indicated  by  very  fine  dotted  lines.  The  area  of  pra- 
pagaiion  of  valvular  murmurs  is  marked  out  by  more  visible  dotted  lines.  A,  the  circle  of 
mitral  murmur,  corresponds  lo  the  left  apex.  The  broad  and  somewhat  diffused  ana, 
roughlj'  triangular,  is  the  region  of  tricuspid  murmurs,  and  corresponds  generally  with  the 
right  ventricle,  where  it  is  least  covered  by  lung.  The  letter  C  is  in  its  centre.  The  cir- 
Camscribed  circular  ana,  D,  ii  the  part  over  which  the  pulmonic  arterial  murmura  are  com- 
monly heard  loudest.  In  many  cases  it  is  an  inch,  or  even  more,  lower  down,  correspond- 
ing to  the  contts  arteriosus  of  the  right  venlricle,  where  il  touches  the  wall  of  the  thorax. 
The  internal  organs  and  parts  of  organs  are  indicated  by  letters  as  follows: — r-.dH,  righl 
auricle,  traced  in  fine  dotting;  a 0,  arch  of  aorta,  seen  in  the  first  iiKercostal  space.  Mid 
iraced  in  line  dolling  on  the  sternum;  vJ.,  the  («o  innominate  veins;  r.v.,  right  venlricle; 
I.V.,  left  ventricle. 

sound  produced  by  the  pulmonary  artery  is  heard  most  distinctly  over  the  end 
of  ihe  second  right  intercostal  space,  or  the  third  left  costal  cartilage,  somewhat 
to  the  left  and  external  to  the  margin  of  the  sternum  (fig.  60). 
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[It  is  important  to  remember  that  the  position  of  the  cardiac  valves  is  one 
thing,  and  the  situation  where  the  heart-sounds  are  heard  loudest  is  another. 
The  following  indicates  the  topographical  arrangement  of  the  orifices: — 

Aortic  orifice. — At  the  sternum  adjoining  the  third  left  cartilage  and  space. 

Pulmonary  orifice. — Second  left  space  and  sternum  adjoining. 

Mitral  orifice. — Left  half  of  sternum  from  fourth  to  fifth  cartilage. 

Tricuspid  orifice. — Right  half  of  sternum  from  fourth  to  sixth  cartilage. 

The  aortic  and  mitral  orifices  are  deeply  situated  in  the  chest,  while  the  pul- 
monary and  tricuspid  orifices  are  comparatively  superficial.] 

[Events  occurring  in  the  heart  during  the  sounds. — Coincident  with  the 
first  sound  the  following  events  are  taking  place  within  the  heart :  (i)  Con- 
traction of  both  ventricles,  (2)  firmer  closure  and  stretching  of  the  auriculo- 
ventricular  valves,  (3)  propulsion  and  rushing  of  blood  into  the  aorta  and 
pulmonary  artery,  (4)  the  impulse  of  the  heart  against  the  chest-wall,  (5)  the 
gradual  filling  of  the  auricles  with  blood.  Coincident  with  the  second  sound 
are — (i)  the  closure  and  stretching  of  the  semi-lunar  valves  of  the  aorta  and 
pulmonary  artery,  (2)  relaxation  of  the  contracted  ventricles,  (3)  opening  of 
the  auriculo-ventricular  valves  and  flow  of  some  blood  from  the  auricles  into 
the  ventricles,  (4)  diminished  pressure  of  the  apex  against  the  chest-wall. 
During  the  long  pause :  (i)  The  auricles  are  being  filled,  and  blood  flows 
freely  from  them  into  the  dilated  ventricles,  (2)  contraction  of  the  auricles  to 
fill  the  ventricles  with  blood.]  During  the  short  silence,  which  is  very  short, 
the  ventricles  are  contracting,  and  are  near  their  maximum  of  shortening. 

54.  VARIATIONS  OF  THE  HEART-SOUNDS.— Increase  of  the  first  sound  of 
both  Tcntricles  indicates  a  more  energetic  contraction  of  the  ventricles  and  a  simultaneously 
greater  and  more  sudden  tension  of  the  auriculo-ventricular  valves.  Increase  of  the  second  sound 
is  a  sign  of  increased  tension  in  the  interior  of  the  corresponding  large  arteries.  Hence  increase 
of  the  second  (pulmonary)  sound  indicates  overfilling  and  excessive  tension  in  the  pulmonary 
circuit.  A  feebU  action  of  the  heart,  as  well  as  abnormal  want  of  blood  in  the  heart,  causes 
weak  heart-sounds,  which  is  the  case  in  degenerations  of  the  heart-muscle. 

Irregulanties  in  structure  of  the  individual  valves  may  cause  the  heart-sounds  to  become 
'^  impure."  If  a  pathological  cavity,  filled  with  air,  be  so  placed,  and  of  such  a  form  as  to  act 
as  A  resonator  to  the  heart-sounds,  they  may  assume  a  "  metallic  "  character.  The  first  and 
second  sound  may  be  **  reduplicated  "  or  [although  '*  duplication  "  is  a  more  accurate  term 
(BarrY^  doubled.  The  reduplication  of  the  first  sound  is  explained  by  the  tension  of  the 
tricuspid  and  that  of  the  mitral  valves  not  occurring  simultaneously.  Sometimes  in  disease  a 
sound  is  produced  by  a  hypertrophied  auricle  producing  an  audible  presystolic  sound,  {.  ^.,  a 
sound  or  "murmur"  preceding  the  first  sound.  [This  has  been  questioned  quite  recently.] 
As  the  aortic  and  pulmonary  valves  do  not  close  quite  simultaneously,  a  reduplicated  second  sound 
is  only  an  increase  of  a  ph3rsiological  condition.  All  conditions  which  cause  the  aortic  valves  to 
close  rapidly  (diminished  amount  of  blood  in  the  left  ventricle)  and  the  pulmonary  valves  to 
close  later  (^congestion  of  the  right  ventricle — both  conditions  together  in  mitral  stenosis),  favor 
the  production  of  a  reduplicated  second  sound. 

Cardiac  Munnurs.-^If  irregularities  occur  in  the  valves,  either  in  cases  of  stenosis  or  in 
insufficiency,  so  that  the  blood  is  subjected  to  vibratory  oscillations  and  friction,  then,  instead 
of  the  heart-sounds,  other  sounds — murmurs  or  bruits — arise  or  accompany  these.  A  com- 
bination of  these  sounds  is  always  accompanied  by  disturbances  of  the  circulation.  [These 
murmur^  may  be  produced  within  the  heart,  when  they  are  termed  endocardial ;  or  outside  it, 
when  they  are  called  ezocardial  murmurs.  But  other  murmurs  are  due  to  changes  in  the 
quality  or  amount  of  the  blood,  when  they  are  spoken  of  as  haemic  murmurs.  In  the  study  of 
all  murmurs,  note  their  rhythm  or  exact  relation  to  the  normal  sounds,  their /^m/  of  maximum 
intensity,  and  the  direction  in  which  the  murmur  is  propagated. "X  It  is  rare  that  tumors  or  other 
deposits  projecting  into  the  ventricles  cause  murmurs,  unless  there  be  present  at  the  same  time 
lesions  of  the  valves  and  disturbances  of  the  circulation.  The  cardiac  murmurs  are  always  re- 
lated to  the  systole  or  diastole,  and  usually  the  systolic  are  more  accentuated  and  louder. 
Sometimes  they  are  so  loud  that  the  thorax  trembles  under  their  irregular  oscillations  {fremitus, 
fr^missement  cataire). 

In  cases  where  diastolic  murmurs  are  heard,  there  are  always  anatomical  changes  in  the 
cardiac  mechanism.  These  are  insufficiency  of  the  arterial  valves,  or  stenosis  of  the  auriculo' 
ventricular  onfice  (usually  the  left).  Systolic  murmurs  do  not  always  necessitate  a  disturb- 
ance in  the  cardiac  mechanism.    They  may  occur  on  the  left  side,  owing  to  insufficiency  of  the 
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mitral  vnlve,  slenosiE  of  (he  aocta,  and  in  cues  at  calcificalioQ  and  dilaUtton  of  the  ascendiDg 
part  of  the  aorta.  These  murmurs  occur  very  much  less  frequently  on  the  right  side,  and  are 
due  10  insuRicieacy  of  the  tricuspid  end  stenosis  of  the  pulmonaiy  ori^ce. 

Functional  Murniura.— Systolic  munnurs  often  occur  without  any  valvulaj  lesion,  although 
Ihey  are  always  less  loud,  and  are  caused  by  abnormal  vibralJons  of  the  valves  or  Brterial 
walls.  They  occur  most  frequently  at  ihe  orifice  of  the  pulmonary  artery  [nnd  are  generally 
heard  at  the  base],  less  frequeolly  at  the  mitral,  and  still  less  frequently  at  ihe  aortic  or 
the  tricuspid  orifice.  Anemia,  general  malnutrition,  acute  febrile  alTeclioni,  are  the  causes  of 
these  murmuts.  [^ome  of  these  are  due  to  an  altered  condition  of  Ihe  blood,  aod  are  called 
hsemic,  and  others  to  defective  cardiac  muscular  nutrition,  and  arc  called  dynamic  ( IVa^sAt).'] 

Sounds  may  also  occur  during  a  certain  stage  of  iofiammalion  of  the  pericardium  (pericarditis) 
from  the  roughened  surfaces  of  ibis  membrane  rubbing  upon  each  other.  Audible  friction  sounds 
are  thus  produced,  and  the  vibration  may  even  be  perceptible  to  touch,  [These  are  "  friction 
Bounds,"  and  quite  distinct  from  sounds  produced  wilhin  the  heart  itself] 

55.  PERSISTENCE  OF  THE  MOVEMENTS  OF  THE 
HEART. — The  heart  continues  to  beat  for  some  time  after  it  is  cut  out  of  the 
body.  The  movement  lasts  longer  in  cold-blooded  animals  (frog,  turtle) — 
extending  even  to  days — than  in  mammals.  A  rabbit's  heart  beats  from  3 
minutes  up  to  36  minutes  after  it  is  cut  ot:t  of  the  body.  The  average  of  many 
experiments  is  about  11  minutes.  [Waller  and  Reid  recorded  the  ventricular 
contractions  of  a  rabbit's  heart  73  minuteg  after  its  excision.  Fig.  61  shows 
the  prolongation  of  the  ventricular  systole  in  an  excised  rabbit's  heart,  the 
movements  being  recorded  by  a  lever  resting  on  the  heart.]  Panum  found  the 
last  trace  of  contraction  to  occur  in  the  right  auricle  (rabbit)  15  hours  after 
death  ;  in  a  mouse's  heart,  46  hours ;  in  a.  dog's,  96  hours.  An  excised  frog's 
heart  beats,  at  the  longest,  2^  days  (^VaUnlin).  In  a  human  embryo  (third 
month)  the  heart  was  found  beating  after  4  hours.  In  this  condition  stimulation 
causes  an  increase  and  acceleration  of  the  action.  The  ventricular  contraction 
weakens,  and  soon  each  auricular  contraction  is  not  followed  by  a  ventricular 
contraction,  two  or  more  of  the  former  being  succeeded  by  only  one  of  the 
latter.  At  the  same  time  the  ventricles  contract  more  slowly  (fig.  61),  and 
soon  stop  altogether,  while  the  auricles  continue  to  beat.  If  the  ventricles  be 
stimulated  directly,  as  by  pricking  them  with  a  pin,  they  may  execute  a  con- 
traction. The  left  auricle  soon  ceases  to  beat,  while  the  right  auricle  still  con- 
tinues to  contract.  The  right  auricular  appendix  continues  to  beat  longest,  as 
was  observed  by  Galen  and  Cardanus  (1550)1  and  it  is  termed  "uliimum 
moriens."  Similar  observations  have  been  made  upon  the  hearts  of  persons 
who  have  been  executed. 

If  the  heart  has  ceased  to  beat,  it  may  be  excited  to  contract  for  a  short  time 
by  direct  stimulation,  more  especially  by  heat  {ffarvey) ;  even  under  these 
circumstances  the  auricles  and  their  appendices  are  the  last  parts  to  cease  con- 
tracting. As  a  general  rule,  direct  stimulation,  although  it  may  cause  the 
heart  to  act  more  vigorously  for  a  short 
time,  brings  it  to  rest  sooner.  In  such 
cases,  therefore,  the  regular  sequence  of 
events  ceases,  and  there  is  tisually  a 
twitching  movement  of  the  muscular 
fibres  of  the  heart.  C.  Ludwig  found 
that„  even  after  the  excitability  is  ex- 
tinguished in  the  mammalian  heart,  it 
may  be  restored  by  injecting  arterial 
bloixl  into  the  coronary  arteriM :  con> 
versely,  lesion  of  these  vessels  is  followed 
by  enfeebled  action  of  the  heart  (§  47). 

f™™  „f  ..--..J  Jki.-..''  i._-  ,  t  _■  Hammer  found  that  in  a  man,  whose 
Unrres  01  excised  rabbits  heart — I,  6  mms.  ,   .  ,11 

after  excision;  2,10  mins.;  3, 10 mios.;  4,  '^ft   coronary  artery  was   plugged,    the 
70  mins.  (after  Walitr  and  Reid).  pulse  fell  from  80  to  8  beats  per  minutc. 
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[The  belts  of  the  excised  heart  of  a  rabbit  (gradually  decline  in  force  and  frequency,  the  latent 
penod  and  contraction  become  longer,  and  the  excitability  more  obtuse.  The  duration  of  a 
contraaion  may  be  .6  sec,  the  normal  being  .3  sec.  The  beats  have  often  a  bigeminal  character. 
An  excised  heart  may  be  frozen  quite  hard,  yet  on  being  thawed  it  contracts  spontaneously. 
The  contraction  proceeds  in  a  wave  from  the  spot  stimulated  in  (he  frog's  heart,  at  8*^  to  1 2^  C. 
at  30  to  90  mm.  per  sec. ;  in  the  mammalian  excised  heart  about  8  metres  per  sec.  ( Waller  and 

Action  of  Gases  on  the  Heart. — During  its  activity  the  heart  uses  O,  and  produces  CO,  so 
that  it  beats  longest  in  pure  O  (12  hours),  and  not  so  long  in  N, — H  (i  hour) — CO,  (10  minutes) 
— CO  (42  minutes) — Cl  (2  minutes),  or  in  a  vacuum  (20  to  30  minutes),  even  when  there  is 
watery  vapor  present  to  prevent  evaporation.  If  the  heart  be  reintroduced  into  O  it  begins  to 
beat  again.  [Gases  seem  to  have  the  same  effect  in  the  chick's  heart  on  the  second  and  third 
days  ci  incubation  as  in  the  adult  heart  {Fano),  A  frog's  heart  ceases  to  beat  in  compressed  O 
(10  to  12  atmospheres)  in  about  one-third  of  the  time  it  wouhd  do  were  it  simply  excised  and 
left  to  itself.  An  excised  heart  suspended  in  ordinary  air  beats  three  to  four  times  as  long  as  a 
heart  which  is  placed  upon  a  glass- plate.] 

[56.  PHYSICAL  EXAMINATION  OF  THE  HEART.— The 
ph3rsical  methods  of  diagnosis  enable  us  to  obtain  precise  knowledge  re- 
garding the  actual  state  of  the  heart.     The  methods  available  are : — 


1.  Inspection. 

2.  Palpation. 


3.  Percussion. 

4.  Auscultation. 


To  arrive  at  a  correct  diagnosis  all  the  methods  must  be  employed.] 

[Inspection. — The  person  is  supposed  to  have  his  chest  exposed  and  to  be  in  the  recumbent 
position.  It  b  important  to  remember  the  limits  of  the  heart.  The  base  corresponds  to  a 
itne  joining  the  upper  margipsof  the  third  costal  cartibges,  the  apex  to  the  fifth  interspace,  while 
transversely  it  extends  from  a  little  to  the  right  of  the  sternum  to  within  a  little  of  the  left  nipple; 
this  area  occupied  by  the  heart  bein^  called  the  deep  cardiac  region  (fig.  62).  By  the  eye  we 
can  detect  any  alteration  in  the  configuration  of  the  praecordia,  bulging  or  retraction  of  the  region 
as  a  whole  or  of  the  intercostal  spaces,  and  we  mav  detect  variations  in  the  position,  character, 
extent  of  the  cardiac  impulse,  or  the  presence  of  other  visible  pulsations.] 

[Palpation. — By  placing  the  whole  hand  flat  upon  the  praecordia,  we  can  ascertain  the 
presence  or  absence,  the  situation  and  extent,  and  any  alterations  in  the  characters  of  the  apex- 
beat  ;  or  we  may  detect  the  existence  of  abnormal  pulsations,  vibrations,  thrills,  or  friction  in 
this  region.  In  feeling  for  the  apex-beat,  if  it  be  at  all  feeble,  it  is  well  to  nuike  the  patient 
lean  forward.  Of  course,  it  must  be  remembered  that  the  whole  heart  may  be  displaced  by 
tumors  or  accumulations  of  fluids  pressing  upon  it,  i.  e.,  conditions  external  to  itself,  or  the 
apex-beat  may  be  displaced  from  causes  within  the  heart  itself,  as  in  hypertrophy  of  the  left 
ventricle.] 

[Percussion. — As  the  heart  is  a  solid  organ,  and  is  surrounded  by  the  lungs,  which  contain 
air,  it  is  evident  that  the  sound  emitted  by  striking  the  chest  over  the  region  of  the  former  must 
be  difierent  from  that  produced  over  the  latter.  Not  only  is  there  a  difierence  in  the  sound  or 
note  emitted,  but  the  <*  sensation  of  resistance**  which  one  feels  on  percussing  the  two  organs  is 
difierent.     We  may  ascertain — 

1 .  The  superficial  or  absolute  cardiac  dulness. 

2.  The  deep  or  relative  dulness.] 

[Superficial  Cardiac  Dulness. — This  theoretically  b  the  part  of  the  heart  in  direct  contact 
with  the  chest- wall  and  uncovered  by  lung,  but  obviously  as  the  lungs  vary  in  size  during  respira- 
tion, it  most  be  smaller  during  inspiration  and  larger  during  expiration.  It  forms  a  roughly 
triangular  space,  whose  base  cannot  be  accurately  determined,  as  the  heart-dulness  merges  into 
that  of  the  Uwer,aitiiate  below  it,  but  it  corresponds  to  a  horizontal  line  2^  inches  long,  extending 
from  the  apex-beat  to  the  middle  of  the  sternum.  The  internal  side  corresponding  to  the  left 
edge  of  the  sternum  is  2  inches  long,  and  reaches  from  the  junction  of  the  fourth  costal  cartilage 
wiUi  the  sternum — apex  of  the  triangle — to  the  sternal  end  of  the  base  line.  The  superior,  outer, 
or  oblique  line,  3  inches  in  length,  is  somewhat  curved,  and  passes  downwards  and  outwards 
from  the  apex  of  the  triangle  to  the  apex  of  the  heart.  The  clinical  value  of  the  superficial 
dulness  b  not  frreat.] 

[Deep  Cardiac  Dulness. — By  thb  method  theoretically  we  seek  to  define  the  exact  limits  of 
the  heart  as  a  whole,  and  thus  to  ascertain  its  absolute  size«  and  of  course  percussion  has  to  be 
done  through  a  certain  thickness  of  lung  tissue,  and  hence  one  must  strike  the  pleximeter 
fordUy.  It  extends  vertically  frx>m  the  third  rib  and  ends  at  the  sixth,  but  owing  to  the 
cardiac  merging  in  the  hepatic  dulness,  thb  lower  limit  cannot  be  accurately  ascertained  ;  while 
transversely  at  the  fourth  rib  it  extends  from  just  within  the  nipple  line  to  slightly  beyond  the 
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right  of  the  sternum.  By  these  means  we  may  detect  increase  in  the  size  of  the  heart  or  altera- 
tions in  the  relation  of  the  lungs  to  the  heart,  fluid  in  pericardium,  etc.  Thus  it  is  of  great 
importance  to  the  clinician,  enabling  him  to  determine  the  size  and  position  of  the  heart.] 

[Auscultation. — This  is  one  of  the  most  valuable  methods,  for  by  it  we  can  detect  variations 
and  modifications  in  the  healthy  sounds  of  the  heart,  the  rhythm  and  frequency  of  the  heart- 
beat, the  existence  of  abnormal  sounds,  and  their  exact  relation  to  the  normal  sounds,  also 
their  characters  and  relation  to  the  cardiac  cycle,  and  the  direction  in  which  these  sounds  are 
propagated  (|  54).] 


Fig.  62. 

Topography  of  the  thorax  and  its  contents,  a.  ^.,  right  atrium;  0.  j.,  left  auricle;  v,  d.j  right 
ventricle;  I,  left  ventricle,  with  I j,  position  of  cardiac  impulse;  A,  aorta;  II,  pulmonary 
artery ;  C,  V,  vena  cava  superior ;  L,  L,  limits  of  the  lungs ;  P,  P,  limits  of  the  attachment 
of  the  parietal  pleura ;  the  space  between  L,  L,  and  P,  P,  is  called  the  "  complemental 
space." 

57.  INNERVATION  OF  THE  HEART.— [Intra-  and  Extra- 
Cardiac  Nervous  Mechanism. — When  the  heart  is  removed  from  the  body, 
or  when  all  the  nerves  which  pass  to  it  are  divided,  it  still  beats  for  some  time, 
so  that  its  movements  must  depend  upon  some  mechanism  situated  within  itself. 
The  ordinary  rhythmical  movements  gf  the  heart  are  undoubtedly  associated 
with  the  presence  of  nerve  ganglia,  which  exist  in  the  substance  of  the  heart — 
the  intra-cardiac  ganglia.     But  the  movements  of  the  heart  are  influenced  by 
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nervous  impulses  which  reach  it  from  without,  so  that  there  falls  to  he  studied 
an  intra-cardiac  and  an  extra-eardiac  nervous  mechanism.] 

The  cardiac  plexus  is  composed  of  the  foilowing  nerves ;  (i)  The  cardiac 
branches  of  the  vagus,  the  branch  of  the  same  name  from  the  external  branch  ol 
the  superior  laryngeal,  a  branch  from  the  inferior  laryngeal,  and  sometimes 
branches  from  the  pulmonary  plexus  of  the  vagus  (more  numerous  on  the  right 
side);  (i)  the  superior,  middle,  inferior,  and  lowest  cardiac  branches  of  the 
three  cervical  ganglia  and  the  first  thoracic  ganglia  of  the  sympathetic  ;  (3)  the 
inconstant  (wig  of  the  descending  branch  of  the  hypoglossal  nerve,  which, 
according  to  Luschka,  arises  from  the  upper  cervical  ganglion.  From  the 
plexus  there  proceed — the  deep  and  the  superficial  nerves  (the  latter  usually  at 
the  division  of  the  pulmonary  artery  under  the  arch  of  the  aorta,  and  containing 
the  ganglion  of  Wrisberg)  (§  370).  The  following  nerves  may  be  separately 
traced  from  the  plexus  : — 

{a)  The  plexus  coronarius  dexter  and  sinister,  which  contains  the 
vaio-mofor  nerves  for  the  coronary  vessels  (physiological  proof  still  wanting)  as 
well  as  the  nerves  (sensory?)  proceeding  from  them  (to  the  pericardium?). 


Tig.  63.  Fig.  64. 

Heart  of  fxo^  from  the  front.     V,  sii^le  ven-  Hean  of  (rog  from  behind,      i.  v.,  liaos  ve- 

tricle;    Ai,At,n^\   and   left    aaricles;  nouis  opened  ;  d,  inrerioT;  cii/,  i:»,  right 

B,  Inlbiu  aiterioroa;  I,  carotid,  3,  aorta,  and  lefl  superior  venae   cavae;   vp.,  pul- 

arkd   3,  piilmo.ciilaiieons  uieries;   C,   ca-  nioniij  vdni  Ada.ai.  As,  right  and  leli 

rotid  gluid.  iiincles  ;    Ap,    communicuion    between 
the  right  and  left  auricle. 

(A)  Intracardiac  nerves  and  ganglia. — The  nerves  lying  in  \hc  grooves 
of  the  heart  mA  in  its  substance  contain  numerous  ganglia  (.^irwui),  and  are 
regarded  as  the  automatic  motor  centres  of  the  heart.  A  nervous  ring  contain- 
ing numerous  ganglia  corresponds  to  the  margin  of  the  septum  atriorum  ;  there 
is  another  in  the  auriculo- ventricular  groove.  Where  the  two  meet,  they  ex- 
change fibres.  The  ganglia  usually  lie  near  the  pericardium.  In  mammals, 
the  two  largest  ganglia  lie  near  the  orifice  of  the  superior  vena  cava — in  birds, 
the  largest  ganglion  (containing  thousands  of  ganglionic  celts)  lies  posteriorly 
where  the  longitudinal  and  transverse  sulci  cross  each  other.  Fine  branches, 
also  provided  with  small  ganglia,  proceed  from  these  ganglia,  and  penetrate  the 
m^iscular  walls  of  the  auricles  and  ventricles. 

[Frog's  Heart. — The  fret's  heart  consists  of  the  sinus  venosua,  into  which  open  the  single 
inferior  and  the  iwo  superior  vense  cav;e  (fig.  64).  There  are  two  auricles;  the  right  one  com- 
mnoicates  with  the  sinus  venosus,  and  opens  into  the  single  ventricle ;  the  telt  auricle  also 
opens  into  the  single  ventricle  (fig.  63,  v),  and  in  the  liUer  are  mixed  the  venous  blood  returned 
bj  the  right  auricle  and  the  arterial  blood  from  the  leA  auricle.  The  aorta  with  its  bulbut 
arlfriona  conducts  the  blood  from  the  ventricle.  The  various  orifices  are  guarded  by  projec- 
tions of  tissue,  which  act  Uke  valves.  The  two  auricles  are  completely  separated  by  a  septum. 
This  septutn  ends  pobteriorly  in  a  free  concave  margin,  so  as  to  divide  the  auriculo- ve  a  tricolar 
orifice  into  a  right  and  left  oriltce.  Each  orifice  is  guarded  by  two  thick  fle&hy  valves,  wbicb 
close  il.j 
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[NcTvea. — The  two  cardiac  brancbM  of  the  vagi— the  nerrl  cardiaci — proceed  to  th« 
posterior  surface  of  the  sinua  tenosus,  and  where  the  latter  joins  the  auricle  they  iolerlace,  and  are 
mixed  with  a  number  or  ganglion  ceils  (fig.  67).  This  spot  is  called  Remak's  ganglion,  is 
sometimes  single,  at  others  doable,  and  it  can  be  seen  as  a  white  "  crescent "  when  the  heart  is 
lifted  up  and  looked  at  from  behind  (fig,  64).  The  cardiac  nerves  pass  on  to  the  auricular 
septum— which  contains  nerve-cells,  known  as  Ludwig's  ganglion— exchanging  fibres  in  their 
course  to  join  two  ganglia  at  the  auriculo  ventricular  groove,  and  known  bi  Bidder's  ganglia 
(lig.  67).     It  has  ^n  stated  that  the  hulbus  arteriosus  also  contains  ganglionic  cells.] 


Fig  65. 
Auricular  septum  of  a  frog's  heart,     u,  anterior, 
and  f,  posterior  branch  of  the  cardiac  vagus ; 
B,  Bidder's  gaoglion. 


Pyrifonn  ganglionic  bi-polar  nerve-cell 
from  ihe  heart  of  a  frog,  m,  sheath ; 
H,  straight  process;  o,  spiral  process. 


According  to  Openehowak)',  every  part  of  the  heart  (frog,  trilon,  tortoise)  contains  oerve- 
tibres  which  are  connected  witb  the  muscular  fibres.  In  the  auricles,  at  the  end  of  the  ntsa- 
medullated  fibre,  a  tri-radiate  nucleus  exists  which  gives  off  fibrils  to  the  muscular  bundles. 
There  is  a  network  of  fine  nerve-fibTes  distributed  immediately  under  the  endocardium — these 
fibres  act  partly  in  a  ctntriptlal  direction  on  the  cardiac  ganglia,  and  are  partly  motor  for  Ihe 
endocardial  muscles.  The  parietal  layer  of  the  pericardium  contains  (sensory)  nerve-fibres. 
The  following  kinds  of  nerve-cells  are  found — unipolar  crib,  the  single  processes  of  which  alter- 


Fig.  67. 

Scheme  of  nerves  of  frog's  heart.     R. 

Remak's,  and  B,  Bidder's  ganglia ; 

S.  v.,  sinus   venosus ;  A,  aaricles ; 

V,  ventricle ;    B.   A.,    hulbus    ar- 


Fig.  68. 

Stannios's  experiment.     A,   auricle ; 

V,  ventricle ;  S.  V,,  sinus  venosus. 

The   rig-iag  lines  indicate  which 


{.  66),  which  in  the  frog  possets  a  stra^ht  («)  and 


58.  THE  AUTOMATIC  MOTOR  CENTRES  OF  THE  HEART. 
— (i)  It  is  generally  assumed  that  the  nervous  centres  which  excite  the  cardiac 
movements,  and  maintain  the  rhythm  of  these  movements,  lie  within  the  heart, 
and  that  they  are  probably  represented  by  the  ganglia.     [The  heart,  however. 
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can  execute  rhythmical  pulsations  without  the  presence  of  ganglionic  structures, 

P-  97-] 
•    (2)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 

connected  with  each  other  by  conducting  paths.  As  long  as  the  heart  is  intact, 
all  its  parts  move  in  rhythmical  sequence  from  a  principal  central  point,  an 
impulse  being  conducted  from  this  centre  through  the  conducting  paths.  What 
the  ** discharging  forces*'  of  these  regular  progressive  movements  are  is  un- 
known. If,  however,  the  heart  be  subjected  to  the  action  of  diffuse  stimuli 
(e.g.,  strong  electrical  currents),  all  the  centres  are  thrown  into  action,  and  a 
spasm-like  action  of  the  heart  occurs.  The  dominating  centre  ties  in  the  auricles ^ 
hence  the  regular  progressive  movement  usually  starts  from  them.  If  the 
excitability  is  diminished,  as  by  touching  the  septum  with  opium,  other  centres 
seem  to  undertake  this  function,  in  which  case  the  movement  may  extend  from 
the  ventricles  to  the  auricles.  According  to  Kronecker  and  Schmey,  in ,  the 
do^s  heart  there  is  a  spot  above  the  lower  limit  of  the  upper  third  of  the  ven- 
tricular septum,  which,  when  it  is  injured,  e,g.^  by  destroying  it  with  a  stout 
needle,  brings  the  heart  to  a  stand-still ;  this  has  been  called  a  co-ordinating 
centre.     [The  existence  of  this  centre  is  denied  by  some  observers.] 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at 
first  an  increase  of  the  rhythmical  heart-beats ;  stronger  stimuli  cause  a  diminu- 
tion, and  it  may  be  paralysis,  which  is  often  preceded  by  a  convulsive  movement. 
Increased  activity  exhausts  the  energy  of  the  heart  sooner. 

(4)  Single  very  weak  stimuli,  which  have  no  effect  on  the  heart  when  applied 
singly,  if  repeated  sufficiently  often,  may  become  active  owing  to  "  summation 
of  the  stimuli  "  {v.  BascK), 

(5)  Even  the  weakest  stimulus  which  can  excite  a  contraction  always  causes 
an  energetic  contraction,  /.  /.,  "  the  minimal  stimulus  causes  a  maximal  effect" 
{Bawditchy  Kronecker  and  Stirling), 

(6)  After  every  contraction  of  the  heart  there  is  a  short  period  of  "  dimin- 
ished excitability**  or  Marey's  "refractory  period,"  during  which  the  heart  is 
less  susceptible  to  further  stimulation. 

(7)  The  non-ganglionic  apex  of  the  heart,  when  it  is  not  stimulated,  no  longer 
beats  spontaneously,  but  it  responds  each  time  by  a  single  contraction  to  a  single 
direct  stimulus.  If,  however,  a  continuous  stimulus,  e.g.,  a.  continuous  current 
of  electricity,  be  applied  to  it,  it  executes  a  series  of  beats.  Such  continuous 
stimuli  are  obtained  through  a  continuous  pressure  of  fluid,  exerted  on  the 
interior  of  the  heart,  or  by  moistening  the  heart  with  chemical  substances. 

(8)  The  auricular  centres  seem  to  be  more  excitable  than  those  of  the 
ventricle ;  hence,  in  a  heart  left  to  itself  the  auricles  pulsate  longest. 

(9^  The  heart  may  be  excited  (reflexly)  from  its  inner  surface.  Weak  stimuli 
applied  to  the  inner  surface  of  the  heart  greatly  accelerate  the  heart's  action,  the 
stimulus  required  being  much  feebler  than  that  applied  to  the  external  surface 
of  the  heart.  Strong  stimuli,  which  bring  the  heart  to  rest,  also  act  more  easily 
when  applied  to  its  inner  surface  than  when  they  are  applied  to  its  outer  surface. 
The  ventricle  is  always  the  first  part  to  be  paralyzed. 

(10)  In  order  that  the  heart  may  continue  to  contract,  it  is  necessary  that  it 
be  supplied  with  a  fluid  which,  in  addition  to  O,  must  contain  the  necessary 
nutritive  materials.  The  most  |>erfect  fluid,  of  course,  is  blood.  Hence  the  heart 
after  a  time  ceases  to  beat  in  an  indifferent  fluid  (0.6  percent,  sodium  chloride), 
but  its  activity  may  be  revived  by  supplying  it  with  a  proper  nutritive  fluid. 

Cardiac  Nutritive  Fluids. — These  natritive  fluids  are  such  as  contain  serum- albumin,  e.g., 
blood,  serum,  or  Ijrmph.  Serum  retains  its  nutritive  properties  even  after  it  has  been  subjected 
to  diffusion  [Martins  and  Kronecker),  Milk  and  whey  {y,  Ott)^  normal  saline  solution  mixed 
with  blood,  albumin,  or  peptone,  and  0.3  per  cent,  sodium  carbonate  {Kronecker ^  Merunowicz  and 
Stiinon),  a  trace  of  caustic  soda  (  Gau/e),  or  a  solution  of  the  salts  of  serum,  are  suitable.    Alka- 
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line  solution  of  soda  revives  a  feebly  l>eatiDg  heart  by  neutralizing  the  acid  formed  in  the  cardiac 
muscle,  and  so  does  normal  saline  containing  calcic  phosphate  and  potassic  chloride  (5*.  Ringer). 

(11)  The  independent  pulsations  of  parts  of  the  heart  which  are  devoid  of 
ganglia  show  that  the  presence  of  ganglia  is  not  absolutely  necessary  in  order  to 
have  rhythmical  pulsation.  Direct  stimulation  of  the  heart  may  cause  these 
movements.  But  the  ganglia  are  more  excitable  than  the  heart  muscle  itself, 
and  they  conduct  the  impulses  which  lead  to  the  regular  alternating  action  of  the 
various  parts  of  the  heart,  so  that,  under  normal  circumstances,  we  must  assume 
that  the  action  of  the  heart  is  governed  by  the  ganglia. 

(12)  If  a  heart  be  cut  in  pieces,  so  that  the  individual  pieces  still  remain 
connected  with  each  other,  the  regular  peristaltic  or  wave-like  movements  pro- 
ceeding from  the  auricles  to  the  ventricle  may  continue  for  a  long  time 
(Dondersy  Engelmann),  If  tlje  heart,  however,  be  completely  divided  into  two 
distinct  pieces  (auricle  and  ventricle),  the  movements  of  both  parts  continue, 
but  not  in  the  same  sequence — they  beat  at  different  rates. 

The  chief  experiments  upon  which  the  above  statements  are  based  are  as 
follows : — 

I.  Experiments  by  cutting  and  ligaturing  the  heart.  These  experiments 
have  been  made  chiefly  upon  the  heart  of  the  frog.  Hie  ligature  experiments 
are  performed  by  tightening  and  then  relaxing  the  ligature  placed  around  the 
heart,  so  that  the  physiological  connection  is  destroyed,  while  the  anatomical  or 
mechanical  connections  (continuity  of  the  cardiac  wall,  intact  condition  of  its 
cavities)  still  exist.     The  most  important  of  these  experiments  are — 

(i)  Stannius's  Experiment. — If  the  sinus  venosus  of  a  frog's  heart  be 
separated  from  the  auricles,  either  by  an  incision  or  by  a  ligature,  the  auricles  and 
ventricle  stand  still  in  diastole,  whilst  the  veins  and  the  remainder  of  the  sinus 
continue  to  beat  (fig.  dZy  i).  If  a  second  incision  be  made  at  the  auriculo- 
ventricular  groove,  as  a  rule  the  ventricle  begins  at  once  to  beat  again,  whilst 
the  auricles  remain  in  the  condition  of  diastolic  rest.  [Thus  the  sinus  venosus 
and  ventricle  continue  to  beat,  while  the  auricle  stands  still,  but  the  two  former 
no  longer  beat  with  the  same  rhythm,  the  ventricle  usually  beats  more  slowly,  as 
is  shown  in  fig.  dZ^  2,  by  the  large  zig-zags.]  According  to  the  position  of  the 
second  ligature  or  incision,  the  auricles  may  also  beat  along  with  the  ventricles, 
or  the  auricles  alone  may  beat  while  the  ventricles  remain  at  rest. 

Theoretical. — Various  explanations  of  these  exi)eriments  have  been  given :  (A)  Remakes 
ganglion  in  the  sinus  venosus  is  distinguished  by  its  gjeat  excitability,  while  Bidder*s  gangUon 
in  the  auriculo-ventricular  groove  is  less  excitable ;  in  the  normal  condition  of  the  heart  the 
motor  impulse  b  carried  from  the  former  to  the  latter.  If  the  sinus  venosus  be  separated  from 
the  heart,  Remak's  ganglion  has  no  action  on  the  heart.  The  heart  stops  for  two  reasons — 
first,  because  Bidder's  ganglion  alone  has  not  sufficient  energy  to  excite  it  to  action,  and  because 
the  inhibitory  fibres  of  the  vagus  going  to  the  heart  have  been  stimulated  by  being  divided  at 
this  point  (Heidenhain).  [That  stimulation  of  the  inhibitory  fibres  of  the  vagus  is  not  the 
cause  of  the  standstill  is  proved  by  the  fact  that  the  standstill  occurs  even  after  the  adminis- 
tration of  atropine,  which  paralyzes  the  cardiac  inhibitory  mechanism.]  The  passive  heart, 
however,  may  be  made  to  contract  by  mechanically  stimulating  Bidder's  ganglion,  e.g.^  by  a 
slight  prick  with  a  needle  in  the  auriculo-ventricular  groove,  or  by  the  action  of  a  constant 
current  of  moderate  strength  {^Eckhard),  the  ventricular  pulsation  at  the  same  time  preceding 
the  auricular  (z/.  Bewld^  Bernstein),  If  the  auriculo-ventricular  groove  be  divided,  the  ventricle 
pulsates  again,  because  Bidder's  ganglion  has  been  stimulated  by  the  act  of  dividing  it ;  while, 
at  the  same  time,  the  ventricle  is  withdrawn  from  the  inhibitory  influence  of  the  vagus  pro- 
duced by  the  first  division  at  the  sinus  venosus.  If  the  line  of  separation  b  so  made  that 
Bidder's  ganglion  remains  attached  to  the  auricles,  these  pulsate,  and  the  ventricle  rests ;  if  it 
be  divided  into  halves,  the  auricles  and  ventricles  pulsate,  each  half  being  excited  by  the  portion 
of  the  ganglion  in  relation  with  it.  (B)  According  to  another  view,  both  Remak's  [a)  and 
Bidder's  ganglia  {Jf)  are  motor  centres,  but  in  the  auricles  there  is  in  addition  an  inhibitory 
ganglionic  system  {c\  (Bezold^  Traube),  Under  normal  circumstances  a  -^  b'n  stronger  than  f, 
while  c  is  stronger  than  a  or  b  separately.  If  the  sinus  venosus  be  separated  it  beats  in  virtue 
of  <2 ;  on  the  other  hand,  the  heart  rests  because  c  is  stronger  than  b.     If  the  section  be  made 
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at  the  level  of  the  aariculo-ventricular  groove,  the  auricles  stand  still  owing  to  c^  while  the 
ventricle  beats  owing  to  b, 

(2)  Descarte's  Experiment  (1644). — If  the  ventricle  of  a  frog's  heart  be 
separated  from  the  rest  of  the  heart  by  means  of  a  ligature,  or  by  an  incision 
carried  through  it  at  the  level  of  the  auriculo-ventricular  groove,  the  sinus  and 
atria,  pulsate  undisturbed  as  before,  but  the  ventricle  stands  still  in  diastole.  A 
single  local  stimulus  applied  to  the  ventricle  is  responded  to  by  a  single  con- 
traction. If  the  incision  be  so  made  that  the  lower  margin  of  the  auricular 
septum  remains  attached  to  the  ventricle,  the  latter  pulsates.  Even  the  ven- 
tricles of  a  rabbit's  heart,  when  separated  along  with  a  part  of  the  auricles  in 
connection  with  them,  pulsate  {Tigerstedt), 

[Oaskell's  Clamp. — Gaskell  uses  a  clamp,  regulated  by  a  millimetre  screw,  to  compress  the 

heart,  and  thus  to  obstruct  the  passage  of  impulses  from  one  part  of  the  heart  to  the  other,  or 

to  <'  block "  the  way,  the  pulsations  of  the  auricles  and  ventricles  being  separately  registered. 

6j  comjwessing  the  heart  at  the  auriculo-ventricular  groove,  the  ratio  of  auricular  and  ventricular 

beats  alters,  and  instead  of  being  I  :  I,  there  may  be  2,  3,  or  more  auricular  heats  lor  each  beat 

A    II     III     IV 
of  the  ventricle,  expressed  thus —  vr»   y*   —r-*   "r*      After  the  heart  is  fixed  by  the  clamp, 

levers  are  placed  horizontally  above  and  below  the  heart.  These  levers  are  fixed  to  a  part  of 
the  aorides  and  to  the  I4>ex  by  means  of  threads.  EUich  part  of  the  heart  attached  to  a  levrr,  as 
it  coBtracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  contraction  may  be 
registered.  This  method  is  applicable  for  studying  the  efiect  of  the  vagus  and  other  nerves  upon 
the  heart.] 

(3)  Section. — A.  Fick  showed  that  the  process  of  excitement  in  the  con- 
tractile tissue  of  the  frog's  heart  is  propagated  in  all  directions  (1874),  so  that 
to  a  certain  extent  the  whole  frog's  heart  behaves  like  one  continuous  muscular 
fibre ;  thus  one  transverse  cut  into  the  ventricle  does  not  prevent  contraction 
from  taking  place  in  the  separated  parts.  Engelmann's  experiments  also  show 
that  if  the  ventricle  of  a  frog's  heart  be  cut  up  into  two  or  more  strips  in  a 
zig-zag  way,  so  that  the  individual  parts  still  remain  connected  with  each  other 
by  muscular  tissue,  the  strips  still  beat  in  a  regularly  progressive  rhythmical 
manner,  provided  one  strip  is  caused  to  contract.  The  rapidity  of  the  trans- 
mission is  about  10  to  15  mm.  per  sec.  Hence  it  appears  that  the  conducting 
paths  for  the  impulse  causing  the  contraction  are  not  nervous,  but  must  be  the 
contractile  mass  itself.  It  has  not  been  proved  that  nerve-fibres  proceed  from 
the  ganglia  to  all  the  muscles. 

[According  to  Marchand's  experiments,  it  takes  a  very  long  time  for  the  excitement  to  pass 
from  the  auricle  to  the  ventricle — a  much  longer  time,  in  fi^rt,  than  it  would  require  to  conduct 
the  excitement  through  muscle — so  that  it  is  probable  that  the  propagation  of  the  impulse  from 
die  auricles  to  the  ventricle  is  conducted  by  nervous  channels  to  the  auriculo-ventricular  nervous 
Apparatus.  In  fact,  in  the  mammalian  heart  the  muscular  fibres  of  the  auricles  are  quite  distinct 
from  those  of  the  ventricles.] 

(4)  When  the  apex  of  a  frog's  heart  is  ligatured  off  from  the  rest  of  the  heart, 
it  no  longer  pulsates  (^Heidenhain^  Goltz)^  but  such  an  apex,  if  stimulated 
directly,  e,g.j  by  a  prick  of  a  pin,  resix>nds  with  a  single  contraction.  If  the 
''heart-apex"  be  filled  with  normal  saline  solution  under  pressure,  which  acts 
as  a  stimulus,  the  heart  begins  to  pulsate,  and  the  same  is  the  case  with  a  solu- 
tion of  delphinin  or  quinine.  If  a  cannula  be  tied  into  the  heart  over  the 
auriculo-ventricular  groove,  the  ventricle  does  not  beat,  but  if  the  ventricle  be 
filled  through  the  cannula  wit)i  blood  containing  oxygen,  under  a  constant  and 
safiicient  pressure,  it  pulsates  {Ludwig  and  Merunowicz), 

[(5)  Luciani  found  that  a  heart  ligatured  above  the  auriculo-ventricular  groove, 
when  filled  with  pure  serum,  produced  groups  of  pulsations  with  a  long  diastolic 
pause  between  every  two  groups  (fig.  69).  The  successive  beats  in  each  group 
asume  a  "staircase"  character  (p.  100).    These  periodic  groups  undergo  many 
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changes ;  they  occur  when  the  heart  is  filled  with  pure  serum  free  from  blood- 
corpuscles,  and  they  disappear  and  give  place  to  regular  pulsations  when  defib- 
rinated  blood  or  serum  containing  haemoglobin  or  normal  saline  solution  is 
used  (J^ossbach),  They  also  occur  when  the  blood  within  the  heart  has  become 
dark-colored,  1.  ^.,  when  it  has  been  deprived  of  certain  of  its  constituents, 
and  if  a  trace  of  veratrin  be  added  to  bright  red  blood  they  occur.] 

(6)  An  apex  preparation,  when  stimulated  with  even  a  weak  induction  shock, 
always  gives  its  maximal  contraction,  and  when  a  tetanizing  current  is  applied 
tetanus  does  not  occur  {^Kronecker  and  Stirling),  When  the  opening  and  clos- 
ing shocks  of  a  sufficiently  strong  constant  current  are  applied  to  the  heart-apex, 
it  contracts  with  each  closing  or  opening  shock.  [When  a  constant  ciurent  is 
applied  to  the  lower  two-thirds  of  the  ventricle  (heart-apex),  under  certain  con- 
ditions the  apex  contracts  rhythmically.  This  is  an  important  fact  in  connection 
with  any  theory  of  the  cardiac  beat.] 

(7)  If  the  bulbus  aortae  (frog)  be  ligatured,  it  still  pulsates,  provided  the 
internal  pressure  be  moderate.  Should  it  cease  to  beat,  a  single  stimulus  makes 
it  respond  by  a  series  of  contractions.  Increase  of  temperature  to  35°  C,  and 
raising  the  pressure  within  it,  increase  the  number  of  pulsations  (Engelmann). 

Action  of  Fluids. — Haller  was  of  opinion  that  the  venous  blood  was  the 
natural  stimulus  which  caused  the  heart  to  contract.  That  this  is  not  so  is 
proved  at  once  by  the  fact  that  the  heart  beats  rhythmically  when  it  contains 
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Four  groups  of  pulsations  with  intervening  pauses,  with  their  **  staircase ''  character.    The 

points  on  the  abscissa  were  marked  every  10  seconds. 

no  blood.  Blood  and  other  fluids  which  are  supplied  to  an  excised  heart  are 
not  the  cause  of  its  rhythmical  movements,  but  only  the  conditions  on  which 
these  movements  depend. 

[Methods. — The  study  of  the  action  of  fluids  upon  the  excised  frog's  heart  has  been  rendered 
possible  by  the  invention  of  Ludwig's  ^*  frog-manometer."  The  apparatus,  as  modified  by 
Kronecker  (fig.  70),  consists  of  (i)  a  double-way  cannula,  c^  which  is  tied  into  the  heart,  k  \  (2) 
a  manometer,  m,  connected  with  r,  and  registering  the  movements  of  its  mercury  on  a  revolv- 
ing cylinder,  cyl\  (3)  two  Marriotte's  flasks,  a  and  by  which  are  connected  with  the  other  limb 
of  the  cannula.  Either  ^^  or  ^  can  be  placed  in  communication  with  the  interior  of  the  heart 
by  means  of  the  stop-cock,  5.  To  the  fluid  in  one  graduated  tube  may  be  added  the  substance 
whose  effect  on  the  heart  it  is  proposed  to  investigate,  while  the  fluid  in  the  other  vessel 
remains  without  the  addition  of  any  substance  and  can  be  used  as  a  control-fluid ;  </  is  a  glass 
vessel  for  fluid,  in  which  the  heart  pulsates,  X  and  e  are  electrodes,  e  is  inserted  into  the  fluid  in 
</,  e^  is  attached  to  the  German  silver  cannula  which  is  shown  in  fig.  71.] 

[In  the  tonometer  of  Roy  (figs.  72  and  73)  the  ventricle,  ^,  or  the  whole  heart,  is  placed  in 
an  air-tight  chamber,  ^,'filled  with  oil.  As  bdbre,  a  *'  perfusion  "  cannula  is  tied  into  the  heart. 
A  piston,  /,  works  up  and  down  in  a  cylinder,  and  is  adjusted  by  means  of  a  thin  flexible  animal 
membrane,  such  as  is  used  by  perfumers.  Attached  to  the  piston  by  means  of  a  thread  is  a 
writing-lever,  /,  which  records  the  variations  of  pressure  within  the  chamber,  0.  When  the 
ventricle  contracts,  it  becomes  smaller,  diminishes  the  pressure  within  o^  and  hence  the  piston 
and  lever  rise;  conversely,  when  the  heart  dilates,  the  lever  and  piston  descend.  Variations  in 
the  volume  of  the  ventricle  may  be  registered  without  in  any  way  interfering  with  the  flow  of 
fluids  through  it.] 

[Two  preparations  of  the  fh)g*s  heart  have  been  used — (i)  The  "  heart,"  in  which  case  the 
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.^■•nnit^a  is  intiodaced  into  the  heart  through  the  sinus  venotos,  aud  a  ligature  b  tied  over  it 
around  the  auricU^  t.  e.^  above  the  aariculo- ventricular  groove.  Thus  the  auriculo- ventricular 
ganglia  and  other  nervous  structures  remain  in  the  preparation.  This  was  the  heart  [>reparation 
employed  by  Luciani  and  Rossbach.  (2)  In  the  "  heart-apex  *'  or  apex  preparation,  the 
caPDula  is  introduced  as  before;  but  the  ligature  is  tied  on  it  over  the  ventricle  several  millimetres 
helaw  the  auriculo-ventricular  groove,  so  that  this  preparation  contains  none  of  the  auriculo- 
veocricular  ganglia,  and,  according  to  the  usual  statement,  this  part  of  the  heart  is  devoid  of 
nerve  ganglia.  This  is  the  preparation  which  was  used  by  Bowditch,  Kronecker  and  Stirling, 
Memnowicz,  and  others.] 

[The  Brst  effect  of  the  application  of  the  ligature  in  both  cases  b,  that  both  preparations  cease 
to  beat,  but  the  "  heart "  usually  resumes  its  rhythmical  contractions  within  several  minutes, 
while  the  "  heart-apex"  does  not  contract  spontaneously  until  after  a  much  longer  time  (10  to 
90  mins.).] 

[If  the  '*  heart-apez  "  be  filled  with  a  o  6  per  cent,  solution  of  common  salt,  the  contracdons 
are  at  first  of  greater  extent,  but  they  afterwards  cease,  and  the  preparation  passes  into  a  condition 
of  *'  api>arent  death,"  lasting  30-90  mins.;  while,  if  the  action  of  the  fluid  be  prolonged,  the  heart 
may  not  contract  at  all,  even  when  it  b  stimulated  electrically  or  mechanically.    It  may  be  made, 


Scheme  of  Kronecker's  frog-mano- 
meter, tf,  ^,  Marriotte's  flasks  for 
the  nutrient  fluids;  x,  stop-cock ;  r, 
cannula ;  m,  manometer ;  ^,  heart ; 
1/,  glass  cup  for  h  ;  ^,  ^,  ele<krodes ; 
cyl,  revolving  cylinder. 


Fig.  71. 

Perfusion  cannula  for  a  fi^*s 
heart  ^,  for  fixing  an  elec- 
trode ;  (/,  the  heart  is  tied 
over  die  flanges  preventing 
it  from  slipping  out ;  ^,  sec- 
tion of  </. 


however,  to  pulsate  again,  if  it  be  supplied  with  saline  solution  containing  blood  (i  to  10  per 
cent.).  If  the  ventricle  be  nipped  with  wire  forceps  at  the  junction  of  the  upper  witn  its  middle 
third,  so  as  to  separate  the  lower  two-thirds  of  the  ventricle,  physiologically  but  not  anatomically, 
from  the  rest  of  the  heart,  then  the  apex  will  cease  to  contract,  although  it  is  still  supplied  with 
the  fret's  own  blood  (BemsiaHf  Baufditch).  The  physiologically  isolated  apex  may  be  made 
to  beat  by  clamping  the  aortic  branches  so  as  to  prevent  blood  passing  out  of  the  heart,  and  thus 
raising  the  intracardiac  pressure.  The  rate  of  the  beat  of  the  apex  is  independent  of  and  slower 
than  that  of  the  rest  of  the  heart.  This  experiment  proves  that  the  amount  of  pressure  within 
the  apex-cavity  is  an  important  factor  in  the  causation  of  the  spontaneous  beats  of  the  apex.  If 
blood-serum,  to  which  a  trace  of  delphinin  b  added,  be  transfi)sed  or  "  perfused ^^  through  the 
heart,  the  heart  begins  to  beat  within  a  minute,  continues  to  beat  for  several  seconds,  and  then 
stands  still  in  diastole  [Binuditch).  Quinine  and  a  mixture  of  atropine  and  muscarin  have  a 
similar  action.  These  experiments  show  XhsX^  provided  no  nervous  apparatus  exists  xvithin  the 
heart-apex,  the  cause  of  the  varying  contraction  is  to  be  sought  for  in  the  musculature  of  the 
heart,  and  that  the  stimulus  necessary  for  the  systole  of  the  heart's  apex  may  arise  within  itself. 
If  there  U  no  nervous  apparatus  of  any  kind  present,  then  we  must  assume  that  the  heart-muscle 
may  execute  rhythmical  movements  independently  of  the  presence  of  any  nervous  mechanism, 
although  it  b  usually  assumed  that  the  ganglia  excite  the  heart-muscle  to  pulsate  rhythmically. 
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IS  unictnra,  which 


It  ii  by  no  means  dtfinitely  provid  Vaai  the  beut-Epex  ii  devoid  of  all  d 

mar  act  as  originators  of  ibtie  rhylhinical  impubei.] 
[Action  of  Drugs. — If  the  heart'apex  contains  no  nervous  Mnictures,  it  mast  form  a  good 

object  for  Ihe  itudjr  of  the  actioD  of  dn^  on  the  cardiac  imucle.  Some  of  these  have  been 
mentioned  already.  Ringer  finda  that  a  calcium 
salt  makes  thecontraclions  higher  and  longer. 
Dilute  acida  added  10  saline  solution,  t.  g., 
lactic,  cause  complete  relaxation  of  the  cardiac 
musculature,  while  dilute  alkalieu  produce  an 
opposite  effect  or  tonie  contraction,  even  though 
the  apex  be  not  pulsating.  The  action  of  a 
dilute  acid  may  be  set  aside  by  a  dilute  alkali 
and  viee  vtrsd.  Digitalin,  wttiaiiD,  barium, 
and  veratria  act  like  alkalies,  wbiie  saponin, 
muscafin,  and  pilocarpin  have  the  effect  of 
acids  (}  65).  An  isolated  frog's  heart,  fatigued 
after  t>eing  supplied  with  a  lointion  of  blood. 
is  caused  to  bnt  more  vigorously  by  a  solution 
of  krealinin,  or  extract  of  meat  {/ffays).'\ 

iThe  "  heart "  preparition  in  many  respects 
aves  like  the  foregoing,  ■'.  t.,  it  is  exhausted 
alter  a  lime  by  the  continued  application  o( 
normal  saline  solution  (0.6  per  cent  NaCl). 
while  its  activity  may  be  restored  by  supplying 
it  with  albuminous  and  other  fluids  (p.  93).] 

II.  Direct   Stimulation  of  the 

Heart. — All  direct  cardiac  stimuli  act 

more  energetically  on  the  inner  than 

Pig,  n2_  on  the  outer  surface  of  the  heart.     If 

Roy's  tonometer,  as  made'  by   the  Cambridge  "'^^''S  Stimuli  are  applied  for  too  long 

Scientific  Instrument  Company.  »  '""c,  the  ventricle  is  the  part  first 

paralyzed. 


:s  (1644)  observed  that  heat  increased  the  number  of  pulsations  of  ai 

'     '  ^mperalure  increases,  the  number  of  beats  is  at  (int  considerably 
'    '  '      vards  the  beats  again   become  fewer,  and  if  the 

temperature  is  raised  above  a  cerlaio  limit  the  heart  stands  still,  the 
myosin  of  which  its  fibres  corksist  is  coagulated,  and  "taeat-iigor" 
occurs.  Even  before  this  stage  is  reached,  however,  the  heart  may 
stand  still,  the  muscular  fit^'es  appearing  to  remain  contracted.  The 
ventricles  usually  cease  to  beat  before  the  auricles  [Sthelste).  The 
me  and  txleni  of  the  contractions  increase  up  to  about  20°  C,  but 
aixjve  this  point  ihey  diminish  (fig,  74).  The  limi  occupied  by  any 
single  contraction  at  20°  C.  is  only  about  ^  of  the  time  occupied 
by  a  contraction  occurring  at  5°  C.  A  heart  which  has  becnw  armed 
is  capable  of  reacting  pretty  rapidly  to  intermittent  stimuli,  white  a 
iieart  at  a  low  temperature  reacts  only  to  stimuli  occurring  at  a  con- 
siderable interval  \Gaulf). 

Cold.— When  tJie  temperature  of  the  blood  is  diminished,  the  heart 

\^e   *xw»  more  slowly.    A  fit^'s  heait,  placed  between  two  watch-glasses 

and  laid  on  ice,  beats  very  much  more  slowly.     The  pulsations  of  a 

fr<^'s  heart  stop  when  the  hea"  ■- 


^^^^^^^^^^  a  temperature  of  4°  C, 

to  0°.  If  a  frog's  heart  be  taken 
out  of  warm  water,  and  suddenly 

0,  air-tight  chamber;     pl«ced    upon   ice,  il    beats    more 

,  outflow  lube.  rapidly,  and   conversely,   if  il  be 

taken  from  ice   and  placed  over 

rst  and  more  rapidly  afterwards  i^Arutimi). 

a  heart  may  be  studied  by  the  aid  of  the  frog-manotneler, 
d  in  which  the  heart  is  placed  being  raised  to  any  temperature  required.  For  demonslra- 
rposes,  the  heart  of  a  pithed  frog  is  excised  and  placed  on  a  glass  slide  under  a  light 


Fig-  73- 
Roy's  heart  tonometer,    k,  heart; 
p,  piston;  /,  writing-lever;  . 
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lever,  lueh  u  >  itnw.     The  slide  is  warmed  bjr  meani  of  s  spirit!  unp.     Id  this  wajr  the 
Irtqaeacy  and  amplitude  of  Ihe  cootnctioni  are  readil;  made  visible  at  a  distance.] 

(4)  Hecbanlcal  Stimuli. — Pressure  applied  to  the  heart  lirom  without  accelerates  ill  action. 

Id  the  case  of  Frau  SeraliQ,  v.  Ziemsseo  found  that  slight  pressure  on  [he  auriculo-ventricalar 

groove  earned  a  second  short  coutiaclion  of  both  veoliicles  aher  the  heart-beat.    Strong  pretture 

erases  a  very  irr^ular  action  of  the   cardiac    muscle.      This  may  readily  be   produced   bjr 

compressing  the  freshlj'  exciled  heart  of  a  dog  between  Ihe 

^ fii^en.  The  intrA-cardiac  prcBflure  also  affects  the  heart- 

^**t  (p.  97).  If  the  preuure  within  ihc  heart  be  increased, 
the  hean-beati  are  gndualiy  increasedj  if  it  be  diminished, 
the  Dumber  of  beats  diminishes  {Ludwi^  and  Thiry).  If  the 
inlrs-caidiac  preasare  be  very  greatly  mcressed,  the  heart's 
action  tiecomeiveiy  irreguUr  and  slower.  A  heart  which  has 
ceased  to  beat  may  under  certain  circumstances  be  caused  to 
execute  a  tingle  contraction  if  it  be  stimulated  mechanically, 
(f)  Electrical  Stimuli. — A  conataat  electrical  current 
of  moderate  strength  increaseB  the  nombcr  of  heart-beats. 
V.  Ziemssen  found,  in  the  case  of  Frau  Serafin  (^  47,  3), 
that  the  number  of  beats  was  doubled  while  a  constant  un- 
interrupted  strong  current  was  passed  through  the  ventricles. 
{If  the  coostBttt  current  be  very  stroi^,  or  if  tetaniiin;  . 


Fig.  74. 
A,  contraction  of  a  frog's  heart  at  l-f  C;  B,  at  34"  C. ;  C,at3°C. 

ioductioD  cuTTcntB  be  applied  to  the  heart,  t.  g.,  of  a  dog,  the  normal  heart-beat  ii  abolubed, 
the  reotticolar  muscle  tieiilg  throwo  into  a  slate  of  irregular,  arhythmic  coolradion,  whilst  Iher  : 
is  a  great  fall  of  blood-pressure  {Ludung  and  Upffd).  This  condition  is  ipoken  of  as  delirium 
cordis  or  fibrillar  coDtraction.  It  a  caused  by  some  change  in  the  muscular  dbres  of  the 
venliicle*  themselves  ;  the  movements  are  very  complex,  last  long,  and  occur  rapidly ;  the  per- 
sistence seems  to  be  due  to  the  greet  eicitolnUty  of  the  vcniricuUr  tissue.  It  appcais  to  consist 
of  ■  rapid  successloo  of  IncoOrdinated  peristaltic  contractions,  which  may  be  brought  about  as 
described  abore,  or  by  the  action  of  some  depressing  agents,  f ,  ^. ,  potassic  bromide.  These  yen- 
liicular  fibrillar  contractions  are  not  affected  by  stimulation  of  Ihe  vagus.  Similar  electrical 
ttimulalion  of  the  auricles  causes  a  fluttering  movemeot,  more  lilie  a  SEiies  of  conlraclions,  with- 
out any  distinct  sign  of  incoardi nation.  These  auricular  movements  are  arrested  by  stimulatioD 
of  the  vagus  [MaclVilliam'].']  If  the  auric  ulo-venliicular  groove  be  compressed  so  as  to  cause  the 
venliicle  of  a  fret's  heart  to  cease  to  beat,  on  placing  one  electrode  of  a  constant  current  on  the 
ventricular  wall  and  the  other  electrode  on  an  iodifleieol  part  of  the  body,  we  obtain,  on  making 
the  cutTCDt,  a  systolic  cootraction  of  the  ventricle  only  when  the  cathode  touches  the  ventricle  ; 
and  conversely  on  breaking,  only  when  the  anode  is  on  the  heart  (BitdirmanH). 

When  a  single  induction  shock  is  applied  to  the  ventricle  of  a  frog's  heart  during  systole,  il 
has  DO  apparent  effect ;  but  if  it  is  applied  during  diastole,  the  succeeding  contraction  takes 
place  sooDcr.  The  auricles  and  also  the  apei  behave  in  a  similar  maoncr.  Whilst  they  are- 
contracted,  an  induction  shock  has  no  effect;  if,  however,  the  stimulus  is  applied  during 
diastole,  it  causes  a  contraction,  which  is  followed  by  systole  of  the  ventricle.  Even  when  strong^ 
tetiniiing  induction  shocks  are  applied  to  the  heart,  tbey  do  not  produce  lelanus  of  the  entire- 
caidiac  moaculature,  or,  as  il  is  said,  "  the  heart  knows  no  lelanus  "  i^Kronickir  and  Stirling). 
Small  white,  local  wheal-like  elevations — such  as  occur  when  the  intestinal  musculature  is. 
Mimnlated— appear  between  the  electrodes.  Tliey  may  last  several  minutes.  A  fiog's  heart,, 
which  yields  weak  and  irr^ular  contractions,  may  be  made  to  execute  regular  rhythmical  con- 
tracIioDs  synchrorHHis  with  the  stimuli,  if  electrical  stimuli  are  used  (BmadiUh). 

[Break  induction  shocks,  if  of  sufficient  strength,  cause  the  heart  to  contract,  while  weak 
aitnuli  have  no  effect;  on  the  other  hand,  moderate  stimuli,  when  they  do  cause  the  heart  to 
contract,  always  cause  a  maximal  contraction,  so  that  a  minimal  stimulus  acts  at  the  same  tim<; 
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like  a  maximal  stimulus.  The  heart  either  contracts,  or  it  does  not  contract,  and  when  it  coo- 
tracts  the  result  b  always  a  **  maximal  contraction  "  {Kronecker  and  S/ir/ittg).^  Bowditch  found 
that  the  excitability  of  the  heart  was  increased  by  its  own  movements,  so  thai  after  a  heart  bad 
once  contracted,  the  strength  of  the  stimulus  required  to  excite  the  next  contraction  may  be 
greatly  diminished,  and  yet  the  stimulus  be  effectual.  Usually  the  amplitude  of  the  first  beat 
so  produced  is  not  s)  great  as  the  second  beat,  and  the  second  is  less  than  the  third,  so  that  a 
••  staircase"  ("  Treppe")  of  beats  of  successively  greater  extent  was  produced  (fig.  69).  Under 
certain  circumstances,  however,  a  skeletal  muscle  gives  contractions  of  a  *' staircase"  character. 
This  staircase  arrangement  occurs  even  when  the  strength  of  the  stimulus  is  kept  constant,  so 
that  the  production  of  one  contraction  facilitates  the  occurrence  of  the  succeeding  one.  A 
staircase  arrangement  of  the  pulsations  is  also  seen  in  Luciani's  groups  (p.  96).  The  question, 
whether  a  stimulus  will  cause  a  contraction,  depends  upon  what  particular  phase  the  heart  is  in 
when  the  shock  is  applied.  Even  comparatively  weak  stimuli  will  cause  a  heart  to  contract, 
provided  the  stimuli  are  applied  at  the  proper  moment  and  in  the  proper  tempo,  t.  e.  to  say,  they 
become  what  are  called  '*  infallible."  If  stimuli  are  applied  to  the  heart,  at  inttrvals  which  are 
longer  than  the  time  th6  heart  takes  to  execute  its  contraction,  they  are  effectual  or  "adequate," 
but  if  they  are  applied  before  the  period  of  pulsation  comes  to  an  end,  then  they  are  ineffectual 
{^Kronecker).  It  is  quite  clear,  therefore,  that  the  relation  of  the  strength  of  the  stimulus  to 
the  extent  of  the  contraction  of  the  cardiac  muscle  is  quite  different  from  what  occurs  in  a  muscle 
of  the  skeleton,  where  within  certain  limits  the  amplitude  of  the  contraction  bears  a  relation  to 
the  stimulus,  while  in  the  heart  the  contraction  is  always  maximal.'X 

Human  Heart. — V.  Ziemssen  found  that  he  could  not  alter  the  heart- beats  of  the  human 
heart  (^Frau  Serafin^  \  47,  3),  even  with  strong  induction  currents.  The  ventricular  diastole 
seemed  to  be  less  complete,  and  there  were  irregularities  in  its  contraction.  By  opening  and 
closing,  or  by  reversing  a  strong  constant  current  applied  to  the  heart,  the  number  of  beats 
was  increased,  and  the  increase  corresponded  with  the  number  of  elearical  stimuli ;  thus,  when 
the  electrical  stimuli  were  120,  140,  180,  the  number  of  heart-beats  was  the  same,  the  pulse 
beforehand  being  80.  The  normal  pulse-rate  of  80  was  reduced  to  60  and  50  when  the  number 
of  shocks  was  reduced  in  the  same  ratio.  [In  Frau  Serafin's  case  the  electrodes  were  applied  to 
the  heart,  separated  from  it  merely  by  the  pericardium.  Ziemssen  found  that  the  Faradic  current 
did  not  modify  the  heart's  action  when  the  thorax  was  intact,  but  that  the  constant  current  did, 
if  of  sufficient  strength.  Herbst  and  Dixon  Mann  obtained  n^ative  results  with  both  kinds  of 
electricity  in  the  normal  thorax.] 

(d)  Chemical  Stimuli. — Many  chemical  substances,  when  applied  in  a  dilute  solution  to  the 
inner  surface  of  the  heart,  increase  the  heart-beats,  while  if  they  are  concentrated,  or  allowed  to 
act  too  long,  they  diminish  the  heart-beats,  and  paralyze  it.  Bile,  and  bile  salts,  diminish  the 
heart-beats  (also  when  they  are  absorbed  into  the  blood  as  in  jaundice) ;  in  very  dilute  solu- 
tions both  increase  the  heart-beats.  A  similar  result  is  produced  by  acetic,  tartaric,  citric,  and 
phosphoric  acids.  Chloroform  and  ether,  applied  to  the  inner  surface,  rapidly  diminish  the 
heart-beats,  and  then  paralyze  it ;  but  very  small  quantities  of  ether  (1  per  cent.)  accelerate  the 
heart-beat  of  the  frog  {Kronecker  and  Af  Gregor'Robertson)y  while  a  solution  o(  lj4  to  2  per 
cent,  passed  through  the  heart  arrests  it  temporarily  or  completely.  Dilute  solutions  of  opium, 
strychnia,  or  alcohol  applied  to  the  endocardium  increase  the  heart-beats;  if  concentrated  they 
rapidly  arrest  its  action.  Chloral-hydrate  paralyzes  the  heart  [Normal  saline  (0.6  per  cent. )  fails  to 
sustain  ventricular  contractions  in  the  excised  batrachian  and  eel's  heart.  When  the  saline  is  per- 
fused through  the  heart,  in  about  twenty  minutes  the  heart  ceases  to  l)eat  spontaneously,  and  is  in- 
excitable  to  strong  induction  shocks;  but  the  weakened  action  maybe  revived  by  perfusing  normal 
saline  saturated  with  calcium  phosphate  and  containing  a  trace  of  potassium  chloride  (Z^ingfr).'} 

Action  of  Oases. — When  blood  containing  different  gases  was  passed  through  a  frog's  heart, 
Klug  found  that  blood  containing  sulphurous  acid  rapidly  and  completely  killed  the  heart ; 
chlorine  stimulated  the  heart  at  first,  and  ultimately  killed  it ;  and  laughing*gas  rapidly  killed  it 
also.  Blood  containing  sulphuretted  hydrogen  paralyzed  the  heart  without  stimulating  it. 
Carbonic  oxide  also  paralyzed  it,  but  if  fresh  blood  was  transfused  the  heart  recovered.  [Blood 
containing  O  excites  the  heart  (Cast^//),  while  the  presence  of  much  CO,  paralyzes  it,  and  the 
presence  of  CO,  is  more  injurious  than  the  want  of  O.  Blood  or  serum  completely  saturated  with 
CO,  exhausts  the  heart  (Sa/tft  and  Kronecker),  but  it  recovers  itself  when  the  CO,  is  removed. 
H  and  N  have  no  effect.] 

Cardiac  Poisons  are  those  substances  whose  action  is  characterized  by  special  eflects  upon 
the  movements  of  the  heart.  Amongst  these  are  neutral  potash  salts,  which  cause  the  heart 
to  stand  still  in  diastole.  [An  excised  frog's  heart  ceases  to  5eat  after,  one  half  to  one  minute 
when  it  is  placed  in  a  2  per  cent,  solution  of  pofassic  chloride.]  Even  a  very  dilute  solution  of 
yellow  prussiate  of  potash  injected  into  the  heart  of  a  frog  causes  the  ventricle  to  stand  still  in 
systole.  Antiar  (Java  arrow-poison)  causes  the  ventricle  to  stand  still  in  systole  and  the  auricles 
in  diastole.  Some  heart-poisons,  in  small  doses,  diminish  the  heart's  action,  and  in  large  doses 
not  un frequently  accelerate  it,  ^.^.,  digitalis,  morphia,  nicotin.  Others,  when  given  in  small 
doses,  accelerate  its  action,  and  in  large  doses  slow  it — veratria,  aconitin,  camphor. 
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Special  Actions  of  Cardiac  Poisons. — The  complicated  actions  of  various  poisons  upon  the 
heart  have  led  observers  to  suppose  that  there  are  various  intra-cardiac  mechanisms  on  which 
these  substances  may  act.  Besides  the  muscular  fibres  of  the  heart  and  its  automatic  ganglia, 
some  toxicologists  assume  that  there  tut  inhibitory  ganglia  into  which  the  inhibitory  fibres  of 
the  vagus  pass,  and  accelerator  ganglia,  which  are  connected  with  the  accelerating  nerve-fibres 
of  the  heart.  Both  the  inhibitory  and  accelerator  ganglia  are  connected  with  the  automatic 
ganglia  by  conducting  channels. 

Muscarin  and  all  other  trimethylammonium  bases  stimulate  permanently  the  inhibitory 
ganglia,  so  that  the  heart  stands  still  {Schmiedeberg  and  Koppe),  [According  to  Gaskell,  how- 
ever, when  the  action  of  the  sinus  is  arrested  by  muscarin,  there  is  no  deflection  of  the  galvano- 
meter similar  to  that  produced  by  the  excitation  of  the  va^^us.  He  infers  that  muscarin  does  not 
cai2se  arrest  of  the  beat  by  acting  as  an  excitant  of  inhibitory  mechanisms,  but  as  a  depressant 
to  motor  activity.]  As  atropin  and  daturin  paralyze  these  ganglia,  the  standstill  of  the  heart 
brought  about  by  muscarin  may  be  set  aside  by  atropin.  [If  a  frog's  heart  be  excised  and  placed 
in  a  watch-glass,  and  a  few  drops  of  a  very  dilute  solution  of  muscarin  be  placed  on  it  with  a 
pipette,  it  ceases  to  beat  within  a  few  minutes,  and  will  not  beat  again.  If,  however,  the 
muscann  be  removed,  and  a  solution  of  atropin  applied  to  the  heart,  it  will  resume  its  con- 
tractions after  a  short  time.]  Physostigmin  or  Calabar  bean  excites  the  energy  of  the  cardiac 
muscle  to  such  an  extent  that  stimulation  of  the  vagus  no  longer  causes  the  heart  to  stand  still. 
lodine-aldehyd,  chloroform,  and  chloral-hydrate  paralyze  the  automatic  ganglia.  The  heart 
stands  still,  and  it  cannot  be  made  to  contract  again  by  atropin.  The  cardiac  muscle  itself 
remains  excitable  after  the  action  of  muscarin  and  iodine*aldehyd,  so  that  if  it  be  stimulated 
it  contracts.  [According  to  Gaskell,  antiarin  and  digitalin  solutions  produce  an  alteration  in 
the  conditions  of  the  muscular  tissue  of  the  apex  of  the  heart  of  the  same  nature  as  that  pro- 
duced by  the  action  of  a  very  dilute  alkali  solution,  while  the  action  of  a  blood -solution  contain- 
ing muscarin  closely  resembles  that  of  a  dilute  acid  solution  (p.  112,  J  ^5)-] 

[Some  Cardiac  Poisons. — The  cardiac  muscle  is  stimulated,  i,  e,,  its  contractions  become 
more  energetic,  the  rate  of  heart-beat  remaining  the  same  or  becoming  slower — under  the  influence 
of  verairia,  digitalin,  strophanthus,  antiarin,  etc.,  while  it  is  depressed — as  shown  by  diminished 
energy  of  contraction,  and  with  final  stoppage  in  diastole — by  muscarin,  pilocarpin,  saponin, 
apomorphin,  potash  salts  in  large  doses,  etc.  Guanidin,  physostigmin  and  camphor  will  cause 
the  heart  to  beat  rhythmically  after  complete  standstill  in  diastole  by  muscarin.] 

On  the  theory  that  inhibitory  ganglia  are  present  in  the  heart,  the  following  drugs — 
muscarin  and  physostigmin — by  stimulating  these  ganglia  cause  arrest  of  heart's  beat  in 
diastole,  but  the  heart  still  contracts  to  a  mechanical  or  electrical  stimulus.  These  ganglia  are 
depressed  or  paralyzed  by  atropin,  spartcin,  duboisin,  hyoscyamin,  daturin,  as  shown  by  the 
fisu:t  that  stimulation  of  the  vagus  or  the  sinus  venosus  no  longer  arrests  the  heart's  action,  nor 
does  the  application  of  muscarin  cause  any  effect. 

Nicotin,  saponin,  and  curare  depress  or  paralyze  the  vag^s-ends  in  the  heart,  as  shown 
by  the  fact  that  stimulation  of  the  vagus  itself  no  longer  slows  or  arrests  the  heart,  while  muscarin 
applied  to  the  heart,  or  stimulation  of  the  sinus  venosus,  will  do  so. 

[Drugs,  besides  acting  directly  on  the  cardiac  muscle,  or  its  intra-cardiac  nerve- ends  and 
ganglia  may  influence  the  heart  in  many  other  ways.  One  of  these  is  by  their  action  on  the 
va^us  centre  in  the  medulla  oblongata,  as  shown  by  the  fact  that  if  they  stimulate  this  centre 
the  slowing  of  the  heart-beats  thereby  produced  disappears  after  the  vagi  are  cut.  Amongst 
drags  acting  in  this  way  are  digitalis  and  aconite  (after  Boehm  and Brunton),"] 

[Nature  of  a  Cardiac  Contraction. — The  question  as  to  whether  this  is  a 
simple  contraction  or  a  compound  tetanic  contraction  has  been  much  discussed. 
So  much  is  certain,  that  the  systolic  contraction  of  the  heart  is  of  very  much 
longer  duration  (8  to  10  times)  than  the  contraction  of  a  skeletal  muscle  pro- 
duced by  stimulation  of  its  motor  nerve.  When  the  sciatic  nerve  of  a  nerve- 
muscle  preparation  is  adjusted  upon  a  contracting  heart,  a  simpU  secondary 
twitch  of  the  limb,  and  not  a  tetanic  spasm,  is  produced  when  the  heart  (auricle 
or  ventricle)  contracts.  This  of  itself  is  not  sufficient  proof  that  the  systole  is 
a  simple  spasm,  for  tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to  sec- 
ondary tetanus  in  the  leg  of  a  rheoscopic  limb.  Thus,  a  simple  **  initial" 
contraction  occurs  when  the  nerve  is  applied  to  a  muscle  tetanized  by  the 
action  of  strychnia,  -and  tlie  contracted  diaphragm  gives  a  similar  result.  The 
question  whether  the  heart  can  be  tetanized  has  been  answered  in  the  negative, 
and  as  yet  it  has  not  been  shown  that  the  heart  can  be  tetanized  in  the  same 
way  that  a  skeletal  muscle  is  tetanized.  1 

[MacWilliam  finds,  when  the  quadriceps  extensor  cruris  contracts   to  cause  the  knee-jerk, 
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tbal  a  sound  timiUr  lo  the  HrM  Muod  of  tfa«  heart  is  beaid.  As  the  fonner  is  reganled  as  a 
simple  conlraclion,  il  is  ai^pud  Ibal  a  simple  conlractioD  can  produce  ■  muicle-souDd.  Kredericq 
regards  the  Tentricular  sjrslole  not  as  a  simple  contraction,  bat  Bl  composed  of  three  or  more 
fused  conlraclions  corresponding  to  tetanus.  This  h«  conciades  from  a  studjr  of  cardtc^pvmt  as 
well  as  from  the  e1ectro-iiio(iv«  phenomena  of  the  heart.] 

The  peripheral  or  extra-cardiac  nerves  (§§  369  and  370). 

59.  CARDIO-PNEUMATIC  MOVEMENT.— As  the  heart  within 
(he  thorax  occupies  a  smaller  space  during  the  systole  than  during  the  diastole, 
it  follows  that  when  the  glottis  is  open  air  must  be  drawn  into  the  chest  when 
the  heart  contracts ;  whenever  the  heart  relaxes,  /.  e.,  during  diastole,  air  must 
be  expelled  through  the  open  glottis.  But  we  must  also  take  into  account  the 
degree  to  which  the  larger  intra-thoracic  vessels  are  filled  with  blood.  These 
movements  of  the  air  within  the  lungs,  although  slight,  seem  to  be  of  impor- 
tance in  hibernating  animals.  In  animals  in  this  condition  the  agitation  of 
the  gases  in  the  lungs  favors  the  exchange  of  CO)  and  O  in  the  lungs,  and  this 
slow  current  of  air  is  sufficient  to  aerate  the  blood  passing  through  the  lungs. 
[Ceradini  called  the  diminution  of  the  volume  of  the  entire  heart  which  occurs 
during  S)^tole  tneiocardia,  and  the  subsequent  increase  of  volume,  wheo  the 
heart  is  distended  to  its  maximum,  auxocardia.] 


^>g-  75- 

Landoii'  cardio- pneumograph,  and  the  curves  obtained  therewith.  A  and  B,  from  man;  I  and 
a  correspond  to  the  periods  of  the  first  and  second  hcart-sounds  ;  C,  (rom  dog ;  D,  method 
of  using  the  apparatus. 

Method. — A  manome/ric JItimc  may  be  used.  Insert  One  limb  of  a  Y-(ube  into  the  opened 
trachea  of  ao  aoimal,  while  ihe  other  limb  passes  to  a  small  gas-jet,  and  connect  (be  other 
lube  with  the  gas  supply.  The  movements  of  the  heart  affect  the  column  of  ga-i,  and  thus 
affect  the  flame.  It  may  also  be  done  in  man  by  inscning  the  lube  into  one  nostril,  while  the 
other  nostril  and  Ihe  mouth  aie  closed.  [A  simpler  and  less  irritating  plan  is  to  till  a  wide 
curved  glass-lube  with  tobacco  smoke,  and  insert  one  end  of  the  luhe  into  one  nostril  while  (be 
other  nostril  and  Ihe  mouth  are  closed.  If  the  glottis  be  kept  open,  and  respiration  be  stopped, 
then  (he  movemen(s  of  ihe  column  o(  smoke  wilhin  the  lube  are  obvious.  Or  a  manome(er 
cooiaining  a  drop  of  a  colored  fluid  may  be  used  underthe  same  conditions,] 

The  cardiac  pneumograph  (fig,  75)  consists  of  a  tube  (D),  about  I  inch  in  diameler  and 
6  lo  S  inches  in  length  ;  the  lube  is  bent  al  a  right  angle,  and  communicates  with  a  small  metal 
capsule  about  ihe  size  of  a  saucer  (T),  over  which  a  membrane  composed  of  collodion  and  castor 
oil  is  loosely  stretched.  To  this  membrane  is  allached  a  glass-rod  (H)  used  as  e  writing  style, 
which  records  its  movements  on  a  glass-plate  (S)  moved  by  cloclc-work,  A  small  valve  (K)  is 
placed  onlbe  side  of  the  tube  (D).  which  enables  the  experimenter  10  hieathe  when  necessary. 
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The  tube  (D)  is  held  in  an  air-tight  manner  between  the  lips,  the  nostrils  being  closed,  the 
glottis  open,  and  respiration  stopped.     In  the  curves  (fig.  75,  A,  B)  we  observe  that — 

(i)  At  the  moment  of  the  first  sound  (i)  the  respiratory  gases  undergo  9^  sh^rp  expiratory 
moTement,  becanse  at  the  moment  of  the  first  part  of  the  ventricular  systole  the  blood  of  the 
Tentricle  has  not  left  the  thorax,  while  venous  blood  is  streaming  into  the  right  auricle  through 
the  ven^  cavse,  and  because  the  dilating  branches  of  the  pulmonary  artery  compress  the  accom- 
panying bronchi.  The  blood  of  the  right  ventricle  has  not  yet  left  the  thorax,  it  passes  merely 
into  the  pulmonary  circuit.  The  expiratory  movement  is  diminished  somewhat  (a)  by  the  mus- 
cular mass  of  the  ventricle  occupying  slightly  less  bulk  during  the  contraction,  and  (/3)  owing  to 
the  thoracic  cavity  being  slightly  increased  by  the  fifth  intercostal  spmce  being  pushed  forward 
by  the  cardiac  impulse. 

(2)  Immediately  after  (i)  there  follows  a  strong  inspiratory  current  of  the  respiratory  gases. 
As  soon  as  the  blood  from  the  root  of  the  aorta  reaches  that  part  of  the  aorta  lying  outside  the 
thorax,  more  blood  leaves  the  chest  than  passes  into  it  simultaneously  through  the  vense  cavse. 

(3)  After  the  second  sound  (at  2),  indicated  sometimes  by  a  slight  depression  in  the  apex  of 
the  curve,  the  arterial  blood  accumulates,  and  hence  there  is  another  expiratory  movement  in  the 
curre. 

(4)  The  peripheral  wave-movements  of  the  blood  from  the  thorax  cause  anoth^  inspiratory 
movement  of  the  gases. 

(5 )  More  blood  flows  into  the  chest  through  the  veins,  and  the  next  heart-beat  occurs. 

60.  INFLUENCE  OF  THE  RESPIRATORY  PRESSURE 
ON  THE  HEART. 

The  variation  in  pressure  to  which  all  the  intra-thoracic  organs  are  subjected, 
owing  to  the  increase  and  decrease  in  the  size  of  the  chest  caused  by  the  respi- 
ratory movements,  exerts  an  influence  on  the  movements  of  the  heart.  Examine 
first  the  relations  in  diflerent  passive  conditions  of  the  thorax ^  when  the  glottis 
is  open. 

The  diastolic  dilatation  of  the  cavities  of  the  heart,  besides  the  pres- 
sure of  the  venous  blood  and  the  elastic  stretching  of  the  relaxed  muscle-wall, 
is  fundamentally  due  to  the  elastic  traction  of  the  lungs.  This  is  stronger 
the  more  the  lungs  are  distended  (inspiration),  and  is  less  active  the  more  the 
lungs  are  contracted  (expiration).     Hence  it  follows : — 

(i)  When  the  greatest  possible  expiratory  effort  is  made  (of  course,  with 
the  glottis  open),  only  a  small  amount  of  blood  flows  into  the  heart ;  the  heart 
in  diastole  is  small  and  contains  a  small  amount  of  blood.  Hence  the  systole 
must  also  be  small,  thus  causing  a  small  pulse-beat. 

(2)  On  taking  the  greatest  possible  inspiration  (with  the  glottis  open),  and 
therefore  causing  the  greatest  stretching  of  the  elastic  tissue  of  the  lungs,  the 
elastic  traction  of  the  lungs  is,  of  course,  greatest  =  30  mm.  Hg,  and  may 
interfere  with  the  contraction  of  the  thin-walled  atria  and  appendices,  in  conse- 
quence of  which  these  cavities  do  not  completely  empty  themselves  into  the 
ventricles.  The  heart  is  in  a  state  of  great  diastolic  distention,  and  filled  with 
blood ;  nevertheless,  in  consequence  of  the  limited  action  of  the  auricles,  only 
small  pulse-beats  are  observed.  In  several  individuals  Donders  found  the  pulse 
to  be  smaller  and  slower ;  afterwards  it  became  larger  and  faster. 

(3)  When  the  chest  is  in  a  position  of  moderate  rest,  whereby  the  elastic 
traction  is  moderate  =  7.5  mm.  Hg,  we  have  the  condition  most  favorable  to 
the  action  of  the  heart — sufficient  diastolic  dilatation  of  the  cavities  of  the  heart, 
as  well  as  unhindered  emptying  of  them  during  systole. 

Voluntary  increase  or  diminution  of  the  intra- thoracic  pressure 
aflects  the  action  of  the  heart. 

(i)  Valsalva's  Experiment  (1740). — If  the  thorax  is  fixed  in  the  position 
of  deepest  inspiration,  and  the  glottis  be  then  closed,  and  if  a  powerful  expira- 
tory effort  be  made  by  bringing  into  action  all  the  expiratory  muscles,  so  as  to 
contract  the  chest,  the  cavities  of  the  heart  are  so  compressed  that  the  circulation 
of  the  blood  is  temporarily  interrupted.  In  this  expiratory  phase  the  elastic 
traction  is  very  limited,  and  the  air  in  the  lungs  being  under  a  high  pressure 
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also  acts  upon  the  heart  and  the  intra- thoracic  great  vessels.  No  blood  can 
pass  into  the  thorax  from  without ;  hence  the  visible  veins  swell  up  and  become 
congested,  the  blood  in  the  lungs  is  rapidly  forced  into  the  left  ventricle  by  the 
coreipressed  air  in  the  lungs,  and  the  blood  soon  passed  out  of  the  chest,  so  that 
the  heart  and  lungs  contain  little  blood,  thus  leading  to  a  greater  supply  of 
blood  in  the  systemic  than  in  the  pulmonary  circulation  and  the  heart.  The 
heart-sounds  disappear,  and  the  pulse  is  absent  {E.  H.  Weber,  Danders). 

(2)  J.  Miillcr's  Experiment  (1838). — Conversely,  if  after  the  deepest 
possible  expiration  the  glottis  be  closed,  and  the  chest  be  now  dilated  with  a 
great  inspiratory  effort,  the  heart  is  powerfully  dilated,  the  elastic  traction  of 
the  lungs,  and  the  very  attenuated  air  in  these  organs,  act  so  as  to  dilate  the 
cavities  of  the  heart.    More  blood  flows  into  the  right  heart,  and,  in  proportion 
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Fig.  76. 
Appvatus  for  demonstraling  the  aclion  of  eipiralion  (I),  and  inspiralion  (II),  on  the  heart  aai 
blood-$ii-ea.ai.     P,  ^  lungi;  H.  i,  heart;  L,  /,  closed  gloUJs;  M,  »i,  nunomcteTS ;  E, ', 
iD-gomg  blood-stream,  vein;   A,  u,  out- going  blood-slream,  anery;   D,  diaphragm  during 
expiration;  i/,  during  id spiralion. 

as  the  right  auricle  and  ventricle  can  overcome  the  traction  outwards,  the 
blood-vessels  of  the  lungs  become  filled  with  blood,  and  thus  partly  occupy  the 
lung-space.  Much  less  blood  is  driven  out  of  the  left  heart,  so  that  the  pulse 
may  disappear.  Hence  the  heart  is  distended  with  blood  and  the  lungs  are 
congested,  while  the  aortic  system  contains  a  small  amount  of  blood,  /.  e.,  the 
systemic  circulation  is  comparatively  empty,  while  the  heart  aiid  the  pulmonary 
vessels  are  engorged  with  blood. 

In  normal  respiration,  the  air  in  the  lungs  during  inspiralion  is  under 
slight  pressure,  while  during  expiration  the  pressure  is  higher,  so  that  these  con- 
ditions favor  the  circulation ;  inspiration  favors  the  occurrence  of  diastole,  the 
supply  of  blood  (and  lymph)  through  the  vense  cavte.     In  operations  where  the 
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axillary  or  jugular  vein  is  cut,  air  may  be  sucked  into  the  circulation  during 
inspiration,  and  cause  death.  Expiration  favors  the  flow  of  blood  in  the  aorta 
and  its  branches,  and  aids  the  systolic  emptying  of  the  heart. 

The  elastic  traction  of  the  lungs  aids  the  lesser  circulation  through  the 
lungs ;  the  blood  of  the  pulmonary  capillaries  is  exposed  to  the  pressure  of  the 
air  in  the  lungs,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a  less 
pressure,  as  the  elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favors 
the  outflow  from  the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the 
lungs  acts  slightly  as  a  disturbing  agent  on  the  right  'ventricle,  and  therefore, 
on  the  movement  of  blood  through  the  pulmonary  artery,  owing  to  the  over- 
powering force  of  the  blood-stream  through  the  pulmonary  artery,  as  against 
the  elastic  traction  of  the  lungs  {Bonders). 

The  above  apparatus  (fig.  76)  shows  the  effect  of  the  inspiratory  and  expiratory  movements 
on  the  dilatation  of  the  heart,  and  on  the  blood-stream  in  the  large  blood-vessels.  The  large 
glass  vessel  represents  the  thorax;  the  elastic  membrane,  D,  the  diaphragm;  P,  /,  the  lungs f 
L,  the  trachea  supplied  with  a  stop-cock  to  represent  the  glottis;  H,  the  heart;  £,  the  venae 
cavae;  A,  the  aorta.  If  the  gloUis  be  closed^  and  the  expiratory  phase  imitated  by  pushing  up 
D  as  in  I,  the  air  in  P,  P  and  the  heart  H  are  compressed,  the  venous  valve  closes,  the  arterial 
B  opened,  and  the  fluid  is  driven  out  through  A.  The  manometer,  M,  indicates  the  intra- 
thoracic pressure.  If  the  glottis  be  closed,  and  the  inspiratory  phase  imitated,  as  in  11,/, /7, 
and  h  are  dilated,  the  venous  valve  opens,  the  arterial  valve  closes ;  hence,  venous  blood  flows 
from  e  into  the  heart.  Thus,  inspiration  always  favors  the  venous  stream,  and  hinders  the 
arterial ;  while  expiration  hinders  the  venous,  and  favors  the  arterial  stream.  If  the  glottis- 
L  and  /  be  open,  the  air  in  P,  P,  /,  ^,  will  be  changed  during  the  respiratory  movements  D  and 
d^  so  that  the  action  on  the  heart  and  blood-vessels  will  be  diminished,  but  it  will  still  persist, 
although  to  a  much  less  extent. 


The  Circulation  of  the  Blood. 

61.  FLOW  OF  FLUIDS  THROUGH  TUBES.— Toricclli's  Theorem  states  that 
the  velocity  of  efflux  {v)  of  a  fluid — ^through  an  opening  at  the  bottom  of  a  cyhndrical  vessel — 
is  exactly  the  same  as  the  velocity  which  a  body  Exiling  freely  would  acauire,  were  it  to  fell  from 
the  surface  of  the  fluid  to  the  base  of  the  orifice  of  the  outflow.  If  ^  be  the  height  of  the  pro- 
polling  force,  the  velocity  of  efllux  is  given  by  the  formula — 

V  =  •)/'2.gh  (where  g  =  9.8  metres). 

The  rapidity  of  outflow  increases  with  increase  in  the  height  of  the  propelling  force,  h.  The 
former  occurs  in  the  ratio  I,  2,  3,  when  h  increases  in  the  ratio  i)  4f  9,  f.  e-t  the  velocity  of 
efflux  is  as  the  square  root  of  the  height  of  the  propelling  force.  Hence  it  follows  that  the 
velocity  of  efflux  depends  upon  the  height  of  the  liquid  above  the  orifice  of  outflow,  and  not 
upon  the  nature  of  the  fluid. 

Resistance. — Toricelli's  theorem,  however,  is  only  valid  when  all  resistance  to  the  outflow 
is  absent ;  but  in  every  physical  experiment  such  resistance  exists.  Hence,  the  propelling  force, 
k^  has  not  only  to  cause  the  efflux  of  the  fluid,  but  has  also  to  overcome  resistance.  These  two 
forces  may  be  expressed  by  the  heights  of  two  columns  of  water  placed  over  each  other,  viz.,  by 
the  height  of  the  column  of  water  causing  the  outflow,  F,  and  the  height  of  the  column,  D, 
which  overcomes  the  resistance  opposed  to  the  outflow  of  the  fluid.     So  that 

>4  =  F  +  D. 

6a.  VELOCITY  OF  THE  CURRENT.  RESISTANCE.— In  the  case  of  a  fluid 
flowing  through  a  tube,  which  it  fills  completely,  we  have  to  consider  the  propelling  force,  hy 
causing  the  fluid  to  flow  through  the  various  sections  of  the  tube.  The  amount  of  the  propelling 
force  depends  upon  two  factors : — 

(l)  On  the  velocity  of  the  current^  v;  (2)  on  tht  pressure  (amount  oi  resistance)  to  which  the 
flmd  is  subjected  at  the  various  parts  of  the  tube,  D. 

(i)  The  velocity  of  the  ourent,  t/,  is  estimated — (a)  from  the  lumen,  /,  of  the  tube;  and  (b) 
from  the  quantity  of  fluid,  f ,  which  flows  through  the  tube  in  the  unit  of  time.  So  ihsXv=  q  :  /. 
Both  values,  q  as  well  as  /,  can  be  accurately  measured.  (The  circumference  of  a  circular  tube, 

3.14 
whose  diameter  =  </ is  3.14  d.    The  sectional  area  (lumen  of  the  tube)  is  /=  ~—d'^\  Hav- 
ing in  this  way  determined  v^  from  it  we  may  calculate  the  height ^f  the  column  of  fluid,  F,. 
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[Sec.  6a. 


which  will  give  this  velocity,  1. 1.,  tbe  height  from  which  >  hodj  mast  foil  in  lacno,  in  order  to 

allain  Ihe  velocity  v.     Id  this  cue  F:= wheie^^the  distance  tnvened  bjr  a  falliog  body  in 

I  sec.  =4.0metreil.  ^ 

meuured  directly  by  placing  manometen  at 


( 2)  The  presaurc,  D  (amount  of 
differenl  parts  of  the  tube  (tig.  78). 

The  propelling  force  at  any  part  of  the  tube  is — 


wA=- 


+  D  {Dondtrs). 


This  is  proved  eiperimcDtally  bj  laking  ■  till  cylindrical  vessel,  A,  of  sufficient  siie,  which  is 
kept  tilled  with  water  at  a  constant  level,  k.  The  rigid  outflow  tube,  a  b,  has  in  conneclioa  with 
it  a  number  of  lubes,  placed  vertically,  I,  2.  3,  conaituling  a  piezometer.  At  the  end  of  tbe 
tube,  b,  there  is  an  openinF  with  a  short  tube  fixed  !□  il.'from  which  the  water  issues  to  a  con- 
stant beight,provided  the  level  of  i  is  kept  conrtant.  The  height  to  which  ii  rises  depends  i 
the  height  of^the  column  of  fluid  causing  the  velocity,  F.  As  the  pressure  in  """ 
tubes,  D',  D',  D>,  can  be  read  off  directly,  the  [vopelling  force  of  the  water  a 
the  tubes,  I,  II,  III,  is— 

A  =  F  +  D'  i  F  +  D" ;  F  +  D». 

it  =  C 

*  the 


Fig.  77. 
Cylindrical  veuel  filled  with  water. 
k,  height  of  the  column  of  fluid; 
D,  height  required  to  overcome 
the  cesistBiice;  F,  height  causing 
tbe  efflux. 


Fig.  78. 

A,  cylindrical  vessel  filled  with  water;  a  b, 

outflow  tube,  along  which  are  placed 

at  intervals  vertical  tubes,   I,  1,  3,  to 

estimate  the  pretaure. 


force  of  the  water  gradually  diminishes  as  we  pass  fiom  the  ioHow  towards  the  outflow  of  the 
tube,  b.  The  water  in  ihe  pressure. cylinder,  falling  from  the  height,  h,  only  rises  as  high  as  F 
at  b.  This  diminulimiof  the  propeltini;power  is  due  to  the  presence  of  resistances,  which  OfXKHe 
tbe  current  in  the  tube,  i.t.,  part  of  the  euei^  is  transrormed  into  heat.  As  the  jHtipdltDg 
force  at  j  is  represented  only  by  F,  while  in  the  vmsel  it  is  h,  the  difierence  must  be  due  to  the 
sum  of  the  resistances,  D  =  .*  —  F ;  hence  il  follows  that  *  =  F  +  D. 

Estimation  of  the  Resistance. — When  a  fluid  flows  thtough  a  lube  of  uniform  calibre,  (he 

Eropelling  force,  h,  diminishes  from  point  to  point  on  account  of  (he  uniformly  acting  reustance, 
ence  (he  sum  of  the  resistance  in  Ihe  whole  tulie  is  directly  propottionsl  to  its  length.  In  a 
uniformly  wide  Cube,  fluid  flows  through  rich  sectional  area  with  eqaal  velocity,  hence  v  and 
also  F  are  equal  in  all  parts  of  (he  Cube.  The  diminution  which  h  (prcqielUng  force)  undergoes 
can  only  occur  from  a  diminution  of  pressure  D,  as  F  remains  the  same  throughout  (and 
k  =  ¥  -^  D).  Experiment  with  the  pressuic-cylinder  shows  that  the  pressure  towards  the 
outflow  end  of  the  lube  gradually  diminishes.  In  a  uniformly  viidi  lubt,  the  height  0/  tkt 
fretsure  in  the  manomtltrs  expresses  the  resislanies  opposed  ta  the  current  of  fiuid  -which  it  has 
te  in/ereome  in  Us  course  from  the  point  investigated  to  the  free  orifiee  ef  efflux. 

Nature  of  the  Reaiatance. — The  resistance  opposed  lo  the  How  oF  b  huid  depends  upon  the 
cohesion  of  the  particles  of  the  fluid  amongst  themselves.  During  the  current,  the  outer  layer 
of  Huid  which  is  neit  the  wall  of  tbe  tube,  and  which  moistens  it,  is  at  rest.  All  the  other 
layers  of  fluid,  which  may  be  represented  as  so  many  cylindrical  layers,  one  inside  the  other. 
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move  more  rapidly  as  we  proceed  towards  the  axis  of  the  tube,  the  axial  thread  or  stream  being 
the  most  rapidly  moving  part  of  the  liquid.  On  account  of  the  movement  of  the  cylindrical 
layers,  one  witlun  the  other,  a  part  of  the  propelling  enei^  must  be  used  up.  The  amount  of 
the  resistance  greatly  depends  upon  the  amount  of  the  cohesive  force  which  the  particles  of  the 
flokl  have  for  each  other ;  the  more  firmly  the  particles  cohere  the  greater  will  be  the  resistance, 
and  vice  vend.  Hence,  the  sticky  blood-current  experiences  greater  resistance  than  water  or 
ether. 

Heat  diminishes  the  cohesion  of  the  particles,  hence  it  also  diminishes  the  resistance  to  the 
onflow.  These  resistances  are  first  developed  by,  and  result  from,  the  movement  of  the  particles 
of  the  fluid,  they  being,  as  it  were,  torn  from  each  other.  The  more  rapid  the  current^  therefore, 
f .  e. ,  the  larger  the  number  of  particles  of  fluid  which  are  pulled  asunder  in  the  unit  of  time,  the 
^eater  will  be  the  sum  of  the  resistance.  As  the  layer  of  fluid  lying  next  the  tube,  and  moisten- 
ii^  it,  is  at  rest,  the  material  which  composes  the  tube  exerts  no  influence  on  the  resistance. 

Tubes  of  Unequal  Diameter. — When  the  velocity  of  the  current  is  uniform,  the  resistance 
depends  upon  the  diameter  of  the  tube — ^the  smaller  the  diameter  the  greater  the  resistance,  the 
greater  the  diameter  the  less  the  resbtance.  The  resistance  in  narrow  tubes,  however,  increases 
more  rapidly  than  the  diameter  of  the  tube  decreases,  as  has  been  proved  experimentally. 
In  tubes  of  unequal  calibre,  at  different  parts  of  their  course,  the  velocity  of  the  current  varies — 
it  is  slower  in  the  wide  part  of  the  tube  and  more  rapid  in  the  narrow  parts.  As  a  general  rule, 
in  tabes  of  unequal  diameter  the  velocity  of  the  current  is  inversely  proportional  to  the  diameter 
of  the  corresponding  section  of  the  tube;  t.  ^.,  if  the  tube  be  cylindrical,  it  is  inversely  propor- 
tional to  the  square  of  the  diameter  of  the  circular  transverse  section.  In  tubes  of  uniform 
diameter,  the  propelling  force  of  the  moving  fluid  diminishes  uniformly  from  point  to  point,  but 
in  tubes  of  unequal  calibre  it  does  not  diminish  uniformly.  As  the  resistance  b  greater  in 
narrow  tubes,  of  course  the  inropelling  force  must  dinunish  more  rapidly  in  them  than  in  wide 
tubes.  Hence,  within  the  wide  parts  of  the  tube  the  pressure  is  greater  than  the  sum  of  the 
resistances  still  to  be  overcome,  while  in  the  narrow  portions  it  is  less  than  these. 

Tortuosities  and  bending  of  the  vessels  add  new  resistance,  and  the  fluid  presses  more 
strongly  on  the  convex  side  than  on  the  concave  side  of  the  bend,  and  there  the  r^istance  to  the 
flow  is  greater  than  on  the  concave  side. 

Division  of  a  tube  into  two  or  more  branches  is  a  source  of  resistance,  and  diminishes  the 
propellii^  power.  When  a  tube  divides  into  two  smaller  tubes,  of  course  some  of  the  particles 
of  the  fluid  are  retarded,  while  others  are  accelerated  on  account  of  the  unequal  velocities  of  the 
different  layers  of  the  fluid.  Many  particles  which  had  the  greatest  velocity  in  the  axial  layer 
come  to  lie  more  towards  the  side  of  the  tube  where  they  move  more  slowly ;  and  conversely 
many  of  those  Ijrins  in  the  outer  layers  reach  the  centre,  where  they  move  more  rapidly.  Hence, 
some  of  the  propelling  force  is  used  up  in  this  process,  and  the  pulling  asunder  of  the  particles 
where  the  tube  divides  acts  in  a  similar  manner.  If  two  tubes yWi»  to  form  one  tube,  new  resist- 
ance  is  thereby  caused,  which  must  diminish  the  propelling  force.  The  sum  of  the  mean  veloci- 
ties in  both  branches  is  independent  of  the  angle  at  which  the  division  takes  place  {Jacobson). 
If  a  branch  be  opened  from  a  tube,  the  principal  current  is  accelerated  to  a  considerable  extent, 
no  matter  at  what  angle  the  branch  may  be  given  off. 

63.  FLOW  IN  CAPILLARY  TUBES.— PoiseuUle  proved  experimenUlly  that  the  flow 
in  the  capillaries  b  subject  to  special  conditions — 

(i)  The  quantity  of  fluid  which  flows  out  of  the  same  capillary  tube  is  proportional  to  the 
pressure. 

(2)  The  rime  necessary  for  a  given  quantity  of  fluid  to  flow  out  (with  the  like  pressure, 
diameter  of  tube  and  temperature),  is  proportional  to  the  length  of  the  tube. 

(3)  The  product  of  the  outflow  (other  things  being  equal)  b  as  the  fourth  power  of  the 
diameter. 

(4)  The  velocity  of  the  current  is  proportional  to  the  pressure  and  to  the  square  of  the 
diameter,  and  inversely  proportional  to  the  length  of  the  tube. 

(5)  The  resistance  in  the  capillaries  is  proportional  to  the  velocity  of  the  current. 

64.  FLOW  IN  ELASTIC  TUBES. — (i)  When  an  uninterrupted  uniform  current  flows 
through  an  elastic  tube,  it  follows  exactly  the  same  laws  as  if  the  tube  had  rigid  walls.  If  the 
propelling  power  increases  or  diminishes,  the  elastic  tubes  become  wider  or  narrower,  and  they 
behave,  as  far  as  the  movement  of  the  fluid  b  concerned,  as  wider  or  narrower  rigid  walls.  Hamel 
has  shown  that  elastic  tubes  transmit  more  fluid  when  they  undergo  a  rhythmical  pulsatory 
movement  than  when  the  fluid  flows  into  them  under  constant  pressure.  The  advantage  of 
rhythmical  impulses  for  the  onward  flow  in  relation  to  a  fluid  in  motion,  as  compared  with 
a  continuous  uniform  pressure,  seems  to  be  due  to  the  alternate  movement  keeping  the  elasticity 
of  the  arterial  walls  intact. 

(2)  Wave-Motion. — If,  however,  more  fluid  be  forced  in  jerks  into  an  elastic  tube,  t.  e,yin- 
terruptedly^  the  first  part  of  the  tube  dilates  suddenly,  corresponding  to  the  quantity  of  fluid 
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propelled  into  it.  The  jerk  communicates  an  oscillatory  movement  to  the  particles  of  the  flaid, 
which  is  communicated  to  all  the  fluid  particles  from  the  beginning  to  the  end  of  the  tube;  a 
positive  wave  is  thus  raffidly  propagated  throughout  the  whole  length  of  the  tube.  If  we  imagine 
the  elastic  tube  to  be  closed  at  its  peripheral  end,  the  positive  wave  will  be  reflected  from  the 
point  of  occlusion,  and  it  may  be  propagated  to  and  fro  through  the  tube  until  it  finally  dis- 
appears. In  such  a  closed  tube  a  sudden  jet  of  fluid  produces  only  a  wave-movement,  i.  e., 
only  a  vibratory  movement,  or  an  alteration  in  the  shape  of  the  liquid,  there  being  no  actual 
translation  of  the  particles  along  the  tube. 

(3)  If,  however,  fluid  be  pumped  interruptedly  or  by  jerks  into  an  elastic  tube  filled  with 
fluid,  in  which  there  is  already  a  continuous  current,  the  movement  of  the  current  is  combined 
with  the  wave  movement.  We  must  carefully  distinguish  the  movement  of  the  current  of  the 
fluid,  I.  e.,  the  translation  of  a  mass  of  fluid  through  the  tube,  from  the  wave-nnjrvement,  the 
oscillatory  movement,  or  movement  of  change  of  form  in  the  column  of  fluid.  In  the  former 
the  particles  are  actually  translated,  while  in  the  latter  they  merely  vibrate.  The  current  in 
elastic  tubes  is  slower  than  the  wave-movement,  which  is  propagated  with  great  rapidity,  lliis 
last  case  obtains  in  the  arterial  system.  The  blood  in  the  arteries  is  already  in  a  state  of  con- 
tinual movement,  directed  from  the  aorta  to  the  capillaries ;  by  means  of  the  systole  of  the  left 
ventricle  a  quantity  of  fluid  is  suddenly  pumped  into  the  aorta,  and  causes  a  positive  wave,  the 
pulse-wave  which  is  propagated  with  great  rapidity  to  the  terminations  of  the  arteries,  while 
the  current  of  the  blood  itself  moves  much  more  slowly. 

Rigid  and  Elastic  Tubes. — If  a  quantity  of  fluid  be  forced  into  a  rigid  tube  under  a  certain 
pressure,  the  same  quantity  of  fluid  will  flow  out  at  once  at  the  other  end  of  the  tube,  provided 
there  be  no  special  resistance.  In  an  elastic  tube,  immediately  after  the  forcing  in  of  a  quantity 
of  fluid,  at  first  only  a  small  quantity  flows  out,  and  the  remainder  flows  out  only  after  the 
propelling  force  has  ceased  to  act.  If  an  equal  quantity  of  fluid  be  periodically  injected  into 
a  rigid  tube,  with  each  jerk  an  equal  quantity  is  forced  out  at  the  other  end  of  the  tube,  and 
the  outflow  lasts  exactly  as  long  as  the  jerk  or  the  contraction,  and  the  pause  between  two 
periods  of  outflow  is  exactly  the  same  as  between  the  two  jerks  or  contractions.  In  an 
elastic  tube  it  is  different,  as  the  outflow  continues  for  a  time  after  the  jerk ;  hence  it 
follows  that  a  continuous  outflow  current  will  be  produced  in  elastic  tubes,  when  the  time 
between  two  jerks  is  made  shorter  than  the  duration  of  the  outflow  after  the  jerk  has  been 
completed.  When  fluid  is  pumped  periodically  into  rigid  tubes,  it  causes  a  sharp  abrupt  out- 
flow synchronous  with  the  inflow,  and  the  outflow  becomes  continuous  only  when  the  inflow 
is  continuous  and  uninterrupted.  In  elastic  tubes,  an  intermittent  current  under  the  above  con- 
ditions causes  a  continuous  outflow,  which  is  increased  with  the  systole  or  contraction. 

65.  STRUCTURE  AND  PROPERTIES  OF  THE  BLOOD 
VESSELS. — In  the  body  the  large  vessels  carry  the  blood  to  and  from  the 
various  tissues  and  organs,  while  the  thin-walled  capillaries  bring  the  blood  into 
intimate  relation  with  the  tissues.  Through  the  excessively  thin  walls  of  the 
capillaries  the  fluid  part  of  the  blood  transudes,  to  nourish  the  tissues  outside 
the  capillaries,  so  that  the  capillary  wall  is  permeable  to  fluids  and  gases,  and, 
we  shall  see,  also  to  the  red  and  white  corpuscles  of  the  blood.  [At  the  same 
time  fluids  pass  from  the  tissues  into  the  blood.  Thus,  there  is  an  exchange 
between  the  blood  and  the  fluids  of  the  tissues.  The  fluid  after  it  passes  into 
the  tissues  constitutes  the  lymph,  and  acts  like  a  stream  irrigating  the  tissue 
elements.] 

I.  The  arteries  are  distinguished  from  veins  by  their  thicker  waliSy  due  to 
the  greater  development  of  smooth  muscular  and  elastic  tissues — the  middle 
coat  (tunica  media)  of  the  arteries  is  specially  thick,  while  the  outer  coat  (t.  ad- 
ventitia)  is  relatively  thin.  [When  cut  across,  the  walls  do  not  collapse,  as  is 
the  case  with  the  thin-walled  veins.  The  absence  of  valves  is  by  no  means 
a  characteristic  feature.] 

A  t3rpi€al  artery  consists  of  three  coats  (flgs.  79,  80).  (i)  The  tunica  intima,  or  inner 
coat,  consists  of  a  layer  of  (^7)  irregular,  long,  fusiform,  nucleated,  squamous  cdls  forming  the 
excessively  thin  transparent  endothelium  immediately  in  contact  with  the  blood-stream.  [Like 
other  endothelial  cells,  these  cells  are  held  together  by  a  cement  substance,  which  is  blackened 
by  the  action  of  silver  nitrate  and  subsequent  exposure  to  light.]  Outside  this  lies  a 
very  thin,  more  or  less  fibrous,  layer — sub- epithelial  1ayer-:-in  which  numerous  spindle  or 
branched  protoplasmic  cells  lie  embedded  within  a  corresponding  system  of  plasma  canals. 
Outside  this  is  an  elastic  lamina  (^).  basement  membrane,  or  membrana  propria,  which  in  the 
smallest  arteries  is  a  structureless  or  fibrous  elastic  membrane — in  arteries  of  medium  size  it  is 
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1  fenesirMed  membrane  {NenJe),  while  id  the  targat  irteriei  there  may  be  tevenl  layeri  of 

cluiic  lamiiue  or  fenestTUed  cluiic  mtrmbrsne.  mixed  with  connective  tiuoe.     [Id  tome  annies 

tbe  elaMic  membrvne  is  tliatinctl;  fibroui,  the  fibres  being 

cfaieflf  aiTuiged  longitudinally.    It  can  be  stripped  olT,  when 

it  forms  ■  brittle  eIa»Uc  membrane,  which  hu  ■  great  lend' 

eney  to  curi  up  at  its  mar^ns.     In  b  transveise  section  of  a 

middle-xized  empty  ailery  it  appears  ai  a  bright  wavy  tine, 

but  the  curres  are  produced  by  the  partial  cullapte  of  the 

vcsicl.      It  forms  id  imponanl  guide  to  the  pathologist,  in 

enabliog  him    to  determine   which  coat  of  the   artery   is 

diseaied.]     In  middle-sifcd  and  large  arteries  a  few  oon- 

slriped  musctilar  fibres  are  disposed  /cji^VarfiBa/^  between 

the  elastic  platts  or  Umioa;.     Aloi^  with  the  ciicular  mua- 

calat  fibres  of  tlie  middle  coal,  they  may  act  so  as  to  narrow 

the  artery,  and  they  may  also  aid  m  keeping  the  lumen  of 

ihe  vessel  open  and  of  nnilbrm  caiilire. 

(z)  The  tunica  media, 01  middle  coat, contains  much 
non-stiiped  muscle  {c),  which  in  (he  smalltsi  arlerus,Boait- 
times  called  ar/triola,  consists  of  transversely  disposed 
non-striped  mnaciilar  fibres  lying  between  the  endothelium  M 
and  the  T.  adventiiia,  while  a  finely  granular  tissue  with  ' 
few  elastic  fibres  forms  the  bond  of  union  between  them. 
As  we  proceed  from  the  very  smallest  to  the  small  arteries, 
the  numbcir  of  muscular  fibres  become  ao  great  as  to  fonn  a 
well-marked  fibrous  tube  of  non-alriped  muacle,  in 
which  there  is  comparatively  liille  conn ec live-tissue.  In 
the  largt  arteries  the  amount  of  connective -tissue  is  con- 
sidetably  increased,  and  between  the  layers  of  fine  coti- 
nective-lissue  niimcrous  (as  many  as  50^  thick,  elastic 
fibrous  or  fenestrated  laminae  are  concenlncally  arranged. 
A  few  non-striped  fibres  lie  scattered  amongst  these,  and 

some  of  them  are  arranged  transversely,  while  a  few  have  Fig.  79.  1 

an  oblique  or  longitudinal  direction.  Coals  of  a  small  artery,   a,  endotbe- 

The  first  p«t  of  the  aorta  and  pulmonary  artery,  and  the        Hum;  *,  irtetnal  elastic  lamjoa; 
retina]   arleriei,  are  devoid   of  muscle.     The   descending      c,  circular  muscular  fibres  of  the 
aorta,  common  iliac,  and  popliteal  have  longitudinal  fibres       middle  coat ;  J,  the  outer  coat, 
between  tbe  transverse  ones.      Longitudinal   bundles  lying 

inside  the  media  occur  in  the  renal,  splenic,  and  internal  spermatic  arteries.    Longitudinal  bundles 
oct^r  both  on  the  outer  and  inner  surfaces  of  the  umbilical  arteries,  which  are  very  muscular. 


dioo  of  a  smaU  anery,  vein,  and'  nerve.  A,  artery ;  a,  it! 
f,  muscular  coat,  with  its  T<>d-^aped  nuclei;  >/,  adventilii 
J,  thin  elastic  lamina;    <-,  thin   muscular  coat;   ^,  adve 
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there  is  a  layer  of  fine  fibroui  elattic  tiHue  mixed  with  bundles  of  fibrillar  coDiiective-lisaue  (J). 
In  aneiies  of  miMit-iae,  and  in  the  largtst  arteries,  the  chief  man  consists  of  bundles  of 
fibTillar  canneciive-tisine  contaioing  connective-tissue  corpusclei.  The  bnmilei  cross  each  otbcr 
in  a  variety  of  direcUons,  and  bt  cells  oAoi  lie  between  them.  Next  the  media  there  are 
numerous  fibrous  or  fenolrated  elaaiic  lamellie.  In  medium-siied  and  small  arteries  the 
clastic  tissue  ncil  the  media  takes  the  fonn  of  an  indoieiident  elastic  membrane  (Henle** 
exletnal  elastic  membrane).  Bundles  of  non-striped  muscle,  arranged  longitudinally,  occur  in 
the  adventitia  of  the  arteries  of  the  penis,  and  in  the  renal,  splenic,  spermatic,  iliac,  hypogastric, 
and  superknr  mesenteric  arteries. 

[The  following  tabular  statement  tnay  facilitate  tiie  study  of  the  arterial 
coats: — 

Medium  Artery. 

TiiMirA  iNTTM*  (  (■')  Endothelium. 

lUNicA  iNTiMA  1  ^^^  Sub-cndothelial  layer. 

yjnner  coat).  ^  ^j^  Elastic  lamina. 

TiiNirA  MsniA  (  Composed  of  layers  of  smooth  muscular  fibres  disposed 

7if-JTi        X  <       circularly,  and  scattered  amongst  these  there  are 

{MddU  cml).  I       sometime  elastic  fibres. 

T,i«T/-.  inviTUTiTii    f  GoMposed  of  connective-tissue,  1,  e.,  white  fibrous  tis- 

1  UNICA  ADVENTITIA     )  ^^^  ^-^^^j  ^j^j^   ^j^^.^^  ^^^^^^  ^^^   1^^^^^  ^^^^   ^j^^^^ 


luuter  coat).  ^       ^^^^  ^^  ^^^  .^^^^^  p^^  ^^  ^^^  ^^^^  -j 

II.  The  capillariea  (Gg.  St],  while  retaining  theit  diameter,  divide  and  reunite  so  as  tofi>rm 
networks,  whcee  shape  and  arrangement  diffei  considerably  in  different  tissues.  As  to  their  size, 
the  diameter  of  the  capillaries  varies  coo- 
sidoably,  but  as  a  general  rule  it  is  such  as 
to  admit  freely  a  single  row  of  blood-cor- 
puscles. In  the  retina  and  the  muscles  the 
diameter  is  5-6  fi  and  in  bone-mairow, 
liver,  and  choroid  lo-ao  fi.  [In  the  lungs 
the  capillaries  are  rather  wider  than  else- 
where.] The  tubes  consist  of  a  single 
layer  of  transparent,  eicrasively  thin,  ou- 
\  clealed  endothelial  cells  joined  to  each 
/  other  by  their  margins.  [Each  cell  con- 
sists of  a  flattened  nucleated  plate,  for 
the  most  part  converted  into  a  transparent 
material.  In  capillaries  the  nuclei  project 
slightly  and  alternately  into  Ibe  lumen 
of  the  vessel.  The  nuclei  contain  a  well- 
marked  intra-nuclear  plexus  of  fibrils,  like 
other  nuclei.]  The  cells  are  more  fuafbnn 
in  the  smaller  capillaries  and  more  poly- 
gonal in  the  larger.  The  body  of  the  celts 
presents  the  characteis  of  very  biintiy 
refractive  protoplasm,  but  it  is  doubtfal 
— .      o  whether  the  body  of  the  cell   is   endowed 

"■      "  with    the    property    of    contractility    (p. 

Capillaries.      The  outlines  of  the  nucleated  endo-  n^.) 

thelial  cells  with  the  cement  blackened   by  the      jf  a  dilute  solution  {%  per  cent.)  of 
action  of  silver  nitrate.  giiy„  nitrate  be  injected  into  the  blood- 

vessels, the  cement  substance  of  the  endo- 
thelium [and  of  the  muscular  fibres  as  well]  is  revealed  by  the  presence  of  the  black  "silver 
lines."  The  blackened  cement  substance  shows  little  specks  and  large  black  slits  at  ditferent 
points.  It  is  not  certain  whether  these  are  actual  holes  through  which  colorless  Corpuscles  may 
pass  out  of  [he  vessels,  or  are  merely  larger  accumulations  of  the  cement-substance.  [If  a 
capillary  is  examined  in  a  perfectly  fresh  condition  (while  living)  and  without  the  addition  of 
any  reagent,  it  is  impossible  to  make  out  any  line  of  demarcalioa  between  adjacent  cells  owmg 
to  the  uniform  refractive  index  of  the  entire  wall  of  the  tube.]^ 

[Arnold  called  these  small  areas  in  the  black  silver  lines  when  they  are  large  stomata,  and 
when  small  stigmata.  They  are  most  numerous  alter  venous  congestion,  and  after  the  dis- 
turbances which  follow  inHammation  of  a.  part.     They  are  not  always  present.     The  existence 
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of  cement-rabttance  between  the  celU  maj  alio  be  inferred  from  the  bet  thit  indigo-ialphate 
of  soda  ii  deposited  in  it  [  Tkoma'),  and  particle*  of  cionabar  and  China  ink  txt  6ied  in  it,  when 
these  lobMancei  arc  injected  inlo  the  bloiad  (A^).] 

Fuw  anastomoiing  hbrili  derived  frtim  Don-nKdiillated  nnrea  tenninate  in  mull  end-budi 
in  rtlalioD  with  the  capillary  wall ;  ganglia  in  connection  with  the  nerve*  of  capiltaries  occnr 
only  in  the  region  of  the  ijnipallietic. 

The  •mallveMeh  next  in  tiie  10  (he  capillariei,  and  continnou*  with  them,  have  a  completely 
ttmctarelcM  cavcrii^  in  addkioa  to  the  endothelium. 

III.  The  veins  are  generally  distinguished  from  the  arteries  by  their  lumen 
being  wider  than  the  lutnen  of  the  corre- 
sponding arteries;  their wa/Zi  are  thinner  <sa 
accotinl  of  the  smaller  amount  of  non-striped 
muscle  and  elastic  tissue  (the  non-striped 
muscle  is  not  unfrequently  arranged  longi- 
tudinally in  veins).  [The  walls  contain 
relatively  much  more  white  fibrous  and  less 
elastic  tissue.]  They  are  also  more  extensile 
(with  the  same  strain).  The  adventitia  is 
usually  the  thickest  coat.  The  occurrence 
of  valves  is  limited  to  the  veins  of  certain 
areas  (fig.  83,  A).  [When  empty  and  cut 
across,  their  walls  collapse.] 

Structure.— (1)  The  Tunica  intima  consitu  of  a 
kfcrof  i-ipr^fruid  iriu^iir  endothelial  c«l)s,  under 
which  in  the  mnallcM  veins  there  is  a  itnicturelMa 
elastic  membrane,  aab- epithelial  layer,  which  is 
fibrous  in  vcini  KHnewhat  larger  in  lue,  but  in  all 
cases  is  thinner  than  in  the  arteries.  [It  can  icarcely 
be  called  a  lamina.  It  is  rather  an  elastic  basis,  com- 
posed of  a  felted  net-work  of  elastic  and  while  fitnes,] 
Id  laige  veins  it  may  astome  the  character)  of  a 
feuestialed  membrane,  which  is  double  in  some  parts 
of  the  cmral  and  iliac  vans.  Isolated  muscular 
fibres  eiist  in  the  intima  of  the  femoral  and  pc^liteal 

(3)  The  T.  media  of  the  larger  veins  consists  of 
alternate  layers  of  elastic  aitd  muscular  tissue  united 
to  each  otha-  by  a  cotuiderable  amount  of  conneclive- 
tissne,  but  this  coat  is  always  thinoer  than  in  the  cor- 
responding   arteries.     This   coal   diminishes   in   (he 

following  order  in  the  following  vessels: — popliteal,  p^  g 

veins  of  the  lower  extremity,  veins  of  the  upper  ex- 

tremity,  saperior  mesenteric,  other  abdominal  veins,  ''K'  ''^- 

bepalic.  pnlnKHiaiy,  and  conxiaiy  veins.  The  Ibllow-  A.  valves  io  the  saphena  vein.  B,  Longi- 
rng  veins  contain  no  muscle  :^veini  of  bone,  centra]  ludinal  section  of  a  vein  at  the  level  of 
nervous  system  and  its  membranes,  retina,  the  superior  a  valve,  o,  hyaline  layer  of  (he  inter- 
cava,wi(h  the  large Ininks  tha(  open  into  il.the  upper  nal  coal;  4,  elastic  lamioii;  c,  groups 
pan  of  the  inferior  cava.  Of  course,  in  these  cases  of  smooth  muscular  tibies  divided  trans- 
the  media  is  very  thin.  In  the  smallest  veins  the  versely;  d,  longitudinal  muscular  fibres 
media  is  formed  of  fine  connective -tissue,  with  very  in  (he  adventilia. 
few  mnscnlar  librei  scattered  in  the  inner  pari. 

(3)  The  T.  adventitia  i*  thicker  than  (bat  of  the  corresponding  arteries ;  it  contains  much 
cmiiectitif-tiisue.  usually  arranged  longitudinally,  and  not  much  elastic  tissue.  Longitudinally 
arrsnged  muscular  fibm  occur  in  some  veins  (renal,  portal,  inferior  cava  near  the  liver,  veins  of 
tbe  lower  extremities).  The  valvei  consist  of  fine  fiiirillar  connective  tissue  with  branched 
cells.  An  elastic  network  exists  on  their  convex  sur&cc,  and  both  surfaces  are  covered 
by  endothelium.  The  valves  contain  many  muscular  fibres  (fig.  8z).  [Ranvier  has  shown  that 
the  shape  of  the  epithelial  cells  On  (he  side  over  which  the  blood  passes  are  more  elongated 
than  on  the  cardiac  side  of  the  valve,  where  the  long  axes  of  the  cells  are  placed  transveisel]'.] 

Tbe  aiDUBCB  of  the  dura  mater  are  spaces  covered  with  endothelium.  The  spaces  are  either 
duplicalnrci  of  (he  membrane,  or  channels  in  the  substance  of  the  (issue  itself. 
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Cavernous  spaces  we  may  imagine  to  arise  by  numeroos  divi«ions  and  anastomoses  of  tol- 
erably large  veins  of  unequal  calilve.  The  vascular  wall  appears  to  be  much  perforated  and 
like  a  sponge,  the  internal  space  being  traversed  by  threads  and  strands  of  tissue,  which  are  cov- 
ered with  endothelium  on  their  surfaces,  that  are  in  contact  with  the  blood.  The  surrounding 
wall  consists  of  connective-tissue,  which  is  often  very  tough,  as  in  the  corpus  cavemosum,  and 
it  not  unfrequently  contains  non-striped  muscle. 

Cavernous  formations  of  an  analogous  nature  on  arteries  are  the  carotid  gland  of  the  frog, 
and  a  similar  structure  on  the  pulmonary  arteries  and  aorta  of  the  turtle,  and  the  coccygeal 
gland  of  man.  The  last  structure  is  richly  supplied  with  sympathetic  nerve-fibres,  and  is  a  con- 
voluted mass  of  ampullated  or  fusiform  dilatations  of  the  middle  sacral  artery,  surrounded  and 
permeated  by  non  striped  muscle. 

Vasa  Vasorum. — [These  are  small  vessels  which  nourish  the  coats  of  the  arteries  and  veins. 
They  arise  from  one  part  of  a  vessel  and  enter  the  walls  of  the  same,  or  another  vessel  at  a 
lower  level.  They  break  up  chiefly  in  the  outer  coat,  and  none  enter  the  inner  coat.]  In 
structure  they  resemble  other  small  blood-vessels.  The  blood  circulating  in  the  arterial  or 
venous  wall  is  returned, by  small  veins. 

[Lymphatics. — There  are  no  lymphatics  on  the  inner  surface  of  the  muscular  coat,  or  under 
the  intima  in  large  arteries.  They  are  numerous  in  a  gelatinous  layer  immediately  outside  the 
-muscular  coat,  and  the  same  relation  obtains  in  large  muscular  veins  and  lymphatic  trunks 
{Hoggan).'\ 

Intercellular  Blood- Channels. — Intercellular  blood -channels  of  narrow  calibre,  and  with- 
out walls,  occur  in  the  granulation  tissue  of  healing  wounds.  At  first  blood-plasma  alone  is 
found  between  the  formative  cells,  but  afterwards  the  blood«current  forces  blood-corpuscles 
through  the  channels.  The  first  blood-vessels  in  the  developing  chick  are  formed  in  a  similar 
way  from  the  formative  cells  of  the  mesoblast 

Properties  of  the  Blood- Vessels. — The  larger  blood-vessels  are  cylin- 
drical tubes  with  relatively  stout  walls  composed  of  several  layers  of  various 
tissues,  more  especially  elastic  tissue  and  smooth  muscular  fibres^  and  the  whole 
is  lined  by  a  smooth  polished  layer  of  endothelium.  One  of  the  most  import- 
ant properties  is  the  contractility  of  the  vascular  wall,  in  virtue  of  which  the 
calibre  of  the  vessel  can  be  varied,  and  therefore  the  supply  of  blood  to  a  part 
is  altered.  The  contractility  is  due  to  the  plain  muscular  fibres,  which  are,  for 
the  most  part,  arranged  circularly.  It  is  most  marked  in  the  small  arteries, 
and  of  course  is  absent  where  no  muscular  tissue  occurs.  The  amount  and 
intensity  of  the  contraction  depend  upon  the  development  of  the  muscular 
tissue ;  in  fact,  the  two  go  hand  in  hand.  [If  an  artery  be  exposed  in  the 
living  body  it  soon  contracts  under  the  stimulus  of  the  atmosphere  acting  upon 
the  muscular  fibres.  It  may  also  be  made  to  contract  by  the  application  of  an 
electrical  current,  or  mechanical  stimuli,  and  in  the  intact  body  the  vaso-motor 
nerves  govern  the  muscular  fibres.]  The  contraction  takes  place  slowly,  lasts  a 
long  time,  and  has  a  long  latent  period  like  smooth  muscle  generally. 

[Action  of  Drugs  on  the  Vascular  System. — Gaskell  finds  that  a  very  dilute  solution  of 
lactic  acid  (i  :  10,000  parts  of  saline  solution),  passed  through  the  blood-vessels  of  a  frog, 
always  enlarges  the  calibre  of  the  blood-vessels,  while  an  alkaline  solution  (t  part  sodium 
hydrate  to  10,000  saline  solution)  always  diminishes  their  size,  usually  to  absolute  closure,  and 
indeed  the  artificial  constriction  of  the  blood-vessels  may  be  almost  complete.  These  fluids  are 
antagonistic  to  each  other  as  far  as  regards  their  action  on  the  calibre  of  the  arteries.  Dilute 
alkaline  solutions  act  on  the  heart  in  the  same  way.  After  a  series  of  beats  the  ventricle  stops 
beating,  the  standstill  being  in  a  state  of  contraction.  Very  dilute  lactic  acid  causes  the  ventricle 
to  stand  still  in  the  phase  of  complete  relaxation.  The  acid  and  alkaline  saline  solutions  are 
antagonistic  in  their  action  on  the  ventricle.  Cash  and  Brunton  find  that  dilute  acids  have  a 
tendency  to  increase  the  transudation  through  the  vessels  and  produce  cedema  of  the  surrounding 
tissues.  They  also  observed  that  barium,  calcium,  strontium,  copper,  iron,  and  tin  produce  con- 
traction of  the  blood-vessels  when  solutions  of  their  salts  are  driven  through  them,  while  the 
same  effect  is  produced  by  very  dilute  solutions  of  potassium.  Nicotin,  atropin,  and  chloral 
differ  in  their  action  according  to  the  dose.  In  these  experiments  the  efiect  was  ascertained  by 
the  amount  of  fluid  which  flowed  out  of  the  vessels  in  a  given  time.]  If  blood  containing  cer- 
tain drugs  be  perfused  through  the  blood-vessels  of  a  freshly  excised  organ,  the  blood-vessels  are 
dilated ;  e.g.^  by  amyl  nitrite,  chloral  hydrate,  morphia,  CO,  paraldehyde,  kairin,  quinine,  atropio, 
ferricyanide  of  potassium  (urea  and  sodic  chloride  in  the  renal  vessels), — they  are  contracted 
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by  digitalin,  renitria,  helleborin   (JCobert).    Heat  causes  contraction  of  the  blood-vessels  of 
the  fri^s  mesentery  (GSrfMer),    According  to  Roy  the  blood-vessels  shorten  when  heated. 

That  the  capillaries  undergo  expansion  and  contraction,  owing  to  varia- 
tions in  the  size  of  the  protoplasmic  elements  of  their  walls,  must  be  admitted. 

Strieker  has  described  capillaries  as  "  protoplasm  in  tubes/'  and  observed  that  in  the  tadpole 
th^  exhibited  movements  when  stimulated.  Golubew  described  an  active  state  of  contraction 
of  the  capillary  wall,  but  he  regarded  the  nuclei  as  the  parts  which  underwent  change.  Rouget 
observed  the  same  result  in  the  capillaries  of  new- born  mammals.  Tarchanoff  found  that 
mechanical  or  electrical  stimulation  caused  a  change  in  the  shape  and  size  of  the  nuclei,  so  that 
he  regards  these  as  the  actively  contractile  parts.  [Severini  also  attaches  great  importance  to 
the  contractility  of  the  capillaries,  and  especially  of  their  nuclei,  as  influencing  the  blood* stream. 
Oxygtn  acts  on  the  nuclei  of  the  capillary  wall  (membrana  nictitans  of  frog)  and  causes  them 
to  swell,  while  CO,  has  an  opposite  effect.  The  circulation  through  a  lung  suddenly  filled  with 
O  or  atmospheric  air  is  at  first  very  rapid,  but  it  soon  .diminishes,  while  witn  CO,  the  circula- 
tion remains  constant.]  As  the  capillaries  are  excessively  thin,  soft,  and  delicate,  it  is  obvious 
that  the  ibnn  of  the  mdividual  cells  must  depend  to  a  considerable  extent  upon  the  degree  to 
which  the  vessels  are  filled  with  blood.  In  vessels  which  are  distended  with  blood  the  en- 
dotheJial  cells  are  flattened,  but  when  the  capillaries  are  collapsed  they  project  more  or  less  into 
the  lumen  of  the  vessel  (Remtut). 

[It  is  well  known  that  the  capillaries  present  great  variations  in  their  diameter  at  different 
times.  As  these  variations  are  usually  accompanied  by  a  corresponding  contraction  or  dilatation 
of  the  arterioles,  it  is  usually  assumed  that  the  variations  in  the  diameter  of  the  capillaries  are 
due  to  differences  of  the  pressure  within  the  capillaries  themselves,  viz.,  to  the  elasticity  of  their 
walls.  Every  ooe  is  agreed  that  the  capillaries  are  very  elastic  and  extensile,  but  the 
experiments  of  Roy  and  Graham  Brown  show  that  they  are  contractile  as  well  as  elastic,  and 
these  observers  conclude  that,  under  normal  conditions,  it  is  by  the  contractility  of  the  capillary 
wall  as  a  whole  that  the  diameter  of  these  vessds  is  changed,  and  to  all  appearance  their  con- 
tractility is  constantly  in  action.  "The  individual  capillaries  (in  all  probability)  contract  or 
expand  in  accordance  with  the  requirements  of  the  tissues  through  which  they  pass.  The  regu- 
latioQ  of  the  vascular  blood- flow  is  thus  more  complete  than  is  usually  imagined/'  It  must  be 
mentiooed,  however,  that  some  regard  the  walls  of  the  capillary  as  playing  purely  a  passive 
part  in  the  variations  of  their  calibre,  although  they  admit  that  they  are  contractile  in  young 
animals.] 

Physical  Properties  of  Blood- Vessels—Elasticity. — Amongst  the 
physical  properties  of  the  blood-vessels,  elasticity  is  the  most  important ; 
their  elasticity  is  small  in  amount,  i,  <f.,  they  offer  little  resistance  to  any  force 
applied  to  them  so  as  to  distend  or  elongate  them,  but  it  is  perfect  in  quality, 
/.  e, ,  the  blood-vessels  rapidly  regain  their  original  size  and  form  after  the  force 
distending  them  is  removed.  [An  artery,  in  virtue  of  its  thick  elastic  walls, 
when  empty  or  when  cut  across,  does  not  collapse,  but  remains  open.] 

According  to  E.  H.  Weber,  Volkmann,  and  Wertheim,  the  elongation  of  a  blood-vessel  (and 
moist  tissues  generally)  is  not  proportional  to  the  weight  used  to  extend  it,  the  elongation  being 
relatively  less  with  a  large  weight  than  with  a  small  one,  so  that  the  curve  of  extension  is  nearly 
[or,  at  least,  bears  a  certain  relation  to]  a  hyperbola.  According  to  Wundt,  we  have  not  only  to 
consider  the  extension  produced  at  first  by  the  weight,  but  also  the  subsequent  "  elastic 
after-effect,"  which  occurs  gradually.  The  elongation  which  takes  place  during  the  last  few 
moments  occurs  so  slowly  and  so  gradually  that  it  is  well  to  observe  the  effect  by  means  of  a 
magnifying  lens.  Variations  from  the  general  law  occur  to  this  extent,  that  if  a  certain  weight 
is  exceeded*  less  extension,  and,  it  may  be,  permanent  elongation  of  the  artery  not  unfrequently 
occur.  K.  Bardeleben  found,  especially  in  veins  elongated  to  40  or  50  per  cent,  of  their  original 
length,  that  when  the  weight  employed  increased  by  an  equal  amount  each  time,  the  elongation 
was  proportional  to  the  square-root  of  the  weight.  This  is  apart  from  any  elastic  after-effect. 
Veins  may  be  extended  to  at  least  50  per  cent,  of  their  length  without  passing  the  limit  of  their 
elasticity. 

[Roy  expenntntad-upon  the  elastic  properties  of  the  arterial  wall.  A  portion  of  an 
artery,  so  that  it  could  be  distended  by  any  desired  internal  pressure,  was  enclosed  in  a  small 
vessel  containing  olive  oil  arranged  in  the  same  way  as  in  fig.  72  for  the  heart.  The  variations 
of  the  contents  were  recorded  by  means  of  a  lever  writing  on  a  revolving  cylinder.  The  instru- 
ment is  termed  a  sphygmotonometer.  The  aorta  and  other  large  arteries  are  most  elastic 
and  most  distensible  at  pressures  corresponding  more  or  less  exactly  to  their  normal  blood- 
pressure,  while  in  veins  the  relation  between  internal  pressure  and  the  cubic  capacity  is  very 
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different  In  them  the  maximum  of  distensibility  occurs  with  pressures  immediately  abore  zero. 
Speaking  generally,  the  cubic  capacity  of  an  artery  is  greatly  increased*  by  rabing  the  intra- 
arterial tension,  say  from  zero  to  about  the  normal  internal  pressure  which  the  artery  sustains 
during  life.  Thus  in  the  rabbity  the  capacity  of  the  aorta  was  quadrupled  by  raising  the  intra- 
arterial pressure  from  zero  to  200  mm.  rig,  while  that  of  the  carotid  was  more  than  six  times 
greater  at  that  pressure  than  it  was  in  the  undistended  condition.  The  pulmonary  artery  Ls 
distinguished  by  its  excessive  elastic  distensibility.  Its  capacity  (rabbit)  was  increased  more 
than  twelve  times  on  raising  the  internal  pressure  from  zero  to  about  36  mm.  Hg.  Veins,  oo 
the  other  hand,  are  distinguished  by  the  relatively  small  increase  in  their  cubic  capacity  pro- 
duced by  greatly  raising  the  internal  pressure,  so  that  the  enormous  changes  in  the  capacity  of 
the  veins  during  life  are  due  less  to  differences  in  the  pressure  than  to  the  great  differences  in 
the  quantity  of  blood  which  they  contain.] 

Pathological. — Interference  with  the  nutrition  of  an  artery  alters  its  elasticity  [and  that  in 
cases  where  no  structural  changes  can  be  found].  Marasmus  preceding  death  causes  the  arteries 
to  become  wider  than  normal.  In  some  old  people  they  become  atheromatous  and  even 
calcified. 

[The  capillaries  by  the  thinness  and  permeability  of  their  walls  are  well  adapted  for  the 
exchange  between  the  fluids  and  gases  of  the  blood  which  they  contain,  and  the  tissues  lying 
outside  them;  while  by  their  extensibility  and  elasticity  they  can  adapt  their  calibre  to  the 
pressure  and  quantity  of  blood  within  them.] 

[Uses  of  Elasticity. — ^The  elasticity  of  the  arteries  is  of  the  utmost  importance  in  aiding  the 
conversion  of  the  unequal  movement  of  the  blood  in  the  large  arteries  into  a  uniform  flow  in  the 
capillaries.  E.  H.  Weber  compared  the  elastic  wall  of  the  arteries  with  the  air  in  the  air- 
chamber  of  a  fire-engine.  In  both  cases  an  elastic  medium  is  acted  upon — the  air  in  the  one 
case  and  the  elastic  tissue  in  the  other — which  in  turn  presses  upon  the  fluid,  propelling  it 
onwards  continually,  while  the  action  of  the  pump  or  the  heart,  as  the  case  may  be,  is  intermit- 
tent. The  ordinary  spraj-producer  acts  on  this  principle.  A  uniform  spray  or  jet  is  obtained  by 
pumping  intermittently,  but  only  when  the  resistance  is  such  as  to  bring  into  actioo  the  elasticity 
of  the  bag  between  the  pump  and  the  spray-orifice.] 

Cohesion. — The  cohesion  of  blood- vessels  is  very  great,  and  in  virtue  of 
this  they  are  able  to  resist  even  considerable  internal  pressure  without  giving 
way.  The  carotid  of  a  sheep  is  ruptured  only  when  fourteen  times  the  usual 
pressure  it  is  called  upon  to  bear  is  put  upon  it  ( Volkmann).  Given  a  vein 
and  an  artery  of  the  same  thickness,  a  greater  pressure  is  required  to  rupture  the 
former  than  the  latter.  The  human  carotid  or  iliac  artery  resists  a  pressure  of  8 
atmospheres,  the  veins  about  the  half  of  this. 

[Division  of  an  Artery. — When  an  artery  is  divided  in  the  living 
body,  the  blood  spouts  in  jets  from  the  proximal  cut  end  of  the  tube,  /.  e,,  the 
heart  end.  Each  jet  forms  a  parabolic  curve,  and  the  flow  does  not  cease 
between  the  jets.  If  a  large  artery  be  severed,  the  blood  may  be  projected  for 
a  distance  of  several  feet,  this  being  greater  the  larger  the  artery  and  the 
nearer  it  is  to  the  heart.  A  very  small  amount  of  blood  may  flow  from  the 
distal  cut  end.  This  will  depend  on  the  extent  to  which  collateral  anastomosis 
takes  place.] 

[In  the  case  of  a  divided  vein,  the  blood  flows  chiefly  from  the  distal  end, 
and  it  does  not  come  in  jets,  but  as  a  slow  continuous  flow.  The  flow  from 
the  central  end  may  be  almost  i»/7or  very  slight,  but  this  again  depends  on 
the  amount  of  collateral  circulation.] 

[Ligature  of  an  Artery  ruptures  the  inner  coat,  and  the  vessel  swells  on 
the  proximal  side  of  the  ligature,  while  immediately  after  the  ligature  is  applied 
the  distal  part  of  the  vessel,  /.  <f.,  the  part  beyond  the  ligature,  collapses  and 
becomes  smaller,  and  no  pulse  is  felt  in  it,  while  the  pulse  is  felt  in  the  proximal 
part  right  up  to  the  ligatured  spot.] 

[Ligature  of  a  Vein  causes  the  vein  to  swell  on  the  distal  side  of  the 
ligature,  while  on  the  proximal  or  cardiac  side  it  collapses,  unless  there  be  a 
very  free  collateral  circulation.  No  pulse  is  felt  on  either  side  of  the  ligature. 
These  results  necessarily  follow  from  the  course  of  the  blood-stream — moving 
as  it  does  in  opposite  directions — in  the  two  vessels.] 
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66.  INVESTIGATION  OF  THE  PULSE.— [The  chanicters  of 
the  pulse  may  be  investigated  by — 

(i)  The  eye  {inspection). 
(a)  The  finger  {Palpation). 
(3)  Instruments. 
The  examination  is  usually  confined  to  that  part  of  the  radial  artery  which 
lies  immediately  above  the  wrist,  with  the  flexor  tendons  internal  to  it,  and  the 
ridge  of  the  radius  on  its  outer  aspect,  while  the  shaft  of  the  radius  forms  a  firm 
bony  support  against  which  the  artery  can  be  compressed  by  means  of  the 
finger.     When  a  finger  is  placed  on  the  radial  artery — covered  here  only  by 
skin  and  subcutaneous  tissue — or  on  any  artery  in  the  living  body,  one  feels  a 
distinct  sense  of  resistance,  which  becomes  more  marked  at  regular  intervals 
corresponding  to  each  heart-beat.     It  feels  as  if  the  artery  expanded  somewhat 
under  the  finger.     This  is  xht  pulse.     One  can  also  feel  that  in  the  intervals  it 
seems  to  recede  from  the  finger.     In  some  situations  the  pulse  can  be  seen. 
No  such  pulse  or  beat  is  felt  in  a  vein.] 

[Two  or  three  fingers  are  placed  over  the  course  of  the  radial  artery,  and  the 
various  phenomena  in  connection  with  the  pulse  are  noted. 
It  takes  much  practice  for  the  physician  to  acquire  the  tactus 
eruditus,  and  notwithstanding  the  value  of  instruments,  every 
physician  should  make  a  careful  study  of  the  pulse>beat  with 
his  finger.  In  order  to  feel  the  pulse-beat  or  to  take  a  pulse- 
tracing,  there  must  be  some  resistant  body,  e.g.,  a  bone  be- 
hind the  artery,  and  a  certain  degree  of  pressure  must  be 
exerted  on  the  artery.] 

The  individual  plu^  of  the  movement  of  the  pulse  can 
only  be  accurately  investigated  by  the  application  of  instni- 
meots  to  the  arteries. 

JO  PoiMuille'a  Box  Pula«-HeaBureT(t8z9)' — Anan«ryit«xpMed 
placed  in  an  oblong  box  filled  with  an  indifferent  fluid.  A  vertical 
tube  with  a  tcale  attacked  commnniciites  with  the  ioteiior  of  the  box. 
The  column  of  Said  undergoei  a  variation  with  every  pulie-bcat. 

(z)  HerisBon'a  Tubular  Sptiygmometer  ccamiU  of  a  glass  tube 
wboM  lower  end  il  covered  with  an  elastic  membrane  (fig.  83),  flie  tube 
il  paitlj  filled  with  Hg.  The  memtTane  is  placed  over  the  position  of  a 
puWing  aiteiy,  so  that  its  beat  causes  a  movement  in  the  Hg.  Chdius 
used  a  similar  instrument,  and  he  succeeded  with  this  instrument  in 
sbowiiq;  the  existence  of  the  double  beat  (dicrotism)  in  the  normal  puUe 
(18S0). 

(3)  Vierordt'B  Sphygmograph  (1855).— Id  this,  one  of  the  earliest 
nrfifgntogisphs,  A^erordt  departed  from  the  principle  of  a  fluctuating 

Itaid  column,  and  adopted  the  principle  of  the  Uvtr.     Upon  the  artery  „     „ 

rested  a  small  pad,  which  moved  a  complicated  system  of  levers.     At  "8"  "' 

first  he  used  a  straw  6  inches  long,  which  rested  on  the  artoy.  The  point  Sphygmometer  of 
of  one  of  the  levers  inscribed  its  movements  upon  a  revolving  cylinder.  Hirisson  and  Cheliui. 
This  iaBtrument  wai  soon  discarded. 

(4)  Harey'B  Sphygmograph  conusts  of  a  comlunatioQ  of  a  lever  with  an  clastic  spring. 
The  elastic  spring  (lig.  84,  A)  is  fixed  at  one  end,  i,  free  at  the  other  end,  and  provided  with  an 
ivory  pad,^,  which  is  pressed  by  the  spring  upoo  the  radial  artery.  On  the  upper  surface  of  the 
pad  there  is  a  vertically-placed  fine-toothed  rod,  i,  which  is  pressed  upon  t}y  ■  weak  spring,  f,  so 
that  its  teeth  dovetail  with  similar  teeth  in  the  small  wheel,  '.  from  whose  axis  there  projects  a 
kng,  ligfat,  wooden  lever,  v,  running  nearly  parallel  with  the  elastic  spring.  This  lever  bas  a 
fine  style  at  its  fi-ee  end,  s,  which  writes  upcni  a  smoked  plate,  P,  moved  by  clockwork,  U,  in 
front  of  the  style.  Marey's  instrument,  as  improved  by  Mahomed  and  others,  bas  beoi  very 
U^dyosed. 

[Its  more  complete  fonn,  as  In  fig.  85,  where  il  is  shown  applied  to  the  arm,  consists  of— (i) 
a  steel  spring.  A,  which  is  provided  with  a  j>ad  resting  on  the  artery,  and  moves  with  each 
movement  of  the  arteiy;  (3)  the  lever,  C.  wlucb  records  the  movement  of  the  artery  and  spring 
is  a  BMfiufied  Icrm  on  the  smoked  paper,  G ;  (3)  an  ammgemeDt,  L,  whereby  the  exact  pressure 
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excned  iqion  tbe  uto?  ii  indicated  on  (he  dial,  M ;  (4)  the  clockwork,  H,  wbich  moves  the 
■moked  paper,  G,  at  ■  cmiroTin  nUe  1(5)8  frunewoik  10  which  the  vaiioui  part*  of  ihe  fautiu- 
inent  u-e  attadied,  and  by  means  of  wbicb  Ihe  inflniment  is  faaienedto  the  arm  by  itraps,  K,  K 
{Byrom  Bramteel/).^ 

[Application. — In  spi^yiiig  tbe  q>h}^mogr>ph,  caiue  the  patient  to  seat  himself  betide  ■ 
low  table,  and  place  his  arm  on  Ihe  double'Uclined  plane  (Ge.  85V     In  tbe  newer  form  of  in 

u-u„, . -..^^ij-j^-yr^..,.' _    ^   . 


t,  the  lid  of  the  boK  U 


anged  as  to 


make  this  support.    The  fingers  oaght 


Scheme  of  Muey's  ■pfaTgmo^aph.  A,  ifmng  with  ivoiT  pftd,  y,  which  rests  on  the  artery ;  t, 
weak  tpring  pitt»ii^  i  into  I;  v,  writing  lever;  P,  piece  of  smoked  glass  or  paper  nwrcd 
by  clockwork,  U;  H,  screw  to  limit  excursion  of  A  ;  S,  arrangement  for  fixing  the  instra- 
ment  to  Ihe  arm  of  the  patient. 

to  be  semi-Rexed.  Mark  the  pontion  of  the  radial  artery  with  ink.  See  that  the  clockwork  ii 
wound  up,  and  apply  the  ivory  pad  exactly  over  Ihe  radial  artery  where  it  lies  upon  the  radins, 
fixing  it  to  the  arm  by  the  non-etastic  ttraps,  K,  K,  Fix  tbe  slide  holding  the  smoked  ffts 
in  pocition.  The  bat  paper  to  use  is  that  with  a  very  smooth  surface,  or  an  enamelled  card 
smoked  over  the  Some  of  a  tuipentine  lamp,  over  a  piece  of  baming  campbor,  or  over  a  fan- 
tailed  gas-burner.  The  wriling-styic  is  so  omnged  a*  to  wiite  upon  the  imoked  pucr  with  the 
leaM  poMibk  IHction.  It  is  most  important  10  regulate  Ihe  pressure  excfled  upon  the  artery  by 
means  of  tbe  milled  head,  L.     This  must  be  determined  for  each  pulse,  but  the  rule  is  to  gtadu- 


Fig.  85. 
Marey's  inprored  sphygmograpb.     A,  steel  spriof; ;  B,  tint  lever;  C,  writing  lever ;  C,  its  free 

writing  end;  D,  screir  for  bringing  B  in  contact  with  C ;  G,  slide  with  smoked  paper;  H, 
ck^kwork;  L,  screw  for  increasing  the  pressure;  M,  dial  indicating  the  prexsure;  K,  K, 
etraps  for  fixing  the  instrument  to  the  arm,  and  the  arm  to  tbe  double-inclined  plane  or 
'^  tnpport, 

ate  the  pressure  until  the  greatesl  amplitude  of  movement  of  the  lever  is  obtained.  Set  the 
clockwork  going,  and  a  tradng  is  obtained,  which  must  be  "  fixed  "  by  dipping  it  in  a  rapidly 
drying  varnish,  t.  g.,  photographic.  In  every  case  scratch  on  the  tracing  with  a  needle  the 
name,  dote,  and  amount  of  pressure  employed.] 

[(5  ]  Dudgeon's  Sptaygmograph.— This  is  a  convenient  form  of  sphygmograph,  although 
Broadbent  and  Roy  regard  its  results  as  untrustworthy.  The  instrument  after  being  carefaUy 
adjosled  upon  tbe  radial  artery  is  kept  in  posKion  by  an  melastic  strap.  The  presanie  of  the 
spring  is  regulated  1^  the  eccentric  wbeel  to  any  amount  from   l  to  5  ounces.     As  in  other 
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inMnnDents,  (he  tnciDg  paper  is  moved  in  front  of  the  writing-Deed  le  bj  meani  of  clockwork. 
Tfae  irritiiig  levers  are  so  adjuMed  that  1^  movemcDts  of  the  aiter;  are  mi^ilied  fifty  times 

(fi|.g6).] 
[(6)  Ludwig's  improved  form  is  a  very  serviceable  instnuneat  (f^,  87).] 


Fig.  86. 
Dudgeon's  sphygmograph. 

(7)  llwey'a  lamboura  are  also  emplt^ed  for  roistering  the  movements  of  [he  poise.  They 
■re  used  in  the  same  way  as  the  pAnapbygmogmph.  Two  pairs  of  metallic  cnpi  (1^.  8S,  S,  S, 
and  S',  S',  Upbam's  capsules)  arc  pierced  in  tM  middle  by  thin  metal  lubes,  whose  free  end* 
•le  connected  with  eaoutcbooc  tubs,  K  and  K'.    All  the  four  met*Uic  veuels'ate  covered  with 


Fig.  87. 
Ludwig's  sphygmograph. 

daitic  membranea.  On  S  and  S'  arc  Rxed  two  knob-like  pads,fi»adf,  which  are  applied  to 
the  pnlaaling  arteries,  and  the  metal  arcs,  B  and  B',  retain  them  in  poution.  On  the  other 
Uaibcuri  are  arranged  the  writing- levers,  Z  and  Z',  Pressure  on  the  one  tambour  necessarily 
cog^Tcasa  the  air,  and  makes  the  other,  with  which  it  is  connected,  expand,  so  as  to  move  tlie 
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writing-lever.  This  arrangement  does  not  give  absolutely  exact  results ;  still ,  it  is  very  easily 
used,  and  is  convenient.  In  fig.  88  a  double  arrangement  is  shown,  whereby  one  instrument,  B, 
may  be  placed  over  the  heart,  and  the  other,  B^,  on  a  distant  artery. 


Fig.  88. 

Scheme  of  Brondgeest's  sphygmograph.    S,  S^,  receiving  and  recording  (S,  S')  tambours  with 
writing  levers,  Z  and  Z^ ;  K,  K',  conducting  tubes :  /,  over  heart,  /^,  over  a  distant  artery. 

(8)  Landois'  Angiograph. — To  a  basal  plate  (fig.  89],  G,  G,  are  fixed  two  upright  supports, 
/,  which  carry  between  them  at  their  upper  part  the  movaole  lever,  d,  r,  carrying  a  rod  bearing  a 
pad,  ^,  directed  downwards,  which  rests  on  the  pulse.    The  short  arm  carries  a  counterpoise,  d^ 


Fig.  89. 
Scheme  of  Landois'  angiograph. 

so  as  exactly  to  balance  the  long  arm.  The  long  arm  has  fixed  to  it  at  r  a  vertical 
rod  provided  with  teeth,  ^,  which  is  pressed  against  a  toothed  wheel  firmly  fixed 
on  the  axis  of  a  very  light  writing-lever,  ^, /,  which  is  supp<nted  between  two  up- 
rights, ^,  fixed  to  the  opposite  end  of  the  basal  plate,  G,  G.  The  writing-lever  is  equilibrated 
bv  means  of  a  light  weight  The  writing-needle,  k^  is  fixed  by  a  joint  to  ^,  and  it  writes  on  the 
plate,  /.  The  first  mentioned  lever,  d,  r,  carries  a  shallow  cup,  Q,  just  above  the  pad,  into 
which  weights  may  be  put  to  press  on  die  pulse.  In  this  instrument  the  weight  can  be  measured 
and  varied ;  the  writing- lever  moves  vertically,  and  not  in  a  curve  as  in  Marey's  apparatus, 
which  greatly  facilitates  the  measuring  of  the  curves  (fig.  89). 

Other  sphygmographs  are  used,  both  in  this  country  and  abroad,  including  that  of  Sommer- 
brodt,  which  is  a  complicated  form  of  Marey's  sphygmograph  and  those  of  Pond  and  Mach. 

[Whatever  the  form  of  the  sphygmograph,  the  pressure  is  applied  to  the  artery  either  by 
means  of  a  spring  {Marey^  Dudgeon^  etc.)  or  by  actual  weights  which  press  upon  the  artery 
(Sommerbrodt,  Landois),    In  Marey's  form  the  lever  moves  in  an  arc  of  a  circle  on  the  paper  so 
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that  the  upstroke  has  alwajrs  a  backward  inclination,  while  in  Sommerbrodt*s  the  lever  moves  at 
right  angles  to  the  paper,  and  makes  a  vertical  line.  Thus  the  form  of  the  curve  obtained  will 
vary  to  a  certain  extent  with  the  sphygmograph  employed.  As  a  matter  of  fact,  the  sphygmo- 
graph  does  not  aid  one  so  much  in  diagnosis  as  has  been  claimed  for  it.  It,  however,  accentuates 
certain  phenomena,  which  cannot  be  so  well  studied  with  the  unaided  fingers.] 

In  every  pulse-curve — sphygmogram  or  arteriogram — we  can  distin- 
guish the  ascending  part  (ascent)  of  the  curve,  the  apex^  and  the  descending 
part  (descent).  Secondary  elevations  scarcely  ever  occur  in  the  ascent,  which 
is  usually  represented  by  a  straight  line,  while  they  are  always  present  in  the 
descent  (fig.  91).  Such  elevations  oeciurring  in  the  descent  are  called  cata- 
erotic,  and  those  in  the  ascent,  anacrotic.  When  the  recoil  elevation  or 
dicrotic  wave  occurs  in  a  well-roarked  form  in  the  descent,  the  pulse  is  said  to 
be  dicrotic,  and  when  it  occurs  twice,  tricrotic. 

Measuring  Pulse-Curves. — If  the  smoked  sur&ce  on  which  the  tracing  is  inscribed  is  moved 
at  a  uniform  rate  by  means  of  the  clockwork,  then  the  height  and  length  of  the  curve  are 
measured  by  means  of  an  ordinary  rule.  If  we  know  the 
rate  at  which  the  paper  was  moved,  then  it  is  easy  to  cal- 
culate the  duration  of  any  event  in  the  curve. 

Gas-Sphygmoscope. — A  small  metallic  or  glass  cap- 
sule provided  with  an  inlet  and  an  outlet  tube,  and  clostd 
below  by  a  fine  membrane,  is  placed  over  an  artery.  The 
inlet  tube  is  connected  to  a  gas  supply,  and  the  outlet  to  a 
rat-tailed  gas-burner.  The  gas-jet  responds  to  every  pulse- 
beat.  Czermak  pkoiograpked  a  beam  of  light  set  in  motion 
by  the  movements  of  the  pulse. 

Hsemautography. — Expose  a  large  artery  of  an  animal, 
and  divide  it  so  that  the  stream  of  blood  issuing  fiom  it 
strikes  against  a  piece  of  paper  drawn  in  front  of  the  blood- 
stream. The  curve  so  obtained  (f^.  90)  shows,  in  addition 
to  the  primary  wave,  P,  a  distinct  dicrotic  wave  R,  and  slight 
vibrations,  e.  e.,  due  to  the  variations  in  the  elasticity  of  the 
arterial  wall,  which  shows  that  the  movements  occur  in  the 
blood  itself,  and  are  communicated  as  waves  to  the  arterial 
wall.  By  estimating  the  amount  of  blood  in  the  various 
parts  of  the  curve,  we  obtain  a  knowledge  of  the  amount  of 
blood  discharged  by  the  divided  artery  during  the  svstole 
and  diastole  ft.  ^.,  the  narrowing  and  dilatation)  of  the 
artery — the  ratio  is  7  :  10.  Thus  in  the  unit  of  time ^  during 
arterial  dilatation,  rather  more  than  twice  a^  much  hlcod 
flows  out  as  compared  with  what  occurs  during  arteiial 
contraction. 

67.   PULSE-TRACING     OR    SPHYG-    Hwmautographic  curves    of    the 

MOGRAM.— [The  Pulse— With  each  systole      ^*t«noi-  tibial  arteo*  of  a  dog. 

of  the  heart,  a  certain  quantity  of  W^^^^^  c';S^::7e  H.tc^^^^^^^^ 

into   the  already  nlled  and  partially  distended      to  elasticity, 
arteries,  the  resistance  in  the  vessels  is  lowest 

between  the  pulsations,  and  at  this  time  the  arterial  tubes  are  somewhat 
flattened,  but  with  each  systole  of  the  left  ventricle  the  pulse-wave,  or  rather 
the  liquid  pressure  within  the  vessel,  is  increased,  thus  forcing  the  artery  back 
into  the  circular  form.  *'  The  change  of  shape,  from  the  flattened  condition  im- 
pressed upon  the  vessel  by  the  finger  or  the  sphygmograph  lever,  to  the  round 
cylindrical  shape  which  it  assumes  under  the  distending  force  of  the  blood  within 
it,  constitutes  the  pulse,"  and  it  indicates  the  degree  and  duration  of  the  increased 
pressure  in  the  arterial  system  caused  by  the  ventricular  systole  {Broadbent),'\ 

Analysis. — A  sphygmogram  or  pulse-tracing  consists  of  a  series  of 
curves  (figs.  91,  92)  each  of  which  corresponds  with  one  beat  of  the  heart. 
Each  pulse-curve  consists  of — 

1.  The  line  of  ascent  (a  to  b  in  fig.  91).  » 

2.  The  apex  (P  in  fig.  94,  and  b  in  fig.  91). 

3.  The  line  of  descent  {b  to  h  in  ^g,  91). 
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(i)  The  line  of  ascent,  or  up-stroke,  is  nearly  vertical,  and  occurs  during 
the  dilatation  of  the  artery  produced  by  the  systole  of  the  left  ventricle,  when 
the  aortic  valves  are  forced  open  and  the  ventricular  contents  are  projected 
into  the  arterial  system.     [The  ascent  is  a  nearly  vertical,  uninterrupted  line, 


A  Kig.  91. 

A,  Pulse-tradog  bj  Dudgeon's  iphygniograpb.  Sphygmogram  of  radial  artery :  pressure  2  01. 
Each  put  of  the  carve  between  the  bue  of  one  up-xrohe  >nd  the  bue  of  the  next  up-stroke 
correspoads  to  a  beat  of  the  heart,  so  (hat  Ibis  ligure  shows  five  heart-beaU  and  pan  of  a 
sixth.     B,  normal  pnUe-tracing  taken  with  Maiey'i  sphygmograph  :  pressure  2^  01. 

but  in  some  cases,  where  the  ventricle  contracts  very  suddenly,  as  occasionally 
happens  in  aortic  regurgitation,  it  is  quite  vertical  (iig.  97).] 
(z)  The  apex  or  percussion  ivave  in  a  normal  pulse  is  pointed. 
(3)  The  line  of  descent  is  gradual,  and  corresponds  to  the  diminution  of 
diameter  or  more  gradual  contraction  of  the  artery  after  the  cesssation  of  the 
cardiac  systole.     It  is  inter- 
rupted by  two  completely  dis- 
Hnet  elevations  of  secondary 
waves.     Such  elevations  are 
called   "catacrotic."      The 
more  distinct  of  the  two  oc- 
curs as  a  well-marked  eleva- 
tion about  the  middle  of  the 
descent  (R  in  fig.  94  and  /  in 
^%-  9^)  i  >^  's  called  the  di- 
crotic wave,  or,  with  ref- 
erence to  its  mode  of  origin, 
the  "  recoil  wave.  "  [As  the 
descent  corresponds  to    the 
time  when  blood   is  flowing 
out  of  the  arteries  at  the  peri- 
Fig.  91.  phery  into  the  capillaries,  its 
Radial  pulse-lradng  by  Roy  and   Adami's   method.         direction  will  depend  on  the 
Eitra-vascutar  pressure  =  100  mm.  Hg.               rapidity  of  the  outflow.  Thus 
it  will  be  more  rapid  in  pa- 
ralysis of  the  arterioles  and  very  rapid  in  aortic  regurgitation,  where,  of  course, 
much  of  the  blood  flows  backward  into  the  left  ventricle  (Iig.  97).     In  this  case, 
the  artery  will  recoil  suddenly  from  under  the  finger  or  pad  of  the  instrument, 
and  this  constitutes  the  "  pulse  of  empty  arteries."] 

The  dicrotic  wrave,  or  recoil  wave,  corresponds  to  the  time  following  the 
closure  of  ihe  aortic  valves,  and  is  preceded  in  the  descent  by  a  slight  depres- 
sion, Ehe  aortic  notch. 

[The  tidal,  or  pre-dicrotic  v^ave,  occurs  between  the  apex  and  the  di- 
crotic wave  (iig.  91,  d').  It  occurs  on  the  descent,  and  during  the  contraction 
of  the  ventricle.  The  tidal  wave  is  best  marked  in  a  hard  pulse,  1'.  e.,  where 
the  blood -pressure  is  high,  so  that  it  is  usually  well  marked  in  cirrhotic  disease 
of  the  kidney,  accompanied  by  hypertrophy  of  the  left  ventricle.] 

There  may  be  other  secondary  waves  in  the  lower  part  of  the  descent. 
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[Respiratory  or  Base  Line. — K  a  line  be  drawn  so  as  to  touch  the  bases 
of  alt  the  up-strokes,  ve  obtaio  a  straight  line,  hence  called  by  this  name.  The 
base  line  is  altered  in  disease  and  during  forced  respiration  (§  74).] 

[Pulse-tracings  obtained  in  dilTerent  ways  from  different  animals  and  man 
resemble  each  other  in  that  they  all  show  an  uninterrupted  rapid  up-stroke,  cul- 
minating in  the  point  of  the  curve  which  forms  the  percussion-wave  or  first 
secondary  wave  of  the  pulse.  Between  the  apex  and  the  next  small  wave  is  a 
notch,  the  pre-dicrotic  notch  immediately  by  the  tidal  wave.  After  this  is  the 
deeper  dicrotic  notch,  and  then  the  dicrotic  wave.  This  is  followed  by  a  more 
or  less  prominent  short  wave,  between  which  and  the  lowest  part  of  the  curve 
is  a  large  flattened  wave.3 

[Roy  and  Adami  adopt  a  somewhat  different  terminology,  based  on  the 
views  they  hold  as  to  the  cause  of  the  several  parts  of  a  pulse-tracing.  The 
term  up-stroke  is  retained,  but  the  percussion- wave  they  call  the  papillary 
wave  or  first  secondary  wave.  According  to  them,  it  is  due  to  the  contrac- 
tion of  the  papillary  muscles,  and  results  from  the  rise  of  pressure  due  to  con- 
.  traction  of  the  papillary  muscles.  The  next  secondary  or  tidal  wave  they  call 
outfio^p  remainder  vrave,  and  it  cojrresponds  in  time  with  the  outflow  from 
the  vcDEriclcs,  and  with  it  the  outflow  from  the  ventricles  terminates.  After 
this  comes  the  dicrotic  notch,  which  they  ascribe  to  "  the  inertia  of  the  blood 
in  the  aorta  and  larger  arteries,  which  has  gained  a  certain  velocity  during  the 
period  of  outflow  from  the  ventricle,  and  which  upon  the  blood  ceasing  to 
leave  the  ventricle  necessarily  causes  a  negative  wave,  commencing  at  the  root 
of  the  aorta,  and  propagated  in  the  same  direction  as  the  positive  wave."  Then 
follows  the  dicrotic  wave,  which  they  ascribe  to  inertia,  and  then  the  long 
slow  descent  marked  by  a  rounded  shoulder,  and  perhaps  another  small  inertia 
wave.] 

[In  lonie  casei,  t.g.,  mitral  ro^T^tation,  the  prc-dicrMlc  witc  miy  be  present  in  some 
palie-bcats  ud  tbarat  in  otbeis  (lig.  93),  where  ihe  tidal  «a*e  ii  pretenl  in  the  laig«st  pnlM, 
and  absent  in  (he  othen,  _ 
while  the  base  line  is  on-  p 

the  amount  of  blood  dii-  I 

charged  into  the  left  ven-  I 

tiicle     frcqncDlljp     varies,  I 

hence    the    variuions 

the   character*  of  the  a.- 

lerial  pulse.]  >'<g-  93- 

The    pulse-cnr*e    indi-  Inegnlar  pulie  of  mitral  r^nrgilalion. 

cate*    the     vuiatiooi    of 

pressure  which  the  blood  exerts  on  the  arterial  walli,  for  Ihe  lever  rises  and  falls  with  the 
ptesBUe,  hence  v.  Kries  calls  it  the  "  preaaure -pulse." 

68.  ORIGIN  OF  THE  DICROTIC  WAVE.— The  dicrotic,  or  re- 
coil wave,  which  is  always  present  in  a  normal  pulse,  is  caused  thus :  During 
the  ventricular  systole  a  mass  of  blood  is  propelled  into  the  already  full  aorta, 
whereby  a  positive  wave  is  rapidly  transmitted  from  the  aorta  throughout  the 
arterial  system,  even  to  the  smallest  arterioles,  in  which  this  primary  wave  it 
exUitguishtd.  As  soon  as  the  semi-lunar  valves  are  closed,  and  no  more  blood 
flows  into  the  arterial  system,  the  arteries,  which  were  previously  distended  by 
the  mass  of  blood  suddenly  thrown  into  them,  recoil  or  contract,  so  that  in 
virtue  of  the  elasticity  (and  contractility)  of  their  walls,  they  exert  a  counter- 
pressure  upon  the  column  of  blood,  and  thus  the  blood  is  forced  onwards. 
There  is  a  free  passage  for  it  towards  the  periphery,  but  towards  the  centre 
(heart)  it  impinges  upon  the  already  closed  semi-lunar  valves.  This  develops 
a  new  positive  wave,  which  is  propagated  peripherally  through  the  arteries, 
where  it  disappears  in  their  finest  branches.     In  those  cases  where  there  is 
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sufficient  time  for  the  complete  development  of  the  pulse-curve  (as  in  the  ^oit 
course  of  the  carotids,  and  in  the  arteries  of  the  upper  arm,  but  not  in  those  ot 
the  lower  extremity,  on  account  of  their  length),  a  second  reflected  wave  may 
be  caused  in  exactly  the  same  way  as  the  first.     Just  as  the  pulse  occurs  later 
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Fig-  94- 
I,  II,  III,  aphygDV^jrami  of  cnrotid  ailtry  i  IV,>xill(ry;  V  lo  IXfiadial;   X,  dicrotic  ndial 
pulK;  XI.   Xri,   crural:  Xtll,  posCeiior  tibial;  XIV,  XV,  pedal.     In  all  ihe  curro  P 
indicates  apex ;  R,  dicrotic  wave ;  f,  ^,  elevations  due  lo  elasticity!  K,  elevation  caused  bjr 
ibe  closure  of  the  semi,  lunar  valves  of  Ihe  aorta. 

in  the  more  peripherally  placed  arteries  than  in  those  near  the  heart,  so  the 
secondary  wave  reflected  from  the  closed  aortic  valves  must  appear  later  in  the 
peripheral  arteries.  Both  kinds  of  waves,  the  primary  pulse-wave,  the  secondary, 
and  eventually  even  the  tertiary  reflected  wave — arise  in  the  same  place,  and 
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take  the  same  course,  and  the  longer  the  course  they  have  to  travel  to  any  part 
or  the  arterial  system,  the  later  they  arrive  at  their  destination. 

[Amongit  ibe  comlitioRi  wfaicb  faror  ilkiMbui  iic  low  blood -pressure  and  a  rapid  sharp 
carduc  contractioD.     Wfaen  Ihe  bloodprraarc  u  low,  that  is  less  resisiance  to  the  Inflow  of 

blood  at  the  aoita  from  Ihe  tell  venlriclc,  so  that  ils  sf  stole  occnn  sharply,  forcing  on  the  blood 

and  distending  ihe  arterial  walls.     The  etanic  coats  rebound  on  ihe  contaiaed  blood,  and  ihtu 

Man  a  wave  from  the  closfd  semi-luoar  valves.} 

[Ro;  and  Adaroi  have  shown  that  increased  depth  of  the  dicrotic  notch  is  obtained  "by  any 

cause  which  diminishes  the  volume  of  blood  which  is  thrown  out  by  Ihe  ventricle  at  each  con- 
sul) teaching  on  this  subject),  also  by  any  cause  which,  ta/tris 
ithin  the  systemic  arteries.  Again,  a  pulse-wave  with  greatly 
vitb  intra- arte  rial  pressures  al  or  above  the  normal."  There  are, 
le  increased  dicrotism  of  high  and  of  low  pressure.  From  this  it 
le  putse-wave  is  not  a  safe  guide  (o  the  height  of  the  medium 

regarding  the  dicrotic  wave  have  been  ascertained 
Landois : — 

ccurs  later  in  Ihe  descending  part  of  the  curve,  the 
further  the  artery  experimented  upon  is  distant  from  the  heart.  Compare  the 
curves,  fig.  94. 

TJie  shortest  accessible  course  is  (hat  of  the  carotid;  where  the  dicrotic  wave  reaches  its 
matimnm  0.35  to  0.37  sec.  after  the  beginniDg  of  the  pulse.  In  Ihe  upper  eitremiiy  the  apex 
of  the  dicrotic  wave  is  0.36  to  0.3S  or  0.40  sec.  after  the  beginning  of  the  pulse-beat.     The 


Fig-  9S- 
ScbemaU.  of  pnUe-tracings.     1,  normal;  z,  low  tension  and  soft  pulse;  3,  high  tension  and 
hard  pulse ;  4,  soft  pulse  fully  dicrotic ;  5,  very  soft  pulse  and  hyperdicrotic  ;  R,  resfriratoiy 
or  base  line.     The  dotted  liue  is  put  in  to  show  the  relation  of  the  tidal  wave. 

iODgest  course  is  that  of  Ihe  a 
occurs  04s  to  0.5a  or  0.59  se< 
the  individuaf. 

3.  The  dicrotic  elevation  in  the  descent  is  lower,  and  is  less  distinct,  the  fur- 
ther the  artery  is  situated  from  the  heart,  so  that  the  longer  the  distance  which 
the  wave  has  to  travel  the  less  distinct  it  becomes. 

3.  It  is  best  marked  in  a  pulse  where  the  primary  pulse-wave  is  short  and 
energetic.  It  is  greatest  relatively  when  the  systole  of  the  heart  is  short  and 
enei^etic. 

4.  It  is  better  marked  the  lower  ike  tension  of  the  blood  within  the  arteries, 
[and  is  best  developed  in  a  soft  pulse].  In  fig.  94,  IX  and  X  were  obtained 
when  the  tension  of  the  arterial  was  low ;  V  and  VI,  medium  :  and  VII  with 
Mgi  tension. 

[Soft  and  Hard  Pulse. — A  soft  pulse  may  be  one  with  low  arterial  tension ; 
in  a  hard  pulse  the  tension  is  high.  In  a  so^  pulse  the  dicrotic  wave  is  always 
well  marked,  and  the  tidal  wave  small  or  absent.  In  a  soft  pulse  and  pulse  of 
low  tension,  if  a  line  be  drawn  from  the  apex  of  the  sphygmogram  to  the  lowest 
point  of  the  aortic  notch,  the  tidal  wave,  if  present  at  all,  falls  below  this  line, 
as  in  the  diagram  (fig.  95). 
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In  a  hard  pulse  the  tension  is  high,  and  the  tidal  wave  is  well  marked,  extend- 
ing above  a  line  drawn  from  the  apex  to  the  lowest  point  of  the  aortic  notch.] 

Conditions  iafluencing  Arterial  Tension. — It  ii  diminished  at  the  beginning  of  intpiii. 
lion  (I  74)  by  hemorrhage,  stoppage  of  the  heait,  beat,  an  eievucd  posiliao  of  parts  af  the  body, 
amyl  nitrite,  nitro-glyceiin.  and  the  nitrite*  generally,  [Both  drugs  accetecaie  the  pnlse- 
beatl.  and  produce  marked  dlcrolism ;  with  amyl  nilrile  the  full  tfkct  is  obtained  in  from  15  lo- 
20  sec.  after  the  inhalation  of  the  dose  (fig.  96,  A,  A'),  but  vlih  nitro-glycerin  not  until  6  or  7 
min.  (fig.  96,  B,  B')  and  in  the  latter  Case  the'  effects  last  longer.]  It  is  increased  at  the 
beginnii^  of  expiration  by  accelerated  action  of  the  heart,  stimulalion  of  vaso-motor  nerretr 
diminished  outflow  of  blood  at  the  peripheiy,  and  by  indammaioty  congestion  due  to  certain 


Fig.  96. 

Pulse-tiacingi.     A,  normal;  A',  one  minute  after  inhalation  of  amyl  nitrile;  B,  normal ; 

B'  after  a  dose  of  nitro-glycerine  {Stirling;  after  JHurrell). 

poisons,  as  lead ;  compression  of  other  large  arterial  trunks,  action  of  cold  and  electricity  on  the 
small  cutaneous  vessels,  and  by  impeded  outflow  of  venous  blood.  When  a  large  arterial  irunli 
is  exposed,  the  ximulalion  of  the  air  causes  it  10  contract,  resulting  in  an  increased  tension 
within  the  vessel.  In  many  diseased  conditions  the  arterial  tension  is  greatly  increased — [t-g^i 
in  Brighl's  diseaK,  where  Ihekidney  is  coocracted  ("  (rranular"),  and  where  the  left  ventricle  is 
bypertrophied,] 

In  all  these  conditions  increased  arterial  toinon  is  indicated  by  the  dicfotic  wave  being  lea 
high  and  less  distinct,  while  with  diminislied  arterial  tension  it  it  a  lai^r  and  apparently  more 
independent  elevation.  Moens  has  shown  that  the  time  between  the  primary  elevation  and  the 
dicrotic  wave  increases  with  increase  in  the  diameter  of  the  lube,  with  diminution  of  its  thickness, 
and  when  its  coefficient  of  elasticity  diminishes. 

[^The  dicrotic  wave  is  aticent  or  hot  slightly  mailed  in  casci  of  atheroma  and  in  aortic  regnigi- 
tation  (fig  97).     In  this  fig.  observe  also  the  vertical  character  of  the  ap-stroke.} 

Elastic   Elevations. — Besides   the   dicrotic 

wave,  a  number  of  small   less-marked  elevations 

occur  in  the  course  of  the  descent  in  a  sphygmo- 

gram  (fig.  94,  e,  e).     These  elevations  are  caused 

by  the  elastic  tube  being  thrown  into  vibrations 

by  the   rapid   energetic    pulse-wave,    just   as  an 

elastic  membrane  vibrates  when  it  is  suddenly 

stretched.     The  artery  also  executes  vibratory 

movements  when  it  passes  suddenly  from  ttie  dls- 

'^-  '^'  tended  to  the  relaxed  condition.     These  small 

Aomc  regu^iaiion.  elevations  in  the  pulse-curve,  caused  by  the  elastic 

vibrations  of  the  arterial  wall,  are  called  "  elastic  elevations"  by  Landois. 

(i)  The  elastic  vibrations  increase  in  number  in  one  and  the  same  artery 
with  the  degree  of  tension  of  the  elastic  arterial  wall.  A  very  high  tension  oc- 
curs in  the  cold  stage  of  intermittent  fever,  in  which  case  these  elevations  are 
well  marked. 

(a)  If  the  tension  of  the  arterial  wall  be  greatly  diminished)  these  elevations 
may  disappear,  so  that,  while  diminished  tension  favors  the  production  of  the 
dicrotic  wave,  it  acts  in  the  opposite  way  with  reference  to  the  "  elastic  eleva* 
tions."  (3)  In  diseases  of  the  arterial  walls  affecting  their  elasticity,  these 
elevations  are  either  greatly  diminished  or  entirely  abolished.  (4)  The  farther 
the  arteries  are  distant  from  the  heart,  the  higher  are  the  elastic  elevations.  (5) 
When  the  mean  pressure  within  the  arteries  is  increased  by  preventing  the  out- 
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4ow  of  blood  from  them,  the  elastic  vibrations  are  higher  and  nearer  the  apex 
of  the  curve.  (6)  They  vary  in  number  and  length  in  Uie  pulse-curves  obtained 
from  different  arteries  of  the  body. 


69.  Dicrotic  Pulse. — Sometimes  during  fever,  especially  when  the  tem- 
perature is  high,  a  dicrotic  pulse  may  be  felt,  each  pulse-beat  as  it  were,  being 
composed  of  two  beats  (fig.  94,  X),  one  beat  being  large  and  the  other  small, 
and  more  like  an  afler-beat.  Both  beats  correspond  to  one  beat  of  the  heart. 
The  two  beats  are  quite  distinguishable  by  the  touch.  The  phenomenon  is 
only  an  exaggerated  condition  of  what  occurs  in  a  normal  pulse.  The  sensible 
second  beat  is  nothing  more  than  the  greatly  increased  dicrotic  elevation,  which, 
under  ordinary  conditions,  is  not  felt  by  the  finger. 

Conditioni  for  DicrotlBm. — The  occurrcDCe  of  a  dicrotic  pulse  ia  favored  (l)  bjr  a  iboit 
primary  pulie-wave,  as  in  fercn,  where  Ibe  heut  beats  rapidly. 

(l)  By  dimiHithid  arterial  ttttsion.  A  short  systole  and  diminished  arterial  blood-presuiie 
iR  Ibe  most  favorable  conditions  for  causing  a  dicrotic  pulse.  [So  that  dicrolisin  is  best  marlied 
in  a  soft  pulse  (p.  I30).]  The  double  beat  may  be  felt  only  at  certaio  parts  of  tbe  arterial  sys- 
tem, whilst  at  other  parts  Only  a  Mngle  beat  is  felt.  A  favorite  site  is  the  niiial  artery  of  one  or 
other  side,  where  conditions  favorahle  to  its  occurrence  appear  to  exist.  Tlus  seems  to  be  due 
to  a  local  dimiaution  of  tbe  blood-pressure  in  Ibis  area,  owing  to  the  paralysis  of  its  vaso-motw 
Derrej  [Landeit),  If  the  tension  be  increased  by  compressing  other  large  arterial  Irutiks  or  the 
Ttini  Di  the  part,  the  double  beat  becomes  a  simple  pulse  beat.  The  dicrotic  palse  in  fever 
scent  to  be  due  to  tbe  increased  temperature  (39°  to  40"  C),  whereby  tbe  arteiy  is  more  dis. 
fadnf,  and  the  heart-beat  is  shorter  and  more  prompt. 


Fig.  98. 
Derekfiment  of  the  Pulsus  dicTotas — P.  capriuns;  P.  monocrotus. 

(3)  It  is  absolutely  neceasary  that  the  tlailidly  of  Iki  arterial  mall  bt  normal.  The  dicrotic 
poise  does  not  occur  in  old  persons  with  atheromatous  arteries. 

Monocrotic  Pulse. — In  fig.  9S,  A,  B,  C,  we  observe  a  gradual  passage  of  the  norma]  radial 
curve,  .K,  into  the  dicrotic  beat,  B,  and  C,  where  the  dicrotic  wave,  r,  appears  as  an  independent 
devttion.  If  the  frequency  of  the  pulse 
incteases  more  and  more  in  fever,  the  T. 
Deit  fcllowing  puUe-beal  may  occu 
llie  ascending  part  of  the  dicrotic  w 
D,  E,  F,  and  it  may  be  even  close  to 
^ot  of  tbe  latter  (G)  (P.  caprizana). 
Il  the  neit  following  beat  occurs  in  the  Fig.  ^ 

&^'''  i'  ^?!^-"'^  ^"^"^  1"  Hyperdicrotic  pulse. 

*atioa,/ and  tbe  dicrotic  elevation,  r,the  "^  '^ 

latter  entiiely  disafqiears  and  the  curve,  H,  assumes  what  Landois'  calls  tbe  ' 

[Degree*  of  Dicrotiam. — When  the  aortic  notch  reaches  tbe  respiratory  or  base  line,  (he 
tidal  wave  having  disa|^ared,  the  pulse  is  said  to  be  fully  dicrotic  (Rg.  95).  When  the  aortic 
nXch  falli  below  the  faouc  line,  i.  r,,  below  where  the  up-stnike  begins,  the  pulse  is  said  to  be 
bypenlicrotic  (ligi.  95,  99).  This  form  occurs  during  high  fever  (l04°F.),  and  is  usually  a 
Snn  sign,  indicating  exhaustion  and  the  need  for  stimulants.] 
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[Sec.  70-. 


70.  CHARACTERS  OF  THE  PULSE.— [The  three  factors  con- 
cerned in  the  production  of  the  pulse  are,  (i)  the  action  of  the  heart,  (2)  the 
elasticity  of  the  large  vessels,  (3)  the  resistance  in'  the  small  arteries  and  capil- 
laries.    Any  or  all  or  several  of  these  factors  may  be  modified.] 

(i)  Frequency. — According  as  a  greater  or  less  number  of  beats  occurs  in  a  given  time, 
^.  ^.,  per  minute,  the  pulse  is  said  to  be  frequent  or  infrequent.  The  normml  rate,  in  man  =  71 
per  minute,  and  somewhat  more  in  the  female;  in  fever  it  may  exceed  120  (250  have  been. 
counted  by  Bowles),  while  in  other  diseases  it  may  fall  to  40,  and  even  10  to  15;  but  soch 
cases  are  rare  and  are  probably  due  to  an  affection  of  the  cardiac  nerves  ({41).  The  frequency 
of  the  pulse  is  usually  increased  when  the  respirations  are  deeper^  but  not  more  numerous,  r.  e.^ 
rapid  shallow  respirations  do  not  affect  the  frequency  of  the  pulse,  but  deep  respirations  do. 
[The  frequency  may  be  regular  or  irregular  with  regard  lo  time.] 

(2)  Celerity  or  Rapidity. — If  the  pulse- wave  is  developed,  so  that  the  distention  of  the  artery 
slawly  reaches  its  height,  and  the  relaxation  also  takes  place  gradually,  we  have  the  p.  tardns 
or  slow  or  long  pulse ;  the  opposite  condition  gives  rise  to  the  p.  celer  or  quick  or  short  pulse. 
The  rapidity  of  the  pulse  is  increased  by  quick  action  of  the  heart,  power  of  expansion  of  the 
arterial  walls,  easy  efflux  of  blood  owing  to  the  dilatation  of  the  small  arteries,  and  by  nearness 
to  the  heart.  [The  quickness  has  reference  to  a  single  pulse  beat,  iht  frequency  to  a  number"  of 
beats.]  In  a  quick  pulse,  the  curve  is  high  and  the  angle  at  the  apex  is  acute,  while  in  a  slow 
pulse  the  ascent  is  low  and  the  angle  at  the  apex  is  large. 

(3)  Conditions  affecting  the  Pulse-rate. — Frequency  in  Hetdth. — In  man  the  normal 
pulse-rate  =71  to  72  beats  per  minute,  in  the  female  about  80.  In  some  individuals  the  pulse- 
rate  may  be  higher  (90  to  100),  in  others  lower  (50),  and  such  a  fact  must  be  borne  in  mind. 

(a)  Age  :— 


Beats  per 

Beats  per 

Beats  per 

Minute. 

Minute. 

Mtnate. 

Newly  bom. 

130  to  140 

5  years, 

.     94  to  90 

25  to  50  years. 

70 

I  year. 

120  to  130 

10    *« 

.    about  90 

60  years, 

74 

2  years. 

.      105 

10  to  15  years. 

.     78 

80    " 

79 

3    " 

100 

15  to  20    •« 

.     70 

80  to  90  years,     . 

over  8a 

4    " 

.      97 

20  to  25    " 

.     70 

(b)  The  length  of  the  body  has  a  certain  relation  to  the  frequency  of  the  pnlse.     The  fol- 
lowing results  have  been  obtained  by  Czamecki  from  the  formulae  of  Volkmann  and  Rameaux  : — 


Length  of  Body 
in  cm. 
80  to    90, 

90  to  100, 
100  to  1 10, 
no  to  120, 

120  to  130, 

130  to  140, 


Pulse. 
Calculated.  Observed. 
90  103 

86  91 

81  87 

78  84 

75  78 

72  76 


Len^h  of  Body 
m  cm. 

Pulse. 
Calculated.  Observed 

140  to  150, 
150  to  160, 
160  to  170, 
170  to  180, 
Above  180, 

69                74 
67              68 
65              65 
63              64. 
60             6a 

(c)  The  pulse-rate  is  increased  by  muscular  activity ^  by  every  increase  of  the  arterial  blood- 
pressure,  by  taking  of  food,  increased  temperature,  painful  sensations,  by  psychical  disturbances,, 
and  [in  extreme  debility'].  Increased  heat,  fever,  or  pyrexia  incrdises  the  frequency,  and  as  a 
rule  the  increase  varies  with  the  height  of  the  temperature.  [Dr.  Aitken  states  that  an  increase 
of  the  temperature  of  i^  F.  above  98^  F.  corresponds  with  an  increase  of  ten  pulse-beats  per 
miuute ;  thus — 


Temp.  F. 
980      . 

Pulse-rate. 

Temp.  F. 

Pulse-rate. 

Temp.  F. 

Pulse-rate. 

• 

60 

lOI® 

• 

90 

1040 

• 

120 

99«     . 

• 

70 

102® 

» 

100 

105® 

• 

130 

100® 

• 

80 

I030      . 

• 

no 

1060      . 

• 

140 

This  is  merely  an  approximate  estimate].  It  is  more  frequent  when  a  person  is  standing  than 
when  he  lies  down.  Music  accelerates  the  pulse  and  increases  the  blood*pressure  in  dogs  and 
men.     Increased  barometic  pressure  diminishes  the  frequency. 

The  Variation  of  the  Pulse-rate  during  the  day. — 3  to  6  A.  M.  ^  61  beats;  8  to  ii>^ 
A.  M.  =  74.  It  then  falls  towards  2  p.  M  ;  towards  3  (at  dinner-time)  another  increase  takes  place 
and  goes  on  until  6  to  8  P.  M.  :=  70;  and  it  falls  until  midnight  =  54.  It  then  rises  again  towards 
2  A.  M.,  when  it  soon  falls  again,  and  afterwards  rises  as  before  towards  3  to  6  A.  M. 
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[PnlM-rate  in  Aninala.— (Co/jh.) 


Elq*«,t,     .          . 

'^i 

Liooe»,       .         .               68    ■ 

Rabbit, 

c™d.       .       , 

Tiger,                                 74 

MoDse, 

Glrdlt, 

Sheep,                          70-80 

Goose, 

Hon«, 

36-40 

Go«,                            70-80 

Pigeon,          .         . 

Ox,      ,          .          , 

45-50 

Leopud,      .                       60 

Hen,    . 

T.pir, 

43 

Wolf  (femiae),     ,               96 

Snake,  . 

A«.    .         .         . 

46-so 

Hyseoa,       .                       55 

Carp,     .         , 

KS,    .         . 

70-80 

Dog,                           90-100 

Frri,    .         .         , 

Uo.,  . 

40 

Cw,    .                      120-140 

SalsmaDder, .        . 

(4)  Varimliona 

n  the  Pulse- Rhythm  (AUorhythTnia).— On  applying  the  ling 

normal  pnUe,  we  feci  beat  after  beat  occurring  at  apparently  equal  intervals.  Sometimes  id 

Dial  leries  a  beat  i>  omitted  =^  pulsus  inlennitlens,  or  intermittent  pulse.   [In  feeling  ai 

minent  pulse,  we  imagine 

or    bare    ibe    imprcssoo  ■ 

that    a    beat    ii    omiltei' 

This  may  be  due  to  a  ri 

flex  anest  of  the  Tcnlricu 

lar  coniraction  canied  b 

digeMiTC  deiangemenl,  i 

'°  l^t  Fig.  100. 

Pultus  altemant. 


ligniGcance ; 


ofailor 


of  It 


tiicnlar  action,  iniermittenl  pulse   is  a  serious  symptom,  being   frequently  present  when  (he 

mmcolar  walls  arc  dcgeneraled].     At  other  times  the  beat*  become  smaller  and  amaller,  and 

after  a  certain  lime  begin  as  before  ^  p. 

myunia.    When  an  extra  beat  is  intercal-  | 

■ted  in  a  normal  series  ^  p.  il 

The  regular  alternation  of  a  high  and  ton  I 

beat  =  p.  altemanB  (Gg.  100).  In  the  p.  , 

biKcmuiil*  of  Traube  the  bests  occur  in  I 

pain,  so  that  there  is  a  longer  pause  after 

ereiy  two  beats  (fig.  toi ).     Traube  found  p. 

that  he  could  produce  this  fonn  of  pulse  ''' 

in  cniariied  dogs  by  .toppit^  the  artificial  ™ls"s  bigemmns. 

iTspiraiion  for  a  long  lime.     The  p.  tri|^mtus  and  p.  quadiigeminuB  occur  in  Ihe  same  way, 

bat  the  irr^nlaiities  occur  after  every  third  and  fourth  beat.     Knoll  found  that  in  animals  such 

irregularitie*  of  the  poise  were  apt  to  occur,  as  well  as  great  irregularity  in  the  rhythm  generally 

whoi  there  is  much  resislance  to  [he  circulation,  and  consequently  the  heart  has  great  demands 

aptn  its  energy.     The  same  occurs  in   man  where  an  improper  relation  exists  between  Ihe  force 

of  tbe  cardiac  muscle  and  Ibe  work  it  has  to  do  {Ritgil).     Complete  irregularity  of  Ihe  heart's 

aclioo  is  called  arhyttamia  cordis. 

71.  VARIATIONS  IN  THE  CHARACTERS  OF  THE  PULSE.— Compresai- 
bitity.- — ^The  relative  strength  or  compressibility  of  the  pulse  (p.  fortis  and  debilis),  i,  t., 
whether  Ihe  poise  is  iireng  or  wiai,  is  esiioiBted  by  the  weight  which  tbe  pulse  is  able  to  raise. 
A  iphygnsograph,  provided  with  an  index  indicating  the  amount  of  pressure  exerted  upon  the 
spring  preming  upon  (he  artery,  may  be  used  (tig.  Sj).  In  this  cose,  as  soon  as  the  pressure 
eiertednpoD  the  artery  overcomes  tbe  pulse- beat,  the  lever  ceases  to  move.  The  viright  tmployid 
autieaUs  fit  strmglh  of  Ike  fulie.  [The  finger  m^  be,  and  generally  is  used.  The  finger  is 
pteised  upon  the  artery  until  Ihe  ptuse-beat  in  the  artery  btyottd  the  point  of  pressure  is  oblit- 
erated. Id  health  it  requires  a  pressure  of  several  ounces  to  do  this.  Handfield  Jones  nses  a 
QCIcr  for  this  porpose.  It  is  cooslructed  like  a  Cylindrical  letter- weight,  and  tbe 
exerted  by  meaiu  of  a  spiral  spring  which  has  t>eea  carefully  graduated.]  The  pulse 
is  hard  and  soft  when  the  aitery,  according  to  the  mean  blood  pressure,  gives  a  feeling  of  greater 
•a  less  resistance  to  the  finger,  and  this  quite  independent  of  the  energy  of  the  individual  pulse- 
tieali  (p.  durus  and  mollis).  In  estimating  the  lenaion  of  the  aitcry.  1. 1.,  whether  it  is  hard  or 
jBff,it  is  important  to  observe  whether  the  artery  ha»this  quality  only  during  the  pulse-wave,  i.  r  , 
if  il  is  hard  during  diastole,  or  whether  it  is  bard  or  soli  during  the  period  of  rest  of  the  arterial 
wall.  All  artoies  are  hardc  and  less  compressible  during  the  pulse  beat  than  during  the  period 
of  test,  bitt  an  artery  which  is  very  hard  during  tbe  pulse  beat  maybe  hard  also  during  tbe 
panse  between  the  pulse-beals;  or  it  may  be  very  soft,  as  in  insufficiency  of  tbe  sortie  valves. 
In  tbe  latter  eaae,  after  the  systole  of  the  left  veolricle,  owing  to  tbe  incompetency  of  the  aortic 
■aui-lunar  valvea,  a  large  amount  of  blood  flows  back  into  the  ventricle,  so  thai  the  arteries  are 
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iherebir  suddenly  rendered  paitialty  empty.  [The  sudden  collapse  of  the  aitery  giTcs  lue  to 
the  charncteriMic  "  palie  of  unfilled  uleries"  (%.  97),  somclima  also  called  "  Corrigaii'i  poise."} 

Under  limilBr  conditions,  the  volume  of  the  pulse  is  obvious  from  Ihe  size  of  ifae  »[di^nio- 
gram,  so  thai  we  speak  of  a  large  and  a  imall  or  Ihready  pulse  (p.  magnus  and  parvus).  Sooe- 
tioKS  the  pulse  Is  so  thready  and  of  such  diminiBbed  volume  that  it  can  scarcely  be  felL  A 
■c  pulse  occur*  in  disease  when,  owing  to  hypertrophy  of  the  left  ventricle,  a  U^e  amoanl 
'Elood  is  forced  into  the  aorta.  A  imall  paUe  occurs  under  the  opposite  condition,  when  a 
small  amount  of  blood  is  forced  into  the  aorta,  either  from  a  diminution  i>f  the  total  amoont  at 
the  blood,  or  from  the  aortic  orifice  being  narrowed  [aortic  stenosis],  or  from  disease  of  the 
mitral  valve  1  again,  where  the  ventricle  contracts  feebly,  the  pulse  becomes  small  and  thready. 

ComjMre  the  two  radial*.  Somcliiocs  th«  pulse  difiers  on  the  two  sides,  or  it  may  beabaenl 
on  one  side.  [The  pulse  wave  in  the  two  radials  Is  often  ditTerent  when  an  aneurism  is  present 
on  one  side.] 

Angiometer.. — Waldenburg  constructed  a  "  pulse-clock  "  to  register  the  tension,  the  diameter 
of  the  artery,  and  the  volume  of  the  pulse  upon  a  dial.  It  does  not  give  a  gr^>hic  tracing,  the 
results  being  maiked  by  the  poiiiioD  of  An  indicator. 

71.  THE  PULSE  CURVES  OP  VARIOUS  ARTBRIB^— I.  Carotid  (fig.  94, 1, 
II,  111;  fig.  94,  C  and  C,).  The  ascending  part  is  very  steep— the  apea  of  the  curve  (^.94,  P) 
is  sharp  and  high.  Below  the  apei  there  is  a  wnall  notch — the  "  aortic  notch  "  (fig.  94,  K) — 
which  depeudl  on  a  positive  waie  formed  in  ihe  root  of  the  aorta,  owing  to  the  clocure  of  Ihe 
aortic  valves,  and  propagated  with  almost  wholly  undiminished  energy  into  ihe  carotid  artery. 
Quite  close  to  this  notch,  if  the  carve  be  oblaiaed  with  minimal  friction,  the  first  elastic  vibratioD 
occurs  (fig.  94,  II,  ')-  Above  the  middle  of  the  descending  part  of  the  curve  is  the  dicrotic  eleva- 
vation,  R,  produced  by  the  reflection  of  a  positive  wave  from  the  already  closed  semi-loDar  valves. 
The  dicrotic  wave  is  relatively  small  on  account  of  the  high  tension  in  the  carotid  artery.  Afiei 
this  the  curve  falls  rapidly,  hut  in  its  lowest  third  two  small  elevations  may  be  seen.  Of  these 
the  former  is  due  to  elastic  vibration.  The  latter  repreMuls  a  tt(9nd  dicrotic  wave  (fig.  94,  HI, 
R).  Here  ihere  is  a  true  triietisin,  which  is  more  easily  obtained  from  Ihe  carotid  on  accoaut  of 
the  shortness  of  the  arterial  channel. 

3.  Axillary  Artery  (fig  94,  IV).  Inthis  curve  the  ascent  is  very  steep,  while  in  the  descent 
rKar  the  apex  there  is  a  small  (aortic)  elevation,  K,  caused  by  a  positive  wave,  produced  by  the 
closure  of  the  aortic  valves.  Below  the  middle  there  is  a  tolerably  high  dicrotic  eleratioo,  R, 
higher  than  in  the  carotid  curve ;  because  in  the  aiiliiry  artery  the  arterial  tension  is  less,  and 
permits  a  greater  development  of  the  dicrotic  wave.     Further  on,  two  or  three  small  elastic  vibra- 

3.  Radial  Artery  (fig.  94,  V  to  X 1  %.  106,  R  and  R,).  The  line  of  ascent  (fig.  94)  is  toler- 
ably high  and  sudden — -somewhat  in  the  form  of  a  long^  The  apci  P  is  well  marked.  Below 
this,  if  the  tension  be  high,  two  elastic  vibrations  may  occur  (V,  e,  r|,  but  if  it  be  low  only  ooe 
(VI  to  IX,  c).  About  the  middle  of  the  curve  is  the  well-marked  dicrotic  elevation,  R.  This 
wave  is  least  pronounced  in  a  small  hard  pulse,  and  when  the  aitoy  is  much  distended  (fig.  94, 
VII,  R) ;  it  is  la^r  when  the  tension  is  low  (fig.  94,  IX,  R),  and  is  greatest  of  ail  when  the 
pulse  is  (Xerotic  (X.  R).    Two  or  three  small  elastic  elevations  occur  in  Ihe  lowest  part  of  the 

4.  Femoral  Artery  (fig.  94,  XI,  XII).     The  ascent  is  steep  and  high — Ihe  apex  of  Ihe  curve 

is  not  unfreiguently  broad,  and  in  it  the  closure  of  the  aortic 
valves  (K)  li  indicated.  The  curve  falls  rapidly  towards  its 
lowest  third.  The  dicrotic  elevation,  R,  occurs  late  after  the 
beginning  of  the  curve,  and  Ihere  are  also  small  elastic  eleva- 

Pedal  Artery  (fig.  94,  XIV,  XV),  and  Poatarior  mrial 
(XIII).  In  pulse-curves  obtained  from  these  arteries  Ihere  are 
well-marked  indications  that  the  apparalos  (heart)  producing 
the  waves  is  placed  at  a  considerable  distance.  The  ascent  ii 
Fig.  102.  oblique  and  low — the  dicrotic  elevation  occurs  late.  Two  elastic 


Curve    of  posterior   tibial. 


vibrations  (fig.  94,  XIV,  i,  t)  occur  in  the  descent,  but  they  are 


Writ,™   "Chr  ■  "^  ^'^^  '°  tt^e  "P"'.  "'■'•e  the  elastic  vibrations  .1 

™^^,„SL  ,    ih^T„     P»«  of  the  curve  a^fiebly  marked.     Fig.  .02  is  from  the  pc 
m^    upon  a  vioraimg     ^^-^^  ^^^     ^j^^  measured,  it  gives  the  following  results  :— 
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:  vibration  is  1=  0.01613  see. 
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the  number  of  vibntiao*  depend*  peatly  upon  the  lenaioD  of  the  anenal  walli.  The  disten- 
tioD  of  the  uterr,  or  whU  is  the  same  thing,  the  oMeat  of  the  aphygrociemn.  UEoallr  occius 
10  npidly  that  it  is  equal  to  ant  elastic  vibration.  The  elomgitedy  shape  of  the  ascent  is  funda- 
mentally JDit  a  prolonged  clastic  vibration.  When  the  number  of  vibrations  causing  the  elastic 
TaiiatioD  is  small,  and  wben  the  line  of  ascent  is  prolonged,  two  elevaiiDni  occasionally  occur  in 
the  lineof  ascenL  Such  a  condition  may  occur  nonnally  (fig.  94,  VIII,  at  I  and  a;  X,  at  I  and 
2).  When  •  series  of  closely-placed  elastic  vibrations  occur  in  ijie  upper  part  of  the  line  of  ascent, 
so  Ibat  the  apex  appears  dentale  and  fomu  an  angle  with  the  line  of  ascent,  then  the  condition 
becomes  one  of  Ulacrotiam  (6g.  103,  a,  a,),  which,  when  it  is  so  marked,  may  be  characletiied 


as  puhological.  Anacrotism  of  the  pulse  occurs  when  the  time  of  the  influx  of  the  blood  i 
longer  than  the  tine  oecnpicd  by  an  elutic  vibration.     Hence  it  takes  place  : — 

|i)  In  dilatation  and  bjmenrophy  of  the  left  ventricle,  t.g.,  Eg.  103,  A,  a  tiacii^  from 
the  radial  artery  of  a  man  snnering  from  contracted  kidney,  the  large  volume  of  blood  exjlelled 
wi[h  each  Kystole  requires  a  long  time  to  dilate  the  tense  arteries. 

(z)  When  the  estenBibility  of  the  arterial  wall  is  diminiahed,  even  the  nonoal  amount  of 
blood  expelled  from  the  heart  at  every  systole  requires  a  long  time  to  dilate  the  artery.  This 
occurs  in  old  people  where  the  arteries  teitd  to  becOme  rigid,  e.  g.,  in  atheroma.  Cold  also 
slinnlates  the  irteiics  so  that  they  Itecome  less  extensile.  Wilhio  one  hoar  afler  a  tepid  bath, 
llie  pulse  assumes  the  anacrotic  form  (fig.  103,  D)  ( G.  v.  Liebig). 

(3)  When  the  blood  stagnates  in  consequence  of  great  diminution  in  the  velocity  of  the  blood- 
stream, as  occurs  in  paralyied  llmba,  the  volume  of  blood  propelled  into  the  arteiy  at  every 
sy«ole  DO  longer  produces  the  normal  distention  of  the  arterial  coals,  and  anacrotic  notches 
occur  (%.  103.  B). 

[4]  After  ligature  of  an  artery,  when  blood  slowly  teaches  the  peripheral  port  of  the  Vessel 
through  a  relatively  small  collateral  drculation,  it  also  occurs.  If  the  brachial  artery  be  com- 
preucd  so  ihat  the  blood  slowly  reaches  the  radial,  the  radial  pulse  may  become  anacrotic. 
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fig.  103. 
Anacrotic  radial  pulse. tracings. 

It  oiien  o:can  in  stenosis  ol  the  aorta,  as  the  blood  bas  difficulty  in  getting  into  the  aorta  (fig. 
103,  cv 

Recurrent  Pulse. — If  the  radial  artery  be  compressed  at  the  wrist,  the 
palse-be%t  reappears  on  the  distal  side  of  the  point  of  pressure  through  the 
arteries  of  the  palm  of  the  hand  {Janaud,  Neidert).  The  curve  is  anacrotic, 
and  the  dicrotic  Wave  is  diminished,  while  the  elastic  elevations  are  increased. 

(S)  A  qxcial  form  of  anacrotism  occurs  in  coses  of  well-marked  insufficiency  of  the  aortic 
▼aives.  Practically,  in  these  cases,  the  aorta  remains  penuanentlj'  open.  The  contrtction  ol 
the  left  aaricle  causes  in  the  blood  a  wave-motion,  which  is  at  once  propagated  through  the 
open  mouth  of  the  aorta  into  the  large  blood-vessels.  This  wave  is  followed  by  Ihe  wave  caused 
^r  the  contraction  of  the  hypertrophied  left  ventricle,  but  of  course  the  former  wave  is  not  so 
loige  as  the  latter.  In  insuniclency  of  the  aortic  valves,  the  auricular  wave  occurs  before  the 
ventricnlar  wave  in  the  ascending  port  of  the  Curve,  The  auricular  is  well  marked  only  in  the 
lai^  vessels,  iat  it  soon  becomes  lost  in  the  peripheral  vessels.  Fig.  104,  I,  was  abtiined  frmn 
the  c«Txi(id  of  a  man  suffering  from  tuttt-marked  insufficiency  of  the  aortic  valves,  with  con- 
sideralile  hypertrophy  of  the  left  ventricle  and  the  left  auricle.  The  ascent  is  sleep,  caused  by  the 
iaret  of  the  contracting  heart.  In  the  apex  of  the  curve  arc  two  projections;  A  is  the  anacrotic 
auricular  wave,  and  V  is  the  ventricular  wave.  Fig,  104,  11,  is  a  curve  olitained  from  the  sub- 
claviaH  arliry  o(  the  same  iudividuaL  In  the  femoral  artery  the  auricular  projection  is  only 
obtaiued  when  the  friction  of  the  writing-style  is  reduced  to  the  minimum,  and  when  it  occurs 
it  immediately  precedes  the  tieginning  of  the  ascent  (tig.  98,  III,  a).  The  pulse-curve,  in  cases 
of  aortic  insoSieicncy,  is  also  i^aracteriied  by — (l)  its  considerable  height;  (2)  the  rapid  &1I 
of  ibe  lever  from  the  apex  of  the  curve,  because  a  large  part  of  the  biood  which  is  forced  into 
Che  Hnta  regurgitates  into  the  left  ventricle  when  the  ventricle  relaxes;  (3)  not  unfrequently  a 
projection  occurs  at  Ihe  apex,  due  to  the  elastic  vibration  of  the  tense  anetial  wall ;  (4)  the 
dicrotic  wave  (R)  is  unall  compared  with  Ibe  size  of  the  curve   itself,  because  the  pulse-wave, 
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owing  10  ihe  Iciion  of  the  aortic  vUtcg,  has  not  a  snfhcienily  Ui^e  (arrac«  (o  be  reflected  from 
(fig.  97).  The  great  height  of  Ihe  curve  is  explained  by  ihe  large  amooDt  of  blood  projected 
nto  (be  aortic  tTilein  by  the  greatly  hypeitrophied  and  diUted  Tentricle. 

74.  INFLUENCE  OF  RESPIRATION  ON  THE  PULSE- 
CURVE. — The  respiratory  movements  influence  the  pulse  in  two  difTerent 
ways — (1)  in  a  purely  physical  way.  Stated  broadly,  the  blood -pressure  is 
lowest  at  the  beginning  of  inspiration  and  highest  at  the  beginning  of  expira- 
tion ;  but  when  we  consider  the  effect  on  the  pulse-curve,  it  is  found  that  it 
varies  with  the  depth,  rapidity,  and  ease  of  respiration ;   (z)  the  respiratory 


Fig  104. 
I,  II,  III,  curves  with  anacrotic  elevaiioni,  a,  in  inaulliciency  of  the  aortic  valves. 

movements  are  accompanied  by  stimulation  of  the  vasomotor  centre,  which 
produces  variations  of  the  blood- pressure. 

I.  Normal  Respiration. — Fig.  105  shows  what  sometimes,  but  by  no 
means  always,  happens.  During  inspiration,  owing  to  the  dilatation  of  the 
thorax,  more  arterial  blood  is  retained  within  the  chest,  while  at  the  same  titne 
venous  blood  is  sucked  into  the  right  auricle  by  the  inspiration  of  the  thorax  ; 
as  a  consequence  of  this,  at  first  the  tension  in  the  arteries  must  be  less  during 
inspiration.  The  diminution  of  the  chest  during  expiration  favors  the  flow 
in  the  arteries,  while  it  retards  the  flow  of  the  venous  blood  in  the  venas  cavae, 
two  factors  which  raise  the  tension  in  the  arterial  system.     The  expiration  pre- 


loRnence  of  the  reipiratic 


ceding  an  inspiration  causes  less  blood  to  flow  to  the  heart,  hence  the  contrac- 
tions of  the  heart  at  Che  beginning  of  inspiration  do  not  fill  the  aorta  so  fiill ; 
the  opposite  result  obtains  with  the  inspiration  preceding  the  expiration.  The 
difference  of  pressure  explains  the  difference  in  the  form  of  the  pulse-curve 
obtained  during  inspiration  and  expiration,  as  in  fig.  105  and  fig.  94, 1,  III,  IV, 
in  which  J  indicates  the  part  of  the  curve  which  occurred  during  inspiration, 
and  E  the  expiratory  portion.  The  following  are  the  points  of  difference : — 
(i)  The  greater  dblention  of  the  arteries  during  expiration  causes  all  the  parts 
of  the  curve  occurring  during  this  phase  to  be  higher;  (2)  the  line  of  ascent  is 
lengthened  during  expiration,  because  the  expiratory  thoracic  movement  helps 
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to  increase  the  force  of  the  expiratory  wave ;  (3)  owing  to  the  increase  of  the 
pressure,  the  dicrotic  wave  must  be  less  during  expiration  ;  (4)  for  the  same 
reason  the  elastic  elevations  are  more  distinct  and  occur  higher  in  the  curve 
near  its  apex.  The  frequency  of  the  pulse  is  slightly  less  during  expiration 
than  during  inspiration. 

2.  This  purely  mechanical  effect  of  the  respiratory  movements  is  modified  by 
the  simultaneous  stimulation  of  the  vasomotor  centre  which  accompanies 
these  movements.  At  the  beginning  of  inspiration  the  blood-pressure  m  the 
arteries  is  lowest,  but  it  begins  to  rise  during  inspiration,  and  increases  until 
the  end  of  the  inspiratory  act,  and  reaches  its  maximum  at  the  beginning  of 
expiration ;  during  the  remainder  of  the  expiration  the  blood-pressure  falls  until 
it  reaches  its  lowest  level  again  at  the  beginning  of  inspiration  (compare  § 
85,y) ;  the  pulse-curves  are  similarly  modified,  and  exhibit  the  signs  of  greater 
or  less  tension  of  the  arteries  corresponding  to  the  phases  of  the  respiratory 
movements.  [There  is,  as  it  were,  a  displacement  of  the  blood-pressure  curve 
relative  to  the  respiratory  curve.] 

Forced  Respiration. — With  regard  to  the  effect  produced  on  the  pulse- 
curve  by  a  powerful  expiration  and  a  forced  inspiration,  observers  are  by  no 
means  agreed. 

Valsalva's  Experiment. — Strong  expiratory  pressure  is  best  produced  by 
closing  the  mouth  and  nose,  and  then  making  a  great  expiratory  effort  (§  60) ; 
at  first  there  is  increase  of  the  blood-pressure,  while  the  form  of  the  pulse-waves 
resembles  that  which  occurs  in  ordinary  expiration,  the  dicrotic  wave  being  less 
developed ;  but,  when  the  forced  pressure  is  long  continued,  the  pulse-curves 
have  all  the  signs  of  diminished  tension.  The  effect  is  due  to  the  action  of  the 
vasomotor  centre,  which  is  affected  reflexly  from  the  pulmonary  nerves.  We 
must  assume  that  forced  expiration,  such  as  occurs  in  Valsalva's  experiment, 
acts  by  depressing  the  activity  of  the  vasomotor  centre  (§371,  II. )•  Coughing, 
singing,  and  declaiming  act  like  Valsalva's  experiment,  while  the  frequency  of 
the  pulse  is  increased  at  the  same  time.  After  the  cessation  of  Valsalva's  ex- 
periment, the  blood-pressure  rises  above  the  normal  state  (JScmmerbrodt)  almost 
as  much  as  it  fell  below  it,  the  normal  condition  being  restored  within  a  few 
minutes  {Zenzmann), 

MOller's  Experiment. — When  the  thorax  is  in  the  expiratory  phase,  close 
the  mouth  and  nose,  and  take  a  deep  inspiration  so  as  forcibly  to  expand  the 
chest  (§  60).  At  first  the  pulse-curves  have  the  characteristic  signs  of  dimin- 
ished tension,  viz.,  a  higher  and  more  distinct  dicrotic  wave ;  then  the  tension 
can,  by  nervous  influences,  be  increased,  just  as  in  fig.  106,  where  C  and  R  are 
tracings  taken  from  the  carotid  and  radial  arteries  respectively,  during  Miiller's 
experiment,  in  which  the  dicrotic  waves  r,  r,  indicate  the  diminished  tension 
in  the  vessels.  In  C,  and  Ri,  taken  from  the  same  person  during  Valsalva's 
experiment,  the  opposite  condition  occurs. 

Compressed  Air. — On  expiring  into  a  vessel  resembling  a  spirometer  (see  Respiration), 
(Waldenborg^s  respiration  apparatus),  and  filled  with  compressed  air,  the  same  result  is  obtained 
as  in  ValsalTa's  experiment — the  blood-pressure  falls  and  the  pulse-beats  increase;  conversely 
the  imspiratum  from  this  apparatus  of  air  under  less  pressure  acts  like  MUller's  experiment,  i.  e., 
it  increases  the  effect  of  the  msptratton,  and  afterwards  increases  the  blood-pressure,  which  may 
either  remain  increased  on  continuing  the  experiment,  or  may  fall  (Lenzmanri). 

The  inspiration  of  compressed  air  diminishes  the  mean  blood-pressure  (ZM»/s),and  the  after- 
effect continues  for  some  time.  The  pulse  is  more  frequent  both  during  and  after  the  experi- 
ment Expircttion  in  rarefied  air  increases  the  blood-pressure.  The  effects  which  depend  upon 
the  action  of  the  nervous  system  do  not  occur  to  the  same  extent  in  all  cases.  Exposure  to 
compressed  air  in  a  pneumatic  cabinet  lowers  the  pulse-curve,  the  elastic  vibrations  become 
indi^inct,  and  the  dicrotic  wave  diminishes  and  may  disappear  {y.  Vivenot).  The  heart's  beat 
is  slowed,  and  the  blood-pressure  raised  i^Bert).  Exposure  to  rarefied  air  causes  the  opposite 
result,  which  is  a  sign  of  diminished  arterial  tension. 
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Pulsus  ParadoEUB. — Under  ptlbologiiol  coniiitioi»,  eipedally  when  Ihere  ii  union  of  Ibe 
bean  or  its  large  vessela  with  ihe  sutronnding  parti,  Ibe  pulw  dniing  inipiration  may  be 
emremely  small  «idchiin8«li°f"«iy"«"^  •'«*■"•"''''* '''*''"='*»^^'"  ejilii™tion(fig.  107). 
This  condition  has  been  called  pulaua  paradoxus  (Gruiingtr,  Kussmattf).  It  depends  upon 
a  diminution  of  tbe  arterial  lumen  during  the  inspiratory  movem em  [as  in  contraction  of  Ihe  air- 
passages,  and  in  catet  of  pericardial  adhesions].  Even  in  health  it  U  posmble  by  a  change  of 
the  inspiratory  movement  to  produce  the  p,  paradoxus  {/titgtl,  Sommrriredl). 

73.  INFLUENCE  OF  PRESSURE  ON  THE  PUI^SB-CURVE.—It  is  most  im- 
portant to  know  the  actual  pressure  which  is  applied  10  an  artery  while  a  sphygnugram  ia 
being  taken.     The  change*  a^ect  the  form  of  the  curve  at  well  a*  the  relation  of  indivtdoal  paru 


Fig.  106. 
e  from  Ihe  carotid,  and  R,  radial,  daring  MUUer's  experiment ;  C,  and  R,  dnrini; 
"  :n  on  a  vibrating  suTUce. 


Valsalva's 


xperiment.     Curves  w 


thereof.  In  fig.  108,  a,  i,  c,d,  /,  are  radial  curves;  a  was  taken  with  mimmal  pressure,  i  with 
100,  f,  300,  d  150,  and  t  450  grams  pressure,  white  A.  B,  C,  D  show  the  relations  as  to  the  lime 
of  occurrence  d  the  individual  phenomena  where  the  weight  was  successively  increased.  The 
study  of  these  curves  yields  the  following  remits:  (1)  When  the  weight,  is  small.'the  dicrotic 
wave  is  relatively  less ;  the  whole  curve  is  high;  (z)  with  a  moderate  weight  (100  10  aoagiams^ 
the  dicrotic  wave  is  best  marked,  the  whole  curve  is  somewhat  lower ;  (3)  on  increaaing  the 
weight  the  size  of  the  dicrotic  wave  again  diminishes;  (4)  the  fine  elastic  vibrations  preMding 
the  dicrotic  wave  appear  lirsl  when  a  waghtof  220  to  300  grams  is  used;  (5]  the  rapidity  of  the 
pulse  changes  with  increasing  weight,  the  time  occupied  oy  the  ascent  becoming  shorter,  the 
descent  becoming  longer ;  (6)  the  height  of  Ihe  entire  curve  decreases  as  the  weight  increases. 
In  every  iphygmogratn  the  pressure  under  which  it  was  obtained  ought  always  to  be  staled. 


Pukus  paradoxus  (after  Kuitmaul).     E,  exiMratton ;  J,  iospiration. 

In  Ag.  loS,  A,  B,  are  curves  obtained  from  Ibe  radial  artery  of  a  healthy  student.    The  pressure 
exerted  upon  the  artery  for  A  was  100;  B,  220  grms.  (1  vibration  ^  0.0161  j  sec). 

1/  frtssttrt  bi  exfrtfd  upon  an  arttry  for  a  long  limt,  iht  strength  of  the  pulst  is  gradually 
imrtasfd.  If,  after  subjecting  an  artery  to  considerable  pressure,  a  lighter  weight  be  used,  not 
unfrequently  tbe  pulse-curve  assumes  the  form  of  s  dicrotic  pulse,  owing  to  the  greater  develpp- 
ment  of  the  dicrotic  elevation.  When  slioug  pteasurc  is  applied,  the  blood  is  forced  to  bnd  its 
way  through  collateral  channels.  When  the  chief  artery  ceases  to  be  compressed,  ihe  total  area 
is,  of  course,  considerably  and  suddenly  enlaigcd,  which  results  in  tbe  production  of  a  dicrotic 
elevation.  Fig.  94  X,  is  such  a  dicrotic  curve  obtained  after  considerable  pressure  bad  been 
applied  to  the  artery. 


Sec.  T^O  TRANSMISSION   OF   PULSE-WAVES.  i^^ 

76.  TRANSMISSION  OP  PULSE-WAVES.— The  pulse-wave  pro- 
ceeds throughout  the  arterial  system  from  the  root  of  the  aorta,  so  that  the  pulse 
is  felt  sooner  in  parts  lying  near  the  heart  than  in  the  peripheTal  arteries.  E.  H. 
Weber  calculated  the  velocity  of  the  pulse-wave  as  9.340  meters  [i8>^ 
feet]  per  second,  from  the  difference  in  time  between  the  pulse  in  the  exteroal 
maxillary  artery  and  the  dorsal  artery  of  the  foot.  Czennak  showed  that  the 
elasticity  was  not  equal  in  all  ihe  arteries,  so  that  the  velocity  of  the  pulse-wave 
cannot  be  the  same  in  all.  The  pulse-wave  is  propagated  more  slowly  in  the 
arteries  with  soft  extensile  walls  than  in  arteries  with  resistant  and  thick  walls,  so 
that  i(  is  transmitted  more  rapidly  in  the  arteries  of  the  lower  extremities  than 
in  those  of  the  upper.     It  is  still  slower  in  children. 

77.  PULSB-WAVB  IN  ELASTIC  TUBES,— Wave*  noilar  (o  ihe  polie  in>7  be  pio- 
duccd  in  elastic  tabes,  (l)  According  lo  E.  H.  Webei  therekicilf  of  propogatian  of  (he  vtvet 
is  1 1.105  metres  per  sec.  ;  >ccordiag  la  Dooders,  11-13  metrei  (J4-43  feet).  (1)  According;  lo 
E.  H.  WebcT  incrcued  mtemal  leniton  caUHs  only  an  inconsiderable  decrease;  Rive  foond  ■ 
gnai  decrease ;  Donden  found  no  obvious  difference ;  while  Marey  found  an  increased  velocity. 
(3)  Dooden  found  the  velocity  to  be  the  same  in  tubes  2  mm.  in  diameter  as  in  wider  tubes,  bat 
Marrj  believes  thai  the  velocity  varies  when  the  diamdcr  of  Ibc  tube  changes.     (4)  The  velocity 


Fig.  loS 
Various  forms  of  curves  (radial)  oblwned  by  gradually  Jncnasine  the  pretsuie. 

is  less,  the  smallei  the  elastic  cocFiicient.  [5)  The  velocity  increases  with  increased  thickness  ol 
the  wail,  while  it  diminishes  when  the  specific  gravity  of  the  fluid  increasea. 

Moens  has  recently  ronnulaled  the  following  lawa  as  to  the  velocity  of  propagation  of  wave* 
ID  elastic  tabes  :  (i]  It  is  inversely  proportional  to  ibe  square  root  of  the  specific  gravity  of  the 
fluid ;  (2)  it  is  as  the  square  root  ol  the  thickness  of  the  wall,  the  laleral  pressure  bang  the 
Mme-,  ( j)  it  is  inversely  u  the  square  root  of  Ibe  diameter  of  Ihe  tube,  the  lateral  pressure  being 
the  sanK ;  (4)  h  i*  as  the  sqiure  root  of  Ihe  elastic  ooeflident  of  the  wall  of  the  tube,  the  laleral 
pressure  being  the  lame  ( I'altHlin). 

(A|  The  velocity  of  the  wave  is  11.809  metres  per  seconij. 

( B )  The  inlra-vascular premtre  has  a  decided  influence  on  the  velocity ;  thus,  in  the  tube, 
A,  with  18  cm.  (Hg)  prfKsnre,  the  velocity  per  metre  ^  0.093  second,  while  with  31  cm.  pres- 
sure ( Hg  I  ^  0.095  second  ptf  metre. 

(C)  The  sprcific  gravity  of  ihe  Ay afrf  influences  the  velocity  of  the  polse^wave.  In  mmury 
the  wave  i>  prt^ngated  four  times  more  slowly  than  in  water. 

( D)  The  velocity  in  a  tube  which  <s  more  rigid  and  nol  so  extensile  is  greater  (ban  in  a  lube 
which  is  easily  distended.  , 

78.  VELOCITY  OF  THE  PULSE-WAVE  IN  MAN— Landcas  obtained  the  follow- 
ii^  resnlt)  in  a  slndent : — DiSerence  between  carotid  and  radial  =  0074  second  (Ihe  distance 
being  taken  as  6icentimetres  ] ;  carotid  and  femoral  ^  O.06S  second  ;  femoral  (inguinal  region) 
asd  posterior  tibia!  ^=  0.097  second  (distance  estimated  at  t)\  centimetres).  [Waller  obtained 
between  the  heart  and  carotid  o.  I  o  second ;  heart  and  femoral, 0.18  sec.;  heart  and  dorsalis 


134  VELOCITY   OF   THE   POLSE-WAVE.  [ScC.  78, 

The  velocity  of  the  pulse-wave  in  the  arteries  of  the  upper  extremi- 
ties =  8.43  metres  per  second,  and  in  those  of  the  lower  extremity  9.40  metres 
per  second,  [(.  t.,  about  30  feet  per  second.]  The  velocity  is  greater  in  the 
less  extensile  arteries  of  the  lower  extremities  than  in  those  of  the  upper  limb. 
For  the  same  reason  it  is  less  in  the  peripheral  arteries  and  in  the  yielding 
arteries  of  child-ren  (^Czermak). 

E.  H.  Weber  estimated  the  velocity  at  9.14  metrei  per  second  ;  Gurod,  9-10.8  metres; 
Grashey,  8.5  metres;  Moens,  g.3  metres, and  with  diminisbed  pressure  durii^  ValsalTa's  experi- 
ment 7.3  meiies  (j  6a,  \  74). 

Influencing  Conditiona. — In  animali,  hcmorrbage,  slowing  of  the  heart  produced  bf 
stimulation  of  the  vagus  {Moens),  section  of  the  spioil  cord,  deep  morphia-narcosis,  and  dilata- 
tion of  the  blixxl  vessels  by  heal,  produce  slowing  of  (be  velocity,  while  stimulation  of  the 
spinal  cord  ac^tleralis  it  {Grunmach), 

The  wave-length  of  the  pulse-wave  is  obtained  by  multiplying  the 
duration  of  the  inHow  of  blood  into  the  aoria  :=  0.08  to  0.09  second  (§  51), 
by  the  velocity  of  the  pulse- wave. 

Method.^Plece  the  knobs  of  two  tambours  (fig.  88)  upon  the  two  arteries  to  be  iniestigaled, 
or  place  one  over  the  apen-beat  and  the  other  upon  an  artery.  These  rccdving  tambours  aie 
connected  with  two  registering  tambours,  as  in  Btnndgeest's  paDSphygmogiaph  (}  67,  tig.  88), 
so  that  their  writing- levers  are  direaly  over  each  other,  and  so  arranged  as  to  write  Bimulune- 
ously  on  ane  vibrating  plate  attached  to  a  taning-fork.  [Or  they  may  be  made  to  write  upon  a 
revolving  cylinder,  loioie  rate  of  movement  is  ascertained  by  causing  a  tuning-fork  of  a  known 
rate  of  vibration  to  write  under  ibem.]  The  apparatus  is  improved  by  using  rigid  tubes  and  fill- 
ing Ihem  with  water,  in  which  all  impulses  arc  rapidly  communicated.  In  arteries  which  are 
distant  from  each  other,  or  in  the  case  of  the  heart  and  an  artery,  the  two  knobs  of  the 
receiving  tambours  may  be  connected  by  means  of  a  Y-tube  with  urn  writing  lever.  In  Bg.  109, 
B  is  a  curve  from  the  riidial  artery  taken  in  thii  way.  In  it  ij  H  F  indicates  contraction  of  the 
venlricle ;  H,  the  apei  of  the  ventricular  contraction  ;  P,  the  primary  apei  of  the  radial  curve  ; 
V,  the  beginning  of  the  ventricular  contraction  ;  /,  of  the  radial  puUe.    A  is  the  curve  of  the 

Din 
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A,  curve  of  radial  artery  on  a  vibrating  sniAuie  (l  vib.  ;^^  0.01613  sec.) ;  P,  apex  of  curve ;  e,t, 
elastic  vibraiions;  R,  dicrotic  wav«.  B,  curve  of  same  radial  taken  along  with  the  heart- 
beat; V,  H,  P,  contraction  of  the  venlricle. 

In  lig.  1 10  the  difference  t)etween  the  carotid  and  the  posterior  tibial  pulse  ^^  0.137  s^- 
Pathological. — In  caia  of  liiminisA^ii ^x/tnsiiUi/y  of  \he  ancriet,  f.  g.,  in  atheroma  [\  77,  D), 
the  pulse  wave  is  propagated  more  rapidly.     Local  dilalalims  of  the  arteries,  as  in  aneurisniB, 
cause  a  retardation  of  the  wave,  and  a  similar  result  arises  from  loca!  Constrictions,     Relaxation 
of  the  walls  of  the  vessels  in  h^h  fever  retards  the  movement  (ffamernji). 

79.  OTHER  PULSATILE  PHENOMENA i  In  the  mouth  and  nose,  when  they 

are  filled  with  air,  and  the   glottis  closed,  pulsatile  phenomena  (due  to  the  arteries  in  their  soli 
parts),  may  be  found  communicating  a  movement  to  Ihc  Contained  air.      The  Curves  obtained  are 

relatively  small,  and  closely  resemble  the  curve  of  the  

the  tympanum  with  intact  memb  ,        . 

congested  [Schwarlit,  Trollseh). 

2.  Entoptical  Pulae.^Afler  violent  ejierdse,  an  illumination,  corresponding  to  each  pulse- 
beat,  occurs  on  a  dark  optical  field.  When  the  optical  field  is  bright,  an  analogous  darkening 
occurs.  The  ophthaimoacope  occasionally  reveals  pulsation  of  the  retinal  arteries  (JSgrr), 
which  becomes  marked  in  insufliclency  of  the  aortic  valves. 

3.  Pulsatile  Muscular  Contraction. — The  orbiiularis  palpebrarum  aiw/r  contracts  nndcr 
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■imilar  condition*  ajmchronoDsly  wiih  the  pulK;  and  it  is  perh^w  due  to  the  pulse-btat 
txdtiiig  ibe  leniory  Derres  refleily.  The  Brothers  Weber  found  that  not  nnfrequeDtly,  while 
wilkii^,  the  step  and  pulse  gradually  and  involaniarily  coincide. 

4.  Wbeo  the  l^s  aie  crofscd  as  one  sits  in  a  chair,  the  leg  which  is  supported  is  raised  with 
tach  pulM  beat,  and  it  gives  also  a  second  or  dicrotic  elevation. 

5.  tf,  while  a  person  is  quite  quiet,  the  incisor  teelh  of  the  lower  jaw  be  made  just  10  touch 
ibe  upper  incisors  very  lightly,  we  detect  a  double  beat  of  the  lowei  agaiti^  the  upper  teeth, 
owiTig  10  the  pnl»-beat  in  the  external  maxillary  artery  raising  the  lower  jaw.  The  second 
etcralion  is  due  to  the  closure  of  the  semi-lunar  valves,  and  not  10  a  dicrotic  wave. 

6.  Brain  and  Pontanellea. — The  large  arteries  at  (he  base  of  the  irain  communicate  a 
movement  to  ii,  while  miniiu  movemenls  occur  with  respiration— rising  during  ex[nnition  and 
filling  during  inspiration.  These  movements  are  visible  in  ibe  /Dn/aneUej  of  infoHls.  The 
respnaloty  movements  depend  upon  variations  in  the  amount  of  blood  in  the  veins  of  the 
crutiil  cavity,  and  also  upon  the  resiwalory  variations  of  the  blood-pressure. 

7.  Amongst  pathological  phenomena  ate  (a)  the  beating  in  the  epigastrium,  t.  g.,  in  hyper- 
titiphy  of  the  right  or  left  ventricle,  caused,  it  may  be,  by  deep  insertion  of  the  diaphragm,  and 
it  may  be,  panly,  by  the  beating  of  a  dilated  abdominal  aorta  or  cceliac  axis, 

(*)  KaKodtTM  or  aidominal  dilalatJBns  oi  Ihe  arterira  cause  an  abnormal  pulsation,  while 
they  produce  a  slewing  in  tht  velocity  of  Ike  pulstwave  in  the  corresponding  artery.  Hence 
the  pulse  appeals  later  in  such  >□  artery  than  in  the  artery  on  the  healthy  side.  Hypertrophy 
and  dilatation  of  the  lift  venlrifle  cause  the  arteries  near  the  heart  to  pulsate  strongly.  In  the 
afulogons  condition  of  the  right  ventricle,  the  beat  of  the  pulmonary  artery  may  be  seen  and 
feh  in  (he  second  left  intercostal  space. 


Fig.  no. 
Cnrresof  the  carotid  and  posterior  tibial  taken  simultaneously  with  Brondgeest's  paniphygmo- 
gnph  writing  upon  a  vibrating- plate  attached  to  a  tuning-fork.    The  arrows  indicate  the 
identical  rooment  of  time  in  each  curve. 

■o.  VIBRATIONS  OF  THE  BODY  DUE  TO  THE  HEART.— The  beating  of 
the  heart  and  large  arteries  communicates  compound  vibrations  to  the  body  as  a  whole.  If  a 
person  be  placed  in  an  erect  attitude  in  the  scale-pan  of  a  lai^  balance,  the  index  oscillates, 
and  its  movements  coincide  with  the  heart's  movements  (  Gordon). 

Method. — Take  a  long  four-sided  box.  K,  open  at  the  top,  and  arrange  several  coils,  a,  i, 
of  stout  caoutchouc  tubing  round  one  end  (fig.  ill).  A  wooden  board,  B,  is  so  placed  that  it 
rests  with  one  end  on  the  caoutchouc  tubing,  and  with  the  other  on  (he  narrow  end  of  the  box. 
The  person  to  be  experimenled  upon.  A,  stands  vertically  and  firmly  on  this  board.  A  receiv- 
ing tambour, />,  is  placed  against  the  surface  of  the  board  next  the  elastic  tube,  which  registers 
the  vibrations  of  the  foot-support.  Fig.  Ill  is  a  curve  showing  such  vibrations,  each  heart-beat 
being  followed  in  this  case  by  four  oscillaiions.  To  aacenain  the  relations  and  causes  of  these 
vitealions,  it  is  necessary  to  obtain,  simultaneously,  a  tracing  of  the  heart  and  the  vibratory 
curve.  For  this  purpose  use  the  two  tamboars  of  Brondgeesl's  pansphygmi^aph  (|  67,  76), 
placing  one  kiK>b  or  pad  over  the  heart  aitd  the  other  on  the  foot-iuppon,  and  allow  the 
writing-tambonn  (o  inscribe  their  vibrations  on  a  glass  plate  attached  to  a  tuning  fork 
{Cordon). 

In  thcloweror  cardiac  impulse  curvt{fi^.  til),  the  rapidly- rising  part  is  due  to  the  ventricular 
systole.  Jt  contains  eight  vibrations  (1  vib.  =  0.01613  sec).  The  beginning  of  the  ventricular 
syai^  is  indicated  in  the  fig.  by  --36,  -3,  -17. 

If  the  coRcsponding  numbers  in  the  upper  or  vibratory  curve  are  studied,  it  is  obvious  that 
at  Ike  moment  of  ventricular  sytlolt  Ike  body  makes  a  dmimward  vibration,  1.  c,  il  exercises 
greater  pressure  upon  the  foot-support.  Gordon  interprets  his  curve  as  givii^  exactly  the  oppo- 
site remit.  This  downward  motion,  however,  lasted  only  during  five  vibrations  of  the  tuning- 
fack;  during  the  last  three  vibrations.  Corresponding  to  the  systole,  there  is  an  ascent  of  the 
body  corresponding  to  a  less  pressure  upon  the  foot-plate.  When  the  vanlricle  empties  itself,  it 
—  ^--      -         ivement  in  a  downward  and  outward  direction — Gulbrodt's  "  reaction  impulse." 
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[Sec.  60. 


In  tbe  t^tr  otrvt  analofious  aDmbeis  are  emplojed  to  indicate  (h«  vibraiions  occuirini 
umntuncously,  viz., -iS, -it,  -to.  The  cloture  of  the  semt-lunu'  valm  it  well  marked  in  the 
three  heart  b^ts  at  30,  -20,  This  closure  is  indicated  b  aoalogous  points  in  both  curves,  ifier 
which  there  is  a  deicent  of  the  foot-supnoit,  aod  this  coiresponds  to  the  downward  propagalku 
of  ihe  pulse  wave  througli  the  aorta  lo  the  vessels  of  the  feel. 


I.  Elastic  support  for  r^stenng  the  molar  motions  of  the  body — K, wooden  box;   B,  feet  of 

patient ;  p,  cardiograph ;  a,  b,  elastic  tubing.     11.  Vibration  cnrvea  of  a  healthy  pcfsoD, 

III.  Curve  obtained   from   a  patient   with  insufficiency  of  tbe  aortic   valves  and  grat 

hypertrophy  of  the  heart. 

PathoIoKical. — In  insufiicieDCy  of  the  aortic  valves  as  shown  in  tig.  iii.  III,  the  vibnticn 

communicated  to  the  body  is  very  considerable. 

81.  THE  BLOOD  CURRENT.— Cause.— The  closed  and  much- 
branched  vascular  system,  whose  walls  are  endowed  with  elasticity  and 
contract  ill  ty,  is  not  only  completely  filled  with  Mood,  but  it  is  over-filled. 
The  total  volume  of  the  blood  is  somewhat  greater  than  the  capacity  of  the 
entire  vascular  system.     Hence  it  follows  that  the  mass  of  blood  must  eiert 


a  tracing  of  dx 

pressure  on  the  walls  of  the  entire  system,  thus  causing  a  corresponding  dila- 
tation of  the  elastic  vascular  walls  {Brunntr).  This  occurs  otily  during  life; 
after  death  the  muscles  of  the  vessels  relax,  and  fluid  passes  itito  the  tissues,  so 
that  the  blood-vessels  come  to  contain  less  fluid,  and  some  of  them  may  be 
empty. 
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If  the  blood  were  uniformly  distributed  throughout  the  vascular  system,  and 
under  the  same  pressure,  it  would  remain  in  a  position  of  equilibrium  (as  after 
death).  If,  however,  the  pressure  be  raised  in  one  section  of  the  tube,  the 
blood  will  move  from  the  part  where  the  pressure  is  higher  to  where  it  is  lower ; 
so  that  the  blood-current  is  a  result  of  the  difiference  of  pressure 
within  the  vascular  system.  If  either  the  aorta  or  the  vense  cavae  be  suddenly 
ligatured  in  a  living  animal,  the  blood  continues  to  flow,  but  gradually  more 
slowly,  until  the  difference  of  pressure  is  equalized  throughout  the  entire  vas- 
cular system. 

The  velocity  of  the  current  will  be  greater  the  greater  the  difference  of 
pressure,  and  the  less  the  resistance  opposed  to  the  blood-stream. 

The  difference  of  pressure  which  causes  the  current  is  produced 
by  the  heart.  Both  in  the  systemic  and  pulmonary  circulation  the  point  of 
greatest  pressure  is  in  the  root  or  beginning  of  the  arterial  system,  while  the 
point  of  lowest  pressure  is  in  the  terminal  portion  of  the  venous  orifices  at  the 
heart.  Hence  the  blood  flows  continually  from  the  arteries  through  the  capil- 
laries into  the  venous  trunks.  The  heart  keeps  up  the  difference  of  pressure 
required  to  produce  this  result ;  with  each  systole  of  the  ventricles  a  certain 
quantity  of  blood  is  forced  into  the  beginning  of  the  arteries,  while  at  the 
same  time  an  equal  amount  flows  from  the  venous  orifices  into  the  auricles 
during  their  diastole  {£,  If,  Weber), 

Bonders  showed  that  the  action  of  the  heart  not  only  causes  the  difference 
of  pressure  necessary  to  abolish  a  blood-current,  but  also  raises  the  mean 
pressure  within  the  vascular  system.  The  terminations  of  the  veins  at  the 
heart  are  wider  and  more  extensible  than  the  arteries  where  they  arise  from  the 
heart.  As  the  heart  propels  a  volume  of  blood  into  the  arteries  equal  to  that 
which  it  receives  from  the  veins,  it  follows  that  the  arterial  pressure  must  rise 
more  rapidly  than  the  venous  pressure  diminishes,  since  the  arteries  are  not  so 
wide  nor  so  extensible  as  the  veins.    Thus  the  total  pressure  must  also  increase. 

Cause  of  Continuous  Flow. — The  volume  of  blood  expelled  from  the 
ventricles  at  every  systole  would  give  rise  to  a  Jerky  or  intermittent  movement 
of  the  blood-stream — (i)  if  the  tubes  had  rigid  walls,  as  in  such  tubes  any 
pressure  exerted  upon  their  contents  is  propagated  momentarily  throughout  the 
length  of  the  tube,  and  the  motion  of  the  fluid  ceases  when  the  propelling 
force  ceases ;  (2)  the  flow  would  also  be  intermittent  in  character  in  elastic 
tubes  if  the  time  between  the  two  successive  systoles  were  longer  than  the  dura- 
tion of  the  current  necessary  for  the  compensation  of  the  difference  of  pressure 
caused  by  the  S3rstole.  If  the  time  between  two  successive  systoles  be  shorter 
than  the  time  necessary  to  equilibrate  the  pressure,  the  current  will  become 
continuous,  provided  the  resistance  at  the  periphery  of  the  tube  be  sufficiently 
great  to  bring  the  elasticity  of  the  tube  into  action.  The  more  rapidly  systole 
follows  systole,  the  greater  the  difference  of  pressure  becomes,  and  the  more 
distended  the  elastic  walls.  Although  the  current  thus  produced  is  continuous, 
a  sudden  rise  of  pressure  is  caused  by  the  forcing  in  of  a  mass  of  blood  at 
every  systole,  so  that  with  every  systole  there  is  a  sudden  jerk  and  acceleration 
cf  ike  blood- stream  corresponding  to  the  pulse  (compare  §  64). 

This  sudden  jerk-like  acceleration  of  the  blood-current  is  propagated  through- 
out the  arterial  system  with  the  velocity  of  the  pulse- wave ;  both  phenomena 
are  due  to  the  same  fundamental  catise.  Each  pulse-beat  causes  a  temporary 
rapid  progressive  acceleration  of  the  particles  of  the  fluid.  But  just  as  the  form- 
movement  of  the  pulse  is  not  a  simple  movement,  neither  is  the  pulsatile  accel- 
eration a  simple  acceleration.  It  follows  the  course  of  the  development  of  the 
pulse-wave.  The  pulse-curve  is  the  graphic  representation  of  the  pulsatory 
acceleration  of  the  blood-stream.  Every  rise  in  the  curve  corresponds  to  an 
acceleration,  every  depression  to  a  retardation  of  the  current. 
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[Method  :  Rig^d  and  Elastic  Tubes. — These  facts  are  easily  demonstrated.  Tie  a  Higgin- 
son's  syringe  to  a  piece  of  gas-pipe.  On  forcing  water  through  the  rig^d  tube,  by  compressiiig 
the  pump,  the  water  will  flow  out  at  the  other  end  of  the  tube  in  jets,  while  during  the  inter, 
vals  of  pulsation  no  water  will  flow  out.  As  the  walls  of  the  tube  are  rigid,  just  as  much  fluid 
flows  out  as  is  forced  into  the  tube.  If  a  similar  arrangement  be  made,  and  a  long  elastic  tube 
be  used,  a  continuous  outflow  is  obtained,  provided  the  pulsation  occur  with  sufficient  rapidity 
and  the  length  of  the  tube«  or  the  resistance  at  its  periphery,  be  sufficient  to  bring  the  elastid^ 
of  the  tube  into  action.  This  can  be  done  by  putting  a  narrow  cannula  in  the  outflow  end  of 
the  tube,  or  by  placing  a  clamp  on  it  so  as  to  diminish  the  exit  aperture.  This  apparatus  con- 
verts the  intermittent  inflow  into  a  continuous  current.]  The  flre-engine  is  a  good  example  of 
the  conversion  of  an  intermittent  inflow  into  a  uniform  outflow.  The  air  in  the  reservoir  is  in  a 
state  of  elastic  tension,  and  it  represents  the  elasticity  of  the  vascular  walls.  When  the  pump 
is  worked  slowly,  the  outflow  of  the  water  occurs  in  jets,  and  is  interrupted.  If  the  pumping 
movement  be  sufficiently  rapid,  the  compressed  air  in  the  reservoir  causes  a  continuous  outflow, 
which  is  distinctly  accelerated  at  every  movement  of  the  pump.  [The  ordinary  spray- producer 
is  another  good  example.] 

[Thus,  there  are  two  factors — a.  central  one,  the  heart, — and  a  peripheral 
one,  the  amount  of  resistance  especially  in  the  arterioles.  Either  or  both 
may  be  varied,  and  as  this  is  done,  so  will  the  pressure  and  velocity  vary.] 

Current  in  the  Capillaries. — In  the  capillaries  the  pulsatile  accelera- 
tion of  the  current  ceases  with  the  extinction  of  the  pulse-wave.  The  great 
resistance  which  is  offered  to  the  current  towards  the  capillary  area  causes  both 
to  disappear.  It  is  only  when  the  capillaries  are  greatly  dilated,  and  when  the 
arterial  blood -pressure  is  high,  that  the  pulse  is  propagated  through  the  capil- 
laries into  the  beginning  of  the  veins.  A  venous  pulse  is  observed  in  the 
veins  of  the  sub-maxillary  gland  after  stimulation  of  the  chorda  tympani  nerve, 
which  contains  the  vaso-dilator  nerves  for  the  blood-vessels  of  this  gland.  If 
the  finger  be  constricted  with  an  elastic  band,  so  as  to  hinder  the  return  of  the 
venous  blood,  and  to  increase  the  arterial  blood-pressure,  while  at  the  same 
time  dilating  the  capillaries,  an  intermittent  increased  redness  occurs,  which 
corresponds  with  the  well-known  throbbing  sensation  in  the  swollen  finger. 
This  is  due  to  the  capillary  pulse.  [Roy  and  Graham  Brown  found  that 
pulsatile  phenomena  were  produced  in  the  capillaries  by  increasing  the  extra- 
vascular  pressure  (§  S6).  Quincke  called  attention  to  the  capillary  pulse,  which 
can  often  be  seen  under  the  finger-nails.  Extend  the  fingers  completely,  when 
a  whitish  area  appears  under  the  nails.  A  red  area  near  the  free  margin  of  the 
nail  advances  and  retires  with  each  pulse-beat.  It  is  well  marked  in  some  dis- 
eased conditions  of  the  heart,  especially  in  incompetence  of  the  aortic  valves, 
and  is  probably  produced  by  increased  extra- vascular  pressure.  If  the  finger  be 
drawn  over  the  skin,  ^.^.,  of  the  forehead,  in  such  a  person  the  alternate  flush- 
ing and  paling  due  to  the  capillary  pulse  is  readily  observed.] 

8a.  SCHEMATA  OF  THE  CIRCULATION.— E.  H.  Weber  constructed  a  scheme  of 
the  circulation.  It  consisted  of  a  force-pump  with  properly  arranged  valves  to  represent  the 
heart,  portions  of  gut  for  the  arteries  and  veins,  and  a  piece  of  glass  tubing  containing  a  piece 
of  sponge  to  represent  the  capillaries.  Various  schemes  have  been  invented,  including  the  veiy 
complicated  one  of  Marey,  [the  extremely  ingenious  one  of  v.  Thanhoflfer,  and  the  thoroughly 
practical  one  of  Rutherford]. 

83.  CAPACITY  OF  THE  VENTRICLES.— Since  the  right  and  left 
ventricles  contract  simultaneously,  and  just  the  same  volume  of  blood  passes 
through  the  pulmonary  as  through  the  systemic  circulation,  it  follows  that  the 
right  ventricle  must  be  just  as  capacious  as  the  left.  The  capacity  of  the  ven- 
tricles has  been  estimated  in  the  following  ways : — 

Methods. — (i)  Directly,  by  filling  the  (/eadreUxtd  ventricle  with  blood  or  an  injection  mass. 
This  method  is  unsatisfactory  and  inaccurate. 

(2)  Indirectly,  Volkmann  (1850)  estimated  it  thus:  Estimate  the  sectional  area  of  the  aorta, 
ana  the  velocity  of  the  blood-stream  in  it  ({  91).  From  this  calculate  the  amount  of  blood  passing 
through  the  aorta  in  the  unit  of  time.     As  the  total  quantity  of  blood  in  the  body  is  known 
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( —  i^j  of  the  body-weight),  we  can  easily  calculate  how  long  this  takes  to  flow  through  the  aorta. 
We  must  also  know  the  number  of  beats  during  the  time  of  the  circulation.  From  these  data, 
and  from  experiments  on  animals,  Volkmann  estimated  the  volume  of  blood  discharged  at  each 
sjstole  by  the  ventricle  to  be  r^  of  the  body- weight.  For  a  man  weighing  75  kilos,  this  is 
187.5  grams.     This  estimate  still  leaves  much  to  be  desired. 

Place  calcnlates  it  in  the  following  manner :  A  man  uses  about  500  litres  of  O  in  24  hours. 
To  absorb  this  into  the  venous  blood  (which  contains  about  7  vols,  per  cent,  less  O  than  arterial), 
about  7000  litres  of  blood  must  pass  through  the  lungs  in  24  hours.  If  one  calculates  100,000 
heart-beats  in  24  hours,  then  at  each  systole  only  70  cubic  centimetres  are  discharged. 

[Capacity  of  the  pulmonary  and  systemic  circulation. — Taking  the 
quantity  of  blood  in  an  average  adult  as  equal  to  5^  litres,  according  to  Jolyet 
and  Tanziac  the  ratio  is  2  :  11,  /.  ^.,  i  litre  in  the  pulmomary  and  4j4  in  the  sys- 
temic circuit.  This  estimate  for  the  pulmonary  circuit  is  somewhat  too  low. 
As  to  the  relative  quantity  of  blood  in  the  arterial  and  venous  tubes  as  a  whole, 
the  ratio  is  about  i  to  2.] 

84.  ESTIMATION  OP  THE  BLOOD-PRESSURE.— (A)  In  Animals:  (i) 
Method  of  Hales. — The  Rev.  Stephen  Hales  (1727)  was  the  first  to  introduce  a  long  glass 
tube  into  a  blood-vessel  in  order  to  estimate  the  blood-pressure  by  measuring  the  height  of  the 
column  of  blood. 
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Fig.  113. 
I.  Scheme  of  C.  Ludwig's  kymograph.         II.  Pick's  spring-kymograph. 

The  tube  was  provided  at  its  lower  end  with  a  copper  tube  bent  at  a  right  angle.  [The  tube 
he  used  was  one-sixth  of  an  inch  bore  and  about  9  feet  long,- and  was  inserted  into  the  femoral 
artery  of  a  horse.  The  height  to  which  the  blood  rose  in  the  tube  was  noted,  as  well  as  the 
oscfllations  of  the  blood  that  occurred  with  every  pulsation.  From  the  height  of  the  column  of 
fluid  he  calculated  the  force  of  the  heart.] 

(2)  The  Haemadynamometer  of  Poiseuille  (1828). — This  observer  used  a  U-shaped  tube 
partially  filled  with  mercury — a  gauge  or  manometer — which  was  brought  into  connection  with 
a  blood-vessel  by  means  of  a  ri^'d  tube.  [The  mercury  oscillated  with  every  pulsation,  and  the 
exteut  of  the  osciUations  were  read  off  on  a  scale  attached  to  the  bent  tube.  He  called  the 
instrument  a  kamadynamometer.'] 

[(3)  Vierordt  used  a  tube  5  or  6  feet  long,  and  filled  it  with  a  solution  of  sodium  carbonate, 
thus  preventing  much .  blood  from  entering  the  tube,  while  at  the  same  time  the  soda  solution 
pevented  the  coagulation  of  the  blood.] 

(4)  C.  Lud^g's  Kymograph. — C.  Ludwig  employed  a  U-shaped  man- 
ometer, but  he  placed  a  light  float  upon  the  surface  of  the  mercury  in  the  open 
limb  of  the  tube  (fig.  113,  I,  d,  s).     A  writing-style,/,  placed  transversely  on 
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the  free  end  of  the  float,  inscribed  the  movements  of  the  float — and,  therefore, 
of  the  mercury — upon  a  cylinder,  c,  caused  to  revolve  at  a  uniform  rate.  This 
apparatus  registered  the  height  of  the  blood -pressure,  as  well  as  the  pulsatile 
and  other  oscillations  occurring  in  the  mercury.  Volkmann  called  this  instrument 
a  kymograph  or  "wave-writer."  The  difference  of  the  height  of  the  column 
of  mercary,  c,  d,  in  both  limbs  of  the  tube  indicates  the  presure  within  the  vessel. 
If  the  height  of  the  column  of  mercury  be  multiplied  by  13.5,  this  gives  the 
height  of  the  corresponding  columns  of  blood.  Setschenow  placed  a  stop-cock 
in  the  lower  bend,  k,  of  the  tube.  If  this  be  closed  so  as  just  to  permit  a  small 
aperture  of  communication  to  remain,  the  pulsatile  vibrations  no  longer  appear, 
and  the  apparatus  indicates  the  mean  pressure.  By  the  term  mean  pressure  is 
meant  the  limit  of  pressure,  above  and  below  which  the  oscillations  occurring 
in  an  ordinary  blood -pressure-tracing  range.  [Briefly,  it  is  the  average  eleva- 
tion of  the  mercurial  column.] 

In  a  blood'p  res  sure  tracing,  such  as  fig.  115,  each  of  the  smaller 

viravcB  corresponds  to  a  heart-beat,  the  ascent  corresponds  to  the  systole, 

and  the  descent  to  the  diastole.     The  large  undulations  are  due  to  the 

respiratory  movementB.     It  is  clear  that  the  heart-beat  is  expressed  as  a 

simple  rise  and  fall  (fig.  115),  so  that 

the  curve  of  the  heart-beat  obtained 

with  a  mercurial  kymograph  difTeis 

from  a  sphygmographic  curve. 

[Faultm  of  a  Mercurial  ManoQietcr. — 
A  perfect  recording  ioKmmeDt  ought  to  indi- 
cate the  height  of  the  blood- preuurc,  utd 
also  the  sice,  form,  and  duralion  of  an^ 
wavetiKition  communicated  to  it.  The  mer- 
curial manometer  does  not  give  the  true  form 
of  the  pulse-wa»e,  as  the  mercury,  when 
once  set  in  motion,  execDlei  vibrattoos  of  iu 
own,  oning  to  its  great  inertia,  and  thus  the 
liner  movements  of  the  pulie-wsve  are  loa. 
Hence  a  mercurial  kymograph  is  used  far 
registeriog  the  blood -pressure,  and  not  fot 
obtaining  the  trad  form  of  the  pulse-wa«. 
Instruments  with  less  inertia,  and  viih  no 
vibratiODS  peculiar  to  themselves,  are  required 
for  this  purpose.] 

[Method  of   Meaauring   Blood-Pres- 

aure. — Expose  the  carotid  of  a  chloraliied 

rablnt,  ana   isolate  a   portion   of  the  tcbcI 

between  two  ligatures.      Make  an  oblique  slil 

^B'  "4-  in  the  artery,  and  into  it  tie  a  straight  glass 

Ludwig's  improved  revolting  cylinder,  S,  moved  cannula,  directing  the   pointed  end  of  the 

b]F  the  clockwork  in  the  box,  A,  and  regulated  cannula  towards  the  heart.     Fill  the  cannula 

by  a  Foucault's  regulator  placed  on  the  lop  of  with  a  saturated  solutioDof  sodium  catboaate, 

tb«  box.    The  disc,  D,  moved  by  the  clock-  taking  care  that   no   air-hubbles   enter,  and 

work,  presses  upon  the  wheel,  h,  which  can  be  connect  it  with  the  lead  tube  which  goes  to 

raised  or  lowered  by  the  screw,  L,  thus  alter-  the  ascending  limb  of  the  manometeT.     The 

ine  the  position  of  x  on  Z>,  so  as  to  cause  the  tube  which  connects  the  artery  with  the  ma- 

cylinder  to  rotate  at  different  rates.     The  cyl-  nometer  must  be  lleiible  and  yet  inelastic, 

inder  itself  can  be  raised  by  turning  the  handle,  and  a  lead  tube  is  ixst.     It  is  usual  to  connect 

U.    On  the  leii  side  of  the  figure  is  a  mercurial  a   preaaure-bottle,  containing  a  laiuraled 

manometer.     When  the  cylinder  is  used,  it  is  solution  of  sodium  carbonate,  1^  means  of  u 

covered  with  smoked  smooth  paper.  elastic  tube,  with  the  tube  attached   to  the 

manometer.     This   bottle  can   be   raised  oc 

lowered.      Before  beginning  the   experiment,  raise  the  ptessure-botile  until  there  H  a  f^titivt 

pressure  of  mercury  in  the  manometer  about  equal  to  the  estimated  blood-prcssiu^,  and  then 

clamp   the  tube  of  the   pressure -bottle  where  it  joins  ibe   lead  tube.     This  positive    pressure 

prevents  the  escape  of  blood  from  the  artery  into   the  soluiion  of  sodium  carbonate.      \Vhen  «II 
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b  rtadjr,  (he  ligitivc  00  Ihe  cardiac  tide  of  the  caonals  i*  Temoved,  uad  immediitely  ihe  float 
begiu  lo  oacillate.  and  inscribe  in  montm— U  jpon  the  Eccording  surface.  The-  Anid  within 
the  m«7  exerts  prosnTe  latterly  upon  the  sodium  carboiute  sotulioD.  and  this  in  tam  tiansmils 
il  ro  Ihemrrcorjr.  Albunxsis,  when  injected  inio  Ihe  blood,  keep  il  from  coagulating  (p.  37). 
Roy  fiudi  that  oil  maj  take  the  place  of  sodic  cartxiQale.] 

[PrecautioDB. — In  taking  a  blood-preisure-lracing,  after  seeing  that  t!ie  apparitm  is  perfect, 
care  mnal  be  taken  that  the  iniinal  19  perfectly  quiescent,  as  every  movement  causes  a  rise  of 
blood- pressure.  This  may  be  secured  by  giving  curare  and  keeping  up  artilicial  re^iralion,  or 
by  the  carefiilly  regulated  inhalation  of  elher.  When  a  drug  is  lo  be  injected  to  test  its  action, 
if  it  be  introduced  into  Ihe  jngular  vein  it  is  apt  lo  affect  Ihe  heart  directly.  This  may  be 
iTcided  by  injecting  il  into  a  vein  of  the  leg,  or  under  Ihe  ikin.  The  solution  of  Ihe  drug  must 
not  contain  particles  which  will  block  up  the  c^nllanet.  Care  should  also  be  taken  that  the 
carlwoate  of  aoda  does  not  (low  back  into  Ihe  anery.] 

(CoutiDaouB  Tracing. — When  we  have  occasion  lo  tike  a  tracing  for  any  lei^h  of  lime, 
ii  most  be  written  upon  a  tfrip  of  paper  which  is  moved  at  a  anifotm  rate  in  front  of  the 


Fig.  IIS. 
BIood-picBare  curve  of  the  carotid  of  a  dog  obtained  with  a  mercurial  manometer,     o-x  ^  line 
of  no  pressure,  zero  line,  or  abscissa  ;  y-y'  is  the  blood-pressure-tracing  with  small  waves, 
each  one  caused  by  a  heart-beat,  and  the  large  waves  due  to  the  respiration.     A  millimetre 
scale  sbow*  the  faeigfat  of  the  pressure  in  millimetres  of  mercury. 

wiilii^-siylc  on  the  Boat  (fig.  1 13).     Various  arrangements  are  employed  for  this  parpose,  but 

it  is  usual  lo  cause  a  cylinder  lo  revolve,  so  as  10  unfold  a  roll  of  paper  placed  on  a  movable 
hobhin.  As  Ibc  cylinder  revolvea,  il  gr^duslly  winds  off  Ihe  strip  of  paper  which  is  kept  applied 
i«  Ihe  revolving  surbce  by  ivory  friction- wheels.  In  Hering's  complicated  kymograph  a  long 
nip  of  smoked  paper  is  used.  The  writing-style  may  consist  of  a  sable  brush,  or  a  line  glass 
pen  filled  with  aniline  blue  dissolved  in  water,  lo  which  a.  little  alcohol  and  glycerin  are  added.] 
[In  order  to  measure  the  height  of  the  pressure,  we  must  know  Uie  position  of  the 
•Mciaaa  or  line  of  do  pressure,  and  it  may  be  recorded  at  Ihe  same  time  as  the  blood. ptcssnrc, 
ir  afterwards.  In  fig.  II  j  O — x  is  the  zero-line  or  the  abscissa,  and  the  height  of  the  vertical 
tioci  or  ordinate!  may  be  measured  by  the  millimetre  scale  on  (he  left  of  Ihe  figure.  The 
bogfat  of  the  btood-preisure  is  obtained  by  drawing  ordinales  from  the  curve  lo  the  abscissa, 
■neaiaring  their  length,  and  multiplying  by  two.] 

(5)  Spring  Kymograph. — A.  Fick(i8ti4)uses  a  hollow  spring-kymograph 
on  the  principle  of  Bourdon's  manometer  (fig,  113,  II). 
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Tcuel  by  a  junction  piece  filled  wUb  ■  loluiion  ol  lodium  orboiute.  As  toon  is  the  com- 
munication with  the  artery  is  opened,  the  pressure  rises,  and  the  spring,  of  course,  lends  to 
straighteD  itself.  To  the  closed  end,  i,  there  is  fined  a  veitieal  lod  attached  to  a  series  of  leren, 
A.  1,  i,  e,  one  of  which  writes  its  movements  upon  a  surbce  moving  at  ■  nniform  [Ue.  The 
blood- pressure  and  the  periodic  varialioDS  of  the  pulse  are  both  recorded,  although  the  bttei  il 
not  done  with  absolute  accuracy. 

[Hering'  improved  Pick's  instniment  (fig.  116).  The  hollow  spring  filled  with  alcohol  com. 
muoicates  at  a  with  tbe  lead  tube,  d,  passing  to  the  cannula  in  the  artery.  To  f  is  attached  a 
aeries  of  light  wooden  levers  with  a  wrilingstyle,  i.  The  lower  part  of  4  dips  into  a  veucl,  t, 
filled  with  oil  or  glycerin,  which  serves  to  damp  the  vibrations  of  the  leveit.  At/is  a  syringe 
communicating  with  the  tube,  d,  filled  with  a  solution  of  sodic  carbonate,  and  used  for  rego- 
latiog  Ihe  amount  of  fluid  in  the  tube  connecting  the  manomele'  with  the  blood-vessel.  The 
whole  apparatus  can  be  raised  or  lowered  on  the  toothed  rod,  h,  bj  means  of  Ihe  millbead 
opposite.^,  to  which  all  the  parts  of  the  apparatus  are  attached.] 

(6)  Fick'B  Flat  Spring- Kymograph.^The  narrow  tube,  a.  a  (l  mm.  diam.)  is  placed  in 
connection  with  a  blood-vessel  by  means  of  the  cannula,  c,  and  over  its  vertical  expanded  end. 
A,  is  Hxed  a  caoutchouc  membrane,  with  a  projecting  point,  j,  which  presses  against  a  hoiizonlal 
spring,  F,  joined  to  a  writing-lever, 
H.  by  an  intermediale  piece,  b.  The 
whole  is  held  in  the  metallic  frame. 
R  R  (fig.  117).  In  order  to  estimate 
the  absolute  pressure,  the  instrument 
must  be  compared  previously  with  a 
mercurial  m "~ " 


(B)  In  man  the  blood-pres- 
sure may  be  estimated  by  means 
*■  of — (i)  a  properly  graduated 
sphygmograph  (g  67).  The 
pressure  required  to  abolish  the 
movement  of  the  lever  indicates 
approximately  the  vascular  ten- 
sion. The  mean  blood-pressure 
in  the  radial  artery  is  equal  to 
550  grams. 

(2)  Sphygmomanometer 
of  V.  Basch. — A  capsule  con- 
taining fluid  was  placed  upon  a 
pulsating  artery,  while  the  cap- 
sule itself  communicated  with 
^.  ,     „  ..         '^'  "  '.  *  mercurial    manometer.      As 

Pick's  Spnng  Manometer,  as  improved  by  Henng.        ^^^  ^  t^g  pressure  within  the 

manometer  slightly  exceeded  that  within  the  artery,  the  artery  was  compressed 
so  that  a  sphygmograph  placed  on  a  peripheral  portion  of  the  vessel  ceased  to 
beat.  Both  arrangements  do  not  give  the  exact  pressure  within  the  artery  \  tbey 
only  indicate  the  pressure 
which  is  reqtiired  to  compress 
the  artery  and  the  overlying 
soft  parts.  The  pressure  re- 
quired to  compress  the  walls 
of  an  empty  artery,  however, 
is  very  small  compared  with 


I 

i 


Fig.  117. 

Pick's  Flat  Spring  Kymc^^>h. 
the  blood-pressure.       It  is  only  4  mm.  Hg.     V.  Basch  estimated  the  pressure- 
in  the  radial  artery  of  a  healthy  man  to  be  135  to  165  millimetres  of  mercury. 
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Variations. — In  children  the  blood-pressure  increases  with  age,  height,  and  weight.  In 
the  superBcial  temporal  artery,  at  2  to  3  years,  it  is  =  97  mm. ;  12  to  13  vears,  113  mm.  Hg 
{A,  Eckert^  c.  }  100).  The  blood-pressiire  is  raised  immediately  after  bodily  movements ;  it 
is  higher  when  a  person  is  in  the  horizontal  position  than  when  sitting,  and  in  sitting  than  in 
standing.  After  a  cold  as  well  as  after  a  warm  bath,  the  first  effect  is  an  increase  of  blood- 
pressure  and  of  the  quantity  of  urine. 

85.  BLOOD.PRESSURE  IN  THE  ARTERIES.— The  following 
results  have  been  obtained  by  experiment  on  systemic  arteries  : — 

{a)  Mean  Blood-Pressure. — The  blood-pressure  is  very  considerable, 
varying  within  pretty  wide  limits ;  in  the  large  arteries  of  large  mammals,  and 
perhaps  in  man,  it  =  140  to  160  millimetres  [5.4  to  6.4  inches]  of  a  mercurial 
column. 


The  following  results  have  been  obtained,  those  marked  thus  *  by  Poiseuille,  and  thus  -\-  by 
Volkmann : — 


*  Carotid,  Horse  161  mm. 

4-      '*  *^     122  to  214  mm. 

*  "       Dog,   151  mm. 
'*      130  to  190  mm.  {Ludwig), 

Goat,  118  to  135  mm. 
Rabbit,  90  mm. 


+ 


M 


« 


«« 


4-  Carotid,  Fowl,  88  to  171  mm. 

4-  Aorta  of  Frog,  22  to  29  mm. 

4-  Gill  Artery  of  Pike,  35  to  84  mm. 

Brachial  artery  of  Man  during  an  operation, 

1 10  to  120  mm.  {Faivre).     Perhaps  too 

low  owing  to  the  injury. 


£.  Albert  estimated  the  blood- pressure  by  means  of  a  manometer,  placed  in  connection  with 
the  anterior  tibial  artery  of  a  bov  whose  leg  was  to  be  amputated,  to  be  100  to  160  mm.  Hg. 
The  elevation  with  each  pulse-beat  was  17  to  20  mm. ;  coughing  raised  it  to  20  or  30  mm. ; 
tight  bandaging  of  the  healthy  leg,  15  mm.;  while  passive  devation  of  the  body,  whereby  the 
hydrottatic  action  of  the  column  of  blood  was  brought  into  play,  raised  it  40  mm. 

The  pressure  in  the  aorta  of  mammals  varies  from  200  to  250  mm.  Hg.  As  a  general  rule, 
the  blood-pressure  in  large  animals  is  higher  than  in  small  animals,  because  in  the  former  the 
blood-channel  is  considerably  longer,  and  there  is  a  greater  resistance  to  be  overcome.  In  very 
young  and  in  very  old  animals  the  pressure  is  lower  than  in  individuals  in  the  prime  of  life. 

The  arteria]  pressure  in  the  foetus  is  scarcely  half  that  of  the  newly  born,  while  the  venous 
pressure  is  higber,  the  difference  of  pressure  between  arterial  and  venous  blood  being  scarcely 
half  so  great  as  in  adult  animals  {Cohmiein  and  Zimtt), 

The  arterial  blood-pressure  is  highest  in  the  aorta,  and  falls  towards  the 
smaller  vessels,  but  the  fall  is  very  gradual,  as  shown  in  fig.  118.  A  great  fall 
takes  place  on  passing  from  the  b.r 
area  of  the  arterioles  into  the  ca- 
pillary area  (C),  while  it  is  less  in 
the  venous  area,  and  negative  in 
the  veins  near  the  heart,  as  indi- 
cated in  the  dotted  line  passing 
below  the  abscissa,  so  that  the 
pressure  is  lo^^est  in  the  cardiac 
ends  of  the  venae  cavae  (compare 
fig.  "4). 

{b)  Branching  of  the  Blood- 
vessels.— Withm  the  large  arte- 
ries the  blood-pressure  diminishes 
relatively  little  as  we  pass  toward 


o 
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Fig.    118. 

Scheme  of  the  blood-pressure,  in  A,  the  arteries; 
C,  capillaries,  and  V,  veins ;  O-O  is  the  abscissa 
or  line  of  no  pressure ;  L.  V.,  left  ventricle,  and 
K.  A.,  right  auricle ;  B.  P.,  the  height  of  the 
blood>pressure. 


the  periphery,  because  the  difference  of  the  resistance  in  the  different  sections 
of  lairge  tubes  is  very  small.  As  soon,  however,  as  the  arteries  begin  to  divide 
frequently,  and  undergo  a  considerable  diminution  in  their  lumen,  the  blood- 
pressure  in  them  rapidly  diminishes  because  the  propelling  energy  of  the 
blood  is  much  weakened,  owing  to  the  resistance  which  it  has  to  overcome 

(§  99). 
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(r)  Amount  of  Blood. — ^The  blood-pressure  is  increased  with  greater  filUng 
/>f  the  arteries i  and  vice  versd  ;  hence  it 

Increases.  Decreases. 

1.  With  increased  and  accelerated  action  of        i.  Daring  diminished  and  enfeebled  acdon  of 

the  heart ;  the  heart ; 

2.  In  plethoric  persons ;  2.  In  anaemic  persons ; 

3.  After  a  very  considerable  increase  of  the        3.  After  hemorrfaa^   or  considerable  exere- 

quantity  of  blood  by  direct  transfusion,  tions  from  the  blood  by  sweating,  tbt 

or  after  a  copious  meal.  urine,  severe  diarrhoea. 

The  blood-pressure  does  not  vary  in  the  same  proportion  as  the  variations  in  the  amount  aC  / 
blood.  The  vascular  system,  in  virtue  of  fts  muscular  tissue,  has  the  property,  within  liberdfev 
wide  limits,  of  accommodating  itself  to  larger  or  smaller  quantities  of  blood  {C.  Ludxmg  wA\^ 
Worm  MUiUr^  J  102,  d).  [In  fact,  a  large  amount  of  blood  may  be  transfused  without  matdl'  V 
ally  raising  the  blood-pressure.  Small  and  moderate  hemorrhages  (in  the  dog  to  2.8  per  ceaU  \ 
of  the  body- weight)  have  no  obvious  effect  on  the  blood-pressure.  After  a  sli^t  loss  of  \MA.  t*" 
the  pressure  may  even  rise  (  Worm  Mulier).  If  a  large  amount  of  blood  be  withdrawn,  it  caaOiF'-, 
a  great  fall  of  the  blood  •  pressure,  and  when  hemorrhage  occurs  to  4-6  per  cent,  of  the  bod)^./; 
weight,  the  blood-pressure  =  o.  The  transfusion  of  a  moderate  amount  of  blood  does  not  nmt'Jt 
the  mean  arterial  blood-pressure.  There  are  important  practical  deductions  from  these  en>alif  •■ 
ments,  viz.,  that  the  arterial  blood-pressure  cannot  be  diminished  directly  by  moderate  bioo^  *^ 
letting,  and  that  the  blood-pressure  is  not  necessarily  high  in  plethoric  persons.] 

(//)  Capacity  of  the  Vessels. — The  arterial  pressure  rises  when  thti? 
capacity  of  the  arterial  system  is  diminished,  and  conversely.     The  circularijF^; 
disposed  smooth  muscular  fibres  of  the  arteries  are  the  chief  agents  concemtt 
in  this  process.     When  they  relax,  the  arterial  blood-pressure  falls,  and  whes 
they  contract,  it  rises.     These  actions  of  muscular  fibres  are  controlled  and 
regulated  by  the  action  of  the  vasomotor  nerves  (§371). 

(/)  Collateral  Vessels. — The  arterial  pressure  within  a  given  area  of  the 
vascular  system  must  rise  or  fall  according  as  the  neighboring  areas  are  dimin- 
ished, whether  by  the  application  of  pressure,  or  a  ligature,  or  are  rendered 
impervious,  or  as  these  areas  dilate.  The  application  of  cold  or  warmth  to 
limited  areas  of  the  body — increasing  or  diminishing  the  atmospheric  pressure 
on  a  part — the  paralysis  or  stimulation  of  certain  vasomotor  areas  all  produce 
remarkable  variations  in  the  blood-pressure  (§  371).  [The  eflfect  of  dilatation 
of  a  large  vascular  area  on  the  arterial  pressure  is  well  shown  by  what  happens 
when  the  blood-vessels  of  the  abdomen  are  dilated.]  Divide  both  vagi  in  the 
neck  of  a  rabbit  and  stimulate  the  central  end  of  the  superior  cardiac 
branch  of  the  vagus  or  depressor  nerve ;  after  a  few  seconds  the  blood- 
vessels of  the  abdomen  dilate,  and  gradually  there  is  a  steady  fall  of  the  blood- 
pressure  in  the  systemic  arteries.  Fig.  119  is  a  blood-pressure  tracing  showing 
the  height  of  the  blood-pressure  before  stimulation,  a.  The  stimulation  was 
continued  from  a  to  b,  and  after  a  rather  long  latent  period  there  is  a  steady  iidl 
of  the  blood-pressure. 

(/)  Respiratory  Undulations. — The  arterial  pressure  also  undergoes 
regular  variations  or  undulations  o^ving  to  the  respiratory  movements.  These 
undulations  are  called  respiratory  undulations  (figs.  115,  119,  120).  Stated 
broadly,  on  the  whole,  during  inspiration  the  blood-pressure  rises,  and  during 
-expiration  it  falls  (§  74).  This  is  not  strictly  correct.  These  undulations  may 
be  explained  by  the  fact  that,  with  every  expiration,  the  blood  in  the  aorta  is 
subjected .  to  an  increase  of  pressure  through  the  compressed  air  in  the  chest ; 
with  every  inspiration,  on  the  other  hand,  it  is  diminished  owing  to  the  rare- 
faction of  the  air  in  the  lungs  acting  upon  the  aorta.  Besides,  the  inspiratory 
movements  of  the  chest  aspirate  b>ood  from  the  venae  cavse  towards  the  heart, 
while  expiration  retards  it,  and  thus  influences  the  blood-pressure.  The  undu- 
lations are  most  marked  in  the  arteries  lying  nearest  to  the  heart.  The  respi- 
ratory undulations  are  due  in  part  to  a  stimulation  or  condition  of  excitement 
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of  the  vaso^ittotor  centre,  which  runs  paratfel- with  t^e  respiratory  movements. 
This  stimulation  of  the  vaso-motor  centre  causes  the  arteries  to  contract,  and 
ihm  the  blood-pressure  is  raised.  The  variations  in  the  pressure  which  depend 
npon  a  varying   activity  of  the  vaso-motor  centre  are  known  as  the  "curves 


Kymof^phic  tt«cmg  showing  the  effect  on  the  blood .prcMvre  of  siimuUlioD  of  the  central  end 
of  ihe  deprcsBor  nerre  in  the  raUiit  after  lection  of  both  wap  in  the  neck.  Stimulation 
be^n  at  a  utd  ended  at  i;  o-x,  the  absciM*. 

otTraabe  and  Hering."  Fig.  lao  shows  the  carotid  blood-prestare  tracing  of 
a  ^0%.  In  this  curve,  when  inspiration  begins  (i)  the  blood-presure  is  stilt 
falling  slightly,  but  gradually  rises  until  it  reaches  its  maximum  shortly  after  the 
beginning  of  expiration  (E).  [The  maxima  and  minima  of  the  respiratory  and 
blood -pressure  curves  do  not  coincide  exactly,  but  in  addition  the  ttumber  of 


Carotid  blood-presiare  traciDg  of  d(^;  ragi  oot  divided ;  I  Tsinipjration.     E^expiration 

{Stirling). 

pulse-beats  is  greater  in  the  ascent  than  in  the  descent.  This  is  well  marked  in 
a  blood- pressure  tracing  from  a  dog's  carotid  (fig.  1  zo)  while  in  a  rabbit  this 
difference  of  the  pulse-rate  is  but  slightly  marked  (fig.  1 19).  The  smaller  num- 
ber of  pulse-beats  during  the  descent,  i.  e.,  during  the  greater  part  of  expiration, 
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is  due  to  the  activity  of  the  cardio-inhibitory  centre  in  the  medulla  oblongata. 
This  is  proved  by  the  fact  that  section  of  both  vagi  in  the  dog  causes  the  differ- 
ence of  pulse-rate  to  disappear,  while  other  conditions  remain  the  same  as  before, 
except  that  the  heart  beats  more  rapidly.  It  would  seem  that,  during  the  ascent, 
the  cardio-inhibitory  centre  is  comparatively  inactive.  It  is  clear,  therefore, 
that  the  respiratory  and  cardio-inhibitory  centres  in  the  medulla  oblongata 
act  to  a  certain  extent  in  unison,  so  that  it  is  reasonable  to  suppose  that  other 
centres  situated  in  close  proximity  to  these  may  also  act  in  unison  with  them, 
or,  as  it  were,  **  in  sympathy.*'  As  already  stated,  the  vaso-motor  centre 
is  also  in  action  during  a  particular  part  of  the  time.] 

[If  a  dog  be  curarized  and  artificial  respiration  established,  the  respiratory 
undulations  still  occur,  although  in  a  modified  form.  In  artificial  respiration, 
the  mechanical  conditions,  as  regards  the  intra-thoracic  pressure,  are  exactly 
the  reverse  of  those  which  obtain  during  ordinary  respiration.  Air  is  forced 
into  the  chest  during  artificial  respiration,  so  that  the  pressure  within  the  chest 
is  increased  during  inspiration,  while  in  ordinary  inspiration  the  pressure  is  di- 
minished.   Thus,  the  same  mechanical  explanation  will  not  suffice  for  both  cases.] 

If  the  artificial  respiration  be  suddenly  interrupted  in  a  curarized  animal,  the 
blood-pressure  rises  steadily  and  rapidly.  This  rise  is  due  to  the  stimulation  of 
the  vaso-motor  centre  in  the  medulla  oblongata  by  the  impure  blood.  This 
causes  contraction  of  the  small  arteries  throughout  the  body,  which  retards  the 
outflow  from  the  large  arteries,  and  thus  the  pressure  within  them  is  raised. 
[Stated  broadly,  the  arterial  pressure  depends  on  the  central  organ — the 
heart,  and  on  the  condition  of  the  peripheral  organs — the  small  arteries. 
Both  are  influenced  by  the  nervous  system.  If  the  action  of  the  vaso-motor 
centre  be  eliminated  by  dividing  the  spinal  cord  in  the  cervical  region,  arrest 
of  the  respiration  causes  a  very  slight  rise  of  the  blood-pressure ;  hence,  it  is 
evident  that  venous  blood  acts  but  slightly  on  the  heart,  or  on  any  local  peri- 
pheral nervous  mechanism,  or  on  the  muscular  fibres  of  the  arteries.  This  ex- 
periment shows  that  it  is  the  vaso-motor  centre  which  is  specially  acted  upK>n 
by  the  venous  blood.] 

[Traube-Hering  Curves. — The  following  experiment  proves  that  the  vary- 
ing activity  of  the  vaso-motor  centre  suffices  to  produce  undulations  in  the  blood- 
pressure  tracing.  In  a  curarized  dog  expose  both  vagi;  establish  artificial 
respiration  ;  and  estimate  the  blood- pressure  in  the  carotid.  After  section  of 
the  vagi,  the  heart  will  beat  more  rapidly,  but  it  will  be  undisturbed  by  the 
cardio-inhibitory  centre.  Thus  the  central  factor  in  the  causation  of  the  blood- 
pressure  remains  constant.  Suddenly  interrupt  the  respiration,  and,  as  already 
stated,  the  blood-pressure  will  rise  steadily  and  uniformly,  owing  to  the  stimu- 
lation of  the  vaso-motor  centre  by  the  venous  blood.  In  this  case  the  feri- 
pheral  factor,  or  state  of  tension  of  the  small  arteries  throughout  the  body,  is 
influenced  by  the  condition  of  the  nerve-centre,  which  controls  their  action. 
After  a  time,  the  blood-pressure  tracing  shows  a  series  of  bold  curves  higher  than 
the  original  tracing.  These  can  only  be  due  to  an  alteration  in  the  state  of  the 
small  arteries,  brought  about  by  a  condition  of  rhythmical  activity  of  the  vaso- 
motor centre.  These  curves  were  described  and  figured  by  Traube  and  are  called 
the  Traube  or  Traube-Hering  curves.  As  in  other  conditions,  stimulation  causes 
exhaustion,  and  soon  the  venous  blood  paralyzes  the  vaso-motor  centre,  and  the 
small  arteries  relax,  blood  flows  freely  out  of  the  larger  arteries,  and  the  blood 
pressure  rapidly  sinks.  Variations  in  the  blood-pressure  have  been  observed  after 
a  mechanical  pump  has  been  substituted  for  the  heart,  /.  ^.,  after  all  respiratory 
movements  have  been  set  aside,  so  that  the  only  factor  which  would  account 
for  the  phenomena  of  the  Traube-Hering  curves  is  the  variation  in  the  peripheral 
resistance  in  the  small  arteries,  determined  by  the  condition  in  the  vaso-motor 
centre.] 
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Variations. — The  respiratory  undulations  of  the  blood -pressure  become  more  pronounced 
the  greater  the  force  of  the  respirations,  which  produce  greater  variations  of  the  intra-thoracic 
pressure.  In  man,  the  diminution  of  the  pressure  wiSiin  the  trachea  is  I  mm.  Hg.  during 
tranquil  inspiration,  while  during  forced  respiration,  when  the  respiratory  passage  is  closed,  it 
may  be  57  mm.  Conversely,  during  ordinary  expiration,  the  pressure  is  increased  within  the 
trachea  2-3  mm.  Hg,  while  during  forced  expiration,  owing  to  the  compression  of  the  abdominal 
muscles,  it  may  reach  87  mm.  Hg. 

Other  Factors. — The  increase  of  the  blood-pressure  during  inspiration,  as  well  as  the  faU 
during  expiration,  must  in  part  depend  upon  the  pressure  within  the  abdomen;  As  the  dia- 
phragm descends  during  inspiration,  it  presses  upon  the  abdominal  contents,  including  the 
abdominal  vessels,  whereby  the  blood-pressure  must  be  increased.  The  reverse  effect  occurs 
during  expiration  (Schweinburg).  [Section  of  both  phrenic  nerves  and  opening  of  the  abdominal 
cavity  cause  the  respiratory  undulations  almost  entirely  to  disappear.  The  respiratory  undula- 
tions, therefore,  depend  in  great  part  upon  the  changes  of  the  abdominal  pressure  and  the  effect 
of  these  changes  on  the  amount  of  blood  in  the  abdominal  vessels.  When  making  a  blood> 
pressure  experiment,  pressure  upon  the  abdomen  of  the  animal  with  the  hand  causes  the  blood - 
pressure  to  rbe  rapidly.] 

Kron^ker  and  Heinricius  ascribe  the  undulations  to  mechanical  causes,  and  as  due  to  the 
simultaneous  compression  of  the  heart  by  the  lungs  during  respiration.  Everything  which 
hinders  the  diastole  of  the  heart  diminishes  the  blood-pressure.  As  soon,  therefore,  as  the 
Inngs  during  inspiration  have  become  distended  so  fiur  as  to  compress  the  heart,  the  diastole  is 
a£Rected,  and  thereby  a  decrease  in  the  blood-pressure  of  the  aorta  is  brought  about.  As  soon 
as  air  passes  out  of  the  lungs,  and  the  latter  retract,  the  heart  becomes  fuller  and  the  arterial 
pressure  rises. 

{g)  Variations  with  each  Pulse-Beat. — The  mean  arterial  pressure 
undergoes  a  variation  with  each  heart-beat  or  pulse^beat^  causing  the  so-called 
pulsatory  undulations  (fig.  120).  The  mass  of  blood  forced  into  the  arteries 
with  each  ventricular  systole  causes  a  positive  wave  and  an  increase  of  the  pres- 
sure corresponding  with  it,  which  of  course  corresponds  in  its  development  and 
in  its  form  with  the  pulse-curve. 

In  the  large  arteries  Volkmann  found  the  increase  during  the  heart-beat  to  be  =  -j^  (horse) 
and  -^  (dog)  of  the  total  pressure. 

None  of  the  apparatus  described  in  J  84  gives  an  exact  representation  of  the  pulse-curve. 
They  all  show  simply  a  rise  and  fall,  a  simple  curve.  The  sphygmograph  alone  gives  a  true 
expression  of  the  undulations  in  the  blood-pressure  which  are  due  to  the  heart-beat. 

(A)  Arrest  of  the  Heart's  Action. — If  the  heart's  action  be  arrested  or  in- 
terrupted by  continued  stimulation  of  the  vagus,  or  by  high  positive  respira- 
tory pressure,  the  arterial  blood  pressure  falb  enormously,  while  it  rises  in  the 
veins  as  the  blood  flows  into  them  from  the  arteries  to  equilibrate  the  difference 
of  pressure  in  the  two  sets  of  vessels.  This  experiment  shows  that,  even  when 
the  difference  of  pressure  is  almost  entirely  set  aside,  the  passive  blood  presses 
upon  the  arterial  walls,  /.  ^.,  on  account  of  the  overfilling  of  the  blood-vessels 
a  slight  pressure  is  exerted  upon  the  walls,  even  when  there  is  no  circulation. 
[As  already  stated,  the  arterial  pressure  depends  on  the  condition  of  the  central 
organ — the  heart — and  on  the  peripheral  organs — the  small  arteries.  If  the 
action  of  the  heart  be  arrested,  then  the  blood-pressure  rapidly  falls.  Fig.  121 
shows  the  effect  on  the  blood-pressure  of  arresting  the  action  of  the  heart  by 
stimulation  of  the  peripheral  end  of  the  vagus  in  a  rabbit.  There  is  a 
sudden  fall  of  the  arterial  pressure,  as  shown  by  the  rapid  fall  of  the  curve 
from  a.] 

[Variations  in  Animals. — The  pressure  in  the  arterial  system  depends  upon  the  balance 
between  the  inflow  and  outflow,  1.  e.^  upon  the  heart  and  the  state  of  the  arterioles.  But  it  is 
to  be  noted  that  the  central  factor,  the  heart,  varies  in  different  animals.  In  the  rabbit  the 
heart  normally  beats  rapidly,  so  that  section  of  the  vagi  does  not  cause  any  great  increase  in 
the  number  of*^  beats,  nor  is  the  blood -pressure  much  raised  thereby.  In  the  dog,  on  the  other 
hand,  the  beats  are  considerably  increased  by  section  of  the  vagi,  while  the  blood-pressure 
rises  considerably.  Atropin  paralyzes  the  cardiac  terminations  of  the  vagus,  and  thereby  trebles 
the  number  of  heart-beats  in  the  dog,  while  it  only  raises  it  25  per  cent,  in  the  rabbit ;  in  man, 
again,  the  number  may  be  doubled.     As  Bninton  has  shown,  this  diflerience  of  the  initial 
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namber  of  b«ut-beals  tnA  the  wtion  of  the  lagat  h&ve  important  relaiioni  lo  the  acliaii  of 
■drugt  OQ  ibe  blood -nreuare.  For  example,  if  an  intact  rabbit  be  earned  to  inhale  amyl  nitrite 
the  bloed-pres>ai;e.lsl1i  at  ODCe  aad  rapidly,  while  in  (he  dt^  Iha  fajl  vuy  be  ilight.  The  pulse 
of  the  dog,  howcTer,  is  greallji  accelerated,  so  much  so  as  lo  be  nearly  as  nipid  ai  tbat  of  the 
rabbit.  In  both,  the  vessels  are  dilated,  but  in  the  dog,  nolwithiKandiDg  ihls  dilatation,  which 
per  se  would  cause  the  pressare  to  bll,  the  heart  of  the  dog  beais  now  so  npidl;  as  to  com- 

Csate  for  this,  and  thus  keeps  the  blood-pressure  nearly  oormaJ ;  while  tlie  increued  rate  of 
ting  in  the  rabbit  is  doi  safSdeot  for  this  purpose.  If  ihe  vagi  in  the  dog  be  divided,  the 
subsequent  inhalation  of  amyi  nitrite  causes  a  fall  of  blood -pressure  hke  that  in  the  rabbit 
(BrutUan).  Fig.  isi  ibowi  that  the  arterial  tension  has  no  direct  rdalioB  to  the  position  of  an 
animal  in  the  loOlogical  scale.] 

[Relation  of  Blood-Pressure  to  Pulse-Rate. — When  the  blood- 
pressure  rises  in  an  intact  animal,  as  a  rule  the  pulse-rate  falls,  owing  to  stimu- 
lation of  the  vagus  centre  increasing  the  cardio-inhibitory  action,  while  a  &11 
of  blood-pressure  is  accompanied  by  an  increase  of  the  number  of  pulse-beats 


Fig.  lai. 

Blood-pressure  tracing  taken  with  a  mercurial  kymc^raph  Troni  the  carotid  of  a  rabbit. 

o-x,  abscissa ;  slimulalion  of  vagus  begun  at  a  and  slopped  at  i. 

for  the  opposite  reason,  the  action  of  the  medullary  cardio-inhibitory  centre 
being  increased.  But  the  blood -pressure  may  be  increased  either  by  the  action 
of  the  heart  or  the  arterioles.  If  we  divide  the  vagi  the  pulse  beats  more 
quickly,  and  in  some  animals  the  blood -pressure  rises ;  in  this  case,  the  rise  in 
the  two  curves  occurs  together,  and  if  the  vagi  he  stimulated  there  is  a  sudden 
fall  of  the  blood -pressure,  due  to  arrest  of  the  heart's  action,  so  that  again  the 
two  curves  are  parallel.  If  the  arterioles  contract  the  blood -pressure  rises,  but 
by  and  by  the  pulse-rate  falls,  owing  to  the  cardio-inhibitory  action  of  the 
vagus;  while  on  the  other  hand,  if  the  arterioles  are  dilated,  the  blood-pressure 
falls,  and  the  heart  beats  Rister.  Thus,  in  both  of  these  cases  the  pulse-curve 
and  blood -pressure  curve  run  in  opposite  directions.  These  results  only  obtain 
when  the  vagi  are  intact  {Brunton).'\ 

[The  increase  in  the  pulse-rale  and  blood -pressure  following  section  of  the  v^;i  do  not  ran 
parBllel.  Both  sooner  or  later  reach  a  maximum,  but  the  blood -pressoie  gradually  fall*  to  or 
below  the  nwmal  while  the  pulse-rate  renuuni  above  the  normal  (j(/fjni^/).] 
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For  the  efiecu  of  tbc  nervous  syBtem  upon  the  blood-pressore,  see  J  371. 
Pathological. — Id  penons  sulfedng  from  granular  or  contracted  kidney  and  icleraus  of  tlie 
■Tteries,  ID  lead  poisoning,  and  alter  the  inicction  of  ergotui,  which  caucei  contraction  of  the 
immll  aReriei,  it  is  fuund,  on  employing  the  method  of  v.  Bisch,  ibit  the  Uood-preuure  ii 
raised.  It  is  also  increased  in  cases  of  cardiac  hypertrophy  vitb  diUtalion,  and  by  digitalis 
ia  etrdiae  affectimu,  while  it  Tails  after  the  injection  of  morphia.  The  blood. pressure 
Bills  ID  fever,  a  lact  also  indicated  in  Cbe  sphygnugram  (j  69),  and  it  is  low  in  chlorosis  and 
pblbiiu. 

K.  BLOOD- PRESSURE  IM   THE  CAPILLARIES.— Metliod  a  .—Direct   estima- 

thn  of  the  capillaiy  pressure  is  not  possible  on  account  of  the  smallaess  of  the  capillaries.     If  a 

glau  plate  of  known   dimeniions  be  placed  on  a  Tascular  portion  of  the  skin,  and  if  it  be 

weighted  nnti't  the  capillaries  become  pale,  we  obtain  approximately  the  pressure  necessary  to 

overcome  the  capillary  preamre.     N.  r.  Kries  placed  a 

small  glass  plate  (fig.  113)  2.5-5  ^-  aim.,  on  the  skin 

at  (he  root  of  the  nail  on  the  terminal  phalanx,  or  on 

the  ear  in  man,  and  on  the  gum  in  rabbits.     Into  a 

scale  pan  attached  to  this  weights  were  placed  until  (he 

ekln  became  pale.     The  pressure  in  the  capillaries  of 

the  hand,  when  the  hand  is  raised,  Kries  found  to  be 

24  mm.  Hg. ;  when  the  hand  hangs  down,  54  mm.  Hg. ; 

in  the  eai,  20  mm. ;  and  in  the  gum  of  a  rabbit,  31  mm. 

Roy  and  Graham   Brown  compressed  from   below 

transparent  vascular  membranes  against  a  gla&s  plate  by 

means  of  an  elastic  bag  connected  with  a  manometer, 

while  the  varialJoni  in  ihe  capillaries  were  observed 

from  above  by  a  microscope. 


Sdieme  of  (he  blood -pressure.     H, 

Fig.  123.  he^.    a,  auricle;  v,  ventricle;   A, 

F'E-   ^"-  V.Kries'sappara-     aiterial;  C,  capillary;  and  V,  ve- 

B^>od-pTesaiire   tracings   from  different      tus  li>r  capillary    nous  areas.      The  circle  indicates 

animals.     The  acale  of  centimetres  is      pressure,         a,    the  part*  within  Ihe  thorax  ;  B.P., 

tedaccd  one-half.  square  of  glass,    pressure  in  the  aorta. 

Conditions  infiuencing  Capillary  Pressure. — The  capillary  blood- 
pressurc  in  a  given  area  increases — (r)  When  the  afferent  small  arteries  dilate, 
so  that  the  blood-pressure  wilhin  the  large  arteries  is  propagated  more  easily 
into  them.  (2)  By  increasing  the  pressure  in  the  small  afferent  arteries.  (3)  By 
narrowing  the  diameter  of  the  veins  leading  from  the  capillary  area.  Closure 
of  the  veins  may  qtiadruple  the  pressure.  (4)  By  increasing  the  pressure  in  the 
veins,  n-g.,  by  altering  the  position  of  a  liffib.  A  diminution  of  the  capillary 
pressure  is  caused  by  the  opposite  conditions. 

Changes  in  the  diameter  of  the  capillaries  inlluence  the  internal  pressure.  We  have  to 
consider  the  moverornit  of  Ihe  capillary  wall  itself  as  well  as  the  pressure,  swelling,  and  con- 
sistence of  the  surrounding  iis>ues    The  resistance  to  (he  blood-stream  is  greatest  in  (he  capillary 
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area,  and  it  is  evident  that  the  blood  in  a  long  capillary  must  exert  more  pressure  at  the  com- 
mencement than  at  the  end  of  the  capillary ;  in  the  middle  of  the  capillary  area  the  blood- 
pressure  is  just  about  one-half  of  the  pressure  within  the  large  arteries  {Domders),  The  capillaiy 
pressure  must  also  yary  in  different  regions  of  the  body,  llius,  the  pressure  within  the  intestinal 
capillaries,  in  those  constituting  the  glomeruli  of  the  kidney,  and  in  those  of  the  lower  limbs 
when  a  person  is  in  the  erect  posture,  must  be  greater  than  in  other  regions,  de|3ending  in  the 
former  cases  partly  upon  the  double  resistance  caused  by  two  sets  of  capillaries,  and  in  the 
latter  case  partly  on  purely  hydrostatic  causes. 

87.  Blood-Pressure  in  the  Veins. — In  the  large  venous  trunks  near 
the  heart  (innominate,  subclavian,  jugular)  a  mean  negative  pressure  of  about 
-  0.1  mm.  Hg.  prevails  (Jf,  Jacobson),  Hence,  the  lymph-stream  can  flow  un- 
hindered. As  the  distance  of  the  veins  from  the  heart  increases,  there  is  a  gradual 
increase  of  the  lateral  pressure ;  in  the  external  facial  vein  (sheep)  =  -f-  3  mm.; 
brachial,  4.  i  mm.,  and  in  its  brairches  9  mm. ;  crural,  11.4  mm.  [The  pressure 
is  said  to  be  negative  when  it  is  less  than  that  of  the  atmosphere.  The  gradual 
fall  of  the  blood-pressure  from  the  capillary  area  (C)  to  the  venous  area  (V)  is 
shown  in  ^g,  124,  while  within  the  thorax,  where  the  veins  terminate  in  the 
right  auricle,  the  pressure  is  negative.] 

Modifying  Conditions.^i)  All  conditions  which  diminish  the  difference 
of  pressure  between  the  arterial  and  venous  systems  increase  the  venous  pressure^ 
and  vice  versd, 

2)  General  plethora  of  blood  increases  it ;  anaemia  diminishes  it. 

J)  Respiration,  or  the  aspiration  of  the  thorax,  affects  specially  the 
pressure  in  the  veins  near  the  heart ;  during  inspiration,  owing  to  the  dimin- 
ished tension,  blood  flows  towards  the  chest,  while  during  expiration  it  is 
retarded.  The  effects  are  greater  the  deeper  the  respiratory  movement,  and 
these  may  be  very  great  when  the  respiratory  passages  are  closed  (§  60). 

[When  a  vein  is  exposed  at  th^  root  of  the  neck,  it  collapses  during  inspiration,  and  fills  dur- 
ing expiration.  The  respiratory  moyements  do  not  affect  the  venous  stream  in  peripheral  veins. 
The  veins  of  the  neck  and  face  become  distended  with  blood  during  crying,  and  on  making 
violent  expiratory  efforts,  as  in  blowing  upon  a  wind  instrument.  Every  surgeon  is  acquainted 
with  the  fact  that  air  is  particularly  liable  to  be  sucked  into  the  veins  during  inspiration  in  opera- 
tions near  the  root  of  the  neck.  This  is  due  to  the  negative  intra-thoracic  pressure  occurring 
during  inspiration.] 

(4)  Aspiration  of  the  Heart. — Blood  is  sucked  or  aspirated  into  the 
auricles  when  they  dilate  (p.  67),  so  that  there  is  a  double  aspiration— one  syn- 
chronous with  inspiration,  and  the  other,  which  is  but  slight,  synchronous  with 
the  heart-beat.  There  is  a  corresponding  retardation  of  the  blood-stream  in 
the  venae  cavae,  caused  by  the  contraction  of  the  auricle  (p.  67,  a).  The 
respiratory  and  cardiac  undulations  are  occasionally  observable  in  the  jugular 
vein  of  a  healthy  person  (§  99). 

(5)  Change  in  tht  position  of  the  limbs  or  of  the  body,  for  hydrostatic  reasons, 
greatly  alters  the  venous  pressure.  The  veins  of  the  lower  extremity  bear  the 
greatest  pressure,  and  Bardeleben  has  shown  that  the  walbof  these  veins  contain 
much  smooth  muscle  (§  65).  Hence,  when  these  muscles  from  any  cause  become 
insufficient,  dilatations  occur  in  the  veins,  giving  rise  to  the  production  of 
varicose  veins. 

[Braune  showed  that  the  femoral  vein  under  Poupart's  ligament  collapsed  when  the  lower 
limb  was  rotated  outwards  and  backwards,  but  filled  again  when  the  limb  was  restored  to  its 
former  position.  All  the  veins  which  open  into  the  femoral  vein  have  valves,  which  permit  blood 
to  pass  into  the  femoral  vein,  but  prevent  its  reflux.  This  mechanism  acts  to  a  slight  degree  as 
a  kind  of  suction  and  pressure  apparatus  when  a  person  walks,  and  thus  favors  the  onward 
movement  of  the  blood.] 

[(6)  Muscular  Movements. — Veins  which  lie  between  muscles  are  com- 
pressed when  these  muscles  contract,  and  as  valves  exist  in  the  veins,  the  flow  of 
blood  is  accelerated  towards  the  heart ;  if  the  outflow  of  the  blood  be  obstructed 
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in  any  way,  then  the  venous  pressure  on  the  distal  side  of  the  obstruction  may 
be  greatly  increased.  When  a  fillet  is  tied  on  the  upper-arm,  and  the  person 
moves  the  muscles  of  the  fore-arm,  the  superficial  veins  become  turgid,  and  can 
be  distinctly  traced  on  the  surface  of  the  limb.] 

(7)  Gravity  exercises  a  greater  effect  upon  the  blood-stream  in  the  extensile 
veins  than  upon  the  stream  in  the  arteries.  It  acts  on  the  distribution  of  the 
blood,  and  thus  indirectly  on  the  motion  of  the  blood-stream.  It  favors  the 
emptying  of  descending  veins,  and  retards  the  emptying  of  ascending  veins, 
so  that  the  pressure  becomes  less  in  the  former  and  greater  in  the  latter.  If  the 
position  of  the  limb  be  changed,  the  conditions  of  pressure  are  also  altered.  If 
a  person  be  suspended  with  the  head  hanging  downwards,  the  face  soon  becomes 
turgid,  the  position  of  the  body  favoring  the  inflow  of  blood  through  the  arte- 
ries and  retarding  the  outflow  through  the  veins.  If  the  hand  hangs  down  it 
contains  more  blood  in  the  veins  than  if  it  is  held  for  a  short  time  over  the 
head,  when  it  becomes  pale  and  bloodless.  [As  Lister  has  shown,  the  condi- 
tion of  the  vessels  in  the  limb  is  influenced  not  only  by  the  position  of  the 
limb,  but  alsQ  by  the  fact  that  a  nervous  mechanism  is  called  into  play.] 

[Ligature  of  the  portal  vein  causes  congestion  of  the  rootlets  and  dilatation  of  all  the  blood- 
vessels in  the  abdomen ;  gradually  nearly  all  the  blood  of  the  animal  accumulates  within  its' 
belly,  so  that,  paradoxical  as  it  may  seem,  an  animal  may  be  bled  into  its  own  belly.  As  a  con- 
sequence of  sudden  and  complete  ligature  of  this  vein,  the  arterial  blood-pressure  gradually  and 
rapidly  falls,  and  the  animal  dies  very  quickly.  If  the  ligature  be  removed  before  the  blood- 
]>ressure  falls  too  much,  the  animal  may  recover.  Schiff  and  Lautenbach  regard  the  symptoms 
as  due  chiefly  to  the  action  of  a  poison,  for  when  the  blood  of  the  portal  vein  in  an  animal  treated 
In  this  way  is  injected  into  a  frog,  it  causes  death  within  a  few  hours,  while  the  ordinary  blood  of 
the  porta]  vein  has  no  effect.] 

[Ligature  of  the  Veins  of  a  Limb. — The  effect  of  ligaturing  or  compressing  a// the  veins 
of  a  limb  is  well  seen  in  cases  where  a  bandage  has  been  applied  too  tightly.  It  leads  to  con 
gestion  and  increase  of  pressure  within  the  veins  and  capillaries,  increased  transudation  of  Huid 
tbiough  the  capillaries,  and  consequent  oedema  of  the  parts  beyond  the  obstruction.  Ligature 
of  one  vein  does  not  always  produce  oedema,  but  if  several  veins  of  a  limb  be  ligatured,  and  the 
vaso-motor  nerves  be  divided  at  the  same  time,  the  rapid  production  of  oedema  is  ensured.  In 
pathological  cases  the  pressure  of  a  tumor  upon  a  large  vein  may  produce  similar  results  (J  203).] 

88.  BLOOD-PRBSSURB  IN  THB  PULMONARY  ARTBRY.— Methods.— (1) 
Direct  estimatioD  of  the  blood-pressure  in  the  pulmonary  artery  by  opening  the  chest  was  made 
by  C.  Ludwig  and  Bentner  (1850).  Artificial  respiration  was  kept  up,  and  the  manometer  was 
placed  in  connection  with  the  left  branch  of  the  pulmonary  artery.  The  circulation  through  the 
left  lung  of  cats  and  rabbits  was  thereby  completely  cut  off.  and  in  dogs  to  a  great  extent  inter- 
mpted.  There  was  an  additional  disturbing  element,  viz.,  the  removal  of  the  elastic  force  of  the 
lungs,  owing  to  the  opening  of  the  chest,  whereby  the  venous  blood  no  longer  flowed  normally 
cnto  the  right  heart,  while  the  heart  itself  was  under  the  full  prchsure  of  the  atmosphere.  The 
estimated  pressure  in  the  dog  =  29.6 ;  in  the  cat  =  17.7 ;  in  the  rabbit  =  12  mm.  Hg.,  1.  e.,  in 
the  dog  3  times,  the  rabbit  4  tlme<«,  and  the  cat  5  times  less  than  the  carotid  pressure. 

(2)  Hering  (1850)  experimented  upon  a  calf  with  ectopia  cordis.  He  introduced  glass  tubes 
directly  into  the  heart,  by  pushing  them  through  the  muscular  walls  of  the  ventricles.  The  blood 
rose  to  the  height  of  21  inches  in  the  right  tube,  and  33.4  inches  in  the  left. 

(3)  (Faivre  (1856)  introduced  a  catheter  through  the  jugular  vein  into  the  right  ventricle,  and 
placed  it  in  connection  with  a  recording  tambour. 

Indirect  measurements  have  been  made  by  comparing  the  relative  thickness  of  the  walls  of 
the  right  and  left  ventricles,  or  the  walls  of  the  pulmonary  artery  and  aorta. 

Beutner  and  Marey  estimated  the  relation  of  the  pulmonary  artery  to  the 
aortic  pressure  as  i  to  3 ;  Goltz  and  Gaule  as  2  to  5  ;  Fick  and  Badoud  found 
a  pressure  of  60  mm.  in  the  pulmonary  artery  of  the  dog,  and  in  the  carotid 
c  1 1  mm.  Hg.  The  blood-pressure  within  the  pulmonary  artery  of  a  child  is  rela- 
tively higher  than  in  the  adult. 

Elastic  Tension  of  Lungs. — The  lungs  within  the  chest  are  kept  in  a 
state  of  distention,  owing  to  the  fact  that  a  negative  pressure  exists  on  their 
outer  pleural  surface.  When  the  glottis  is  open,  the  inner  surface  of  the  lung 
and  the  walls  of  the  capillaries  in  the  pulmonary  air-vesicles  are  exposed  to  the 
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full  pressure  of  the  air.  The  heart  and  large  blood-vessels  within  the  chest 
are  not  exposed  to  the  full  pressure  of  the  atmosphere,  but  only  to  the  pressure 
which  corresponds  to  the  atmospheric  pressure  mifius  the  pressure  exerted  by 
the  elastic  traction  of  the  lungs  (§  60).  The  trunks  of  the  pulmonary  artery 
and  veins  are  subjected  to  the  same  conditions  of  pressure.  The  elastic  traction 
of  the  lungs  is  greater  the  more  they  are  distended.  The  blood  of  the  pulmo- 
nary capillaries  will,  therefore,  tend  to  flow  towards  the  large  blood-vessels. 
As  the  elastic  traction  of  the  lungs  acts  chiefly  on  the  thin-walled  pulmonary 
veins,  while  the  semi-lunar  valves  of  the  pulmonary  artery,  as  well  as  the  systole 
of  the  right  ventricle,  prevent  the  blood  from  flowing  backwards,  it  follows 
that  tke  blood  in  the  capillaries  of  the  lesser  circulation  must  flaw  towards  the 
pulmonary  veins. 

If  tub^  with  thin  walls  be  placed  in  the  walls  of  an  elastic  distensible  bag, 
the  lumen  of  these  tubes  changes  according  to  the  manner  in  which  the  bag 
enclosing  them  is  distended.  If  the  bag  be  directly  inflated  so  as  to  increase 
the  pressure  within  it,  the  lumen  of  the  tubes  is  diminished  {Funke  and  LcU- 
schenberger).  If  the  bag  be  placed  within  a  closed  space,  and  the  tension  within 
this  space  be  diminished  so  that  the  bag  thereby  becomes  distended,  the  tubes 
in  its  wall  dilate.  In  the  latter  case — viz.,  by  negative  aspiration — the  lungs 
are  kept  distended  within  the  thorax,  hence  the  blood-vessels  of  the  lungs  con- 
taining air  are  wider  than  those  of  collapsed  lungs  (^Quincke  and  Ffeiffer,  Bow- 
ditch  and  Garland,  De  Jds;er).  Hence  also  more  blood  flows  through  the 
lungs  distended  within  the  thorax  than  through  collapsed  lungs.  The  dilatcUion 
which  takes  place  during  inspiration  acts  in  a  similar  manner.  The  negative 
pressure  that  obtains  within  the  lungs  during  inspiration  causes  a  considerable 
dilatation  of  the  pulmonary  veins,  into  which  the  blood  of  the  lungs  flows 
readily,  whilst  the  blood  under  high  pressure  in  the  thick-walled  pulmonary 
artery  scarcely  undergoes  any  alteration.  The  velocity  of  the  blood -stream  in 
the  pulmonary  vessels  is  accelerated  during  inspiration  (JDe  Jdger^  Lalesque), 
The  blood-pressure  in  the  pulmonary  circuit  is  raised  when  the  lungs  are  inflated. 
Contractibn  of  small  arteries,  which  causes  an  increase  of  the  blood -pressure  in 
the  systemic  circulation,  also  raises  the  pressure  in  the  pulmonary  circuit,  be- 
cause more  blood  flows  to  the  right  side  of  the  heart. 

The  vessels  of  the  pulmonary  circulation  are  very  distensible  and  their  tonus 
is  slight.  [Occlusion  of  one  branch  of  the  pulmonary  artery  does  not  raise  the 
pressure  within  the  aorta.  Even  when  one  pulmonary  artery  is  plugged  with  an 
embolon  of  paraffin,  the  pressure  within  the  aortic  system  is  not  raised  (JLich- 
theim,)  When  a  large  branch  of  the  pulmonary  artery  becomes  impervious, 
the  obstruction  is  rapidly  compensated  for,  and  this  is  not  due  to  the  action  of 
the  nervous  system.  The  vaso-motor  system  has  much  less  eflect  upon  the  pul- 
monary blood-vessels  than  upon  those  of  the  systemic  circulation.  The  com- 
pensation seems  to  be  due  chiefly  to  the  great  distensibility  and  dilatation  of 
the  pulmonary  vessels  (Lichtheim),']  We  know  little  of  the  effect  of  physio- 
logical conditions  upon  the  pulmonary  artery.  According  to  Lichtheim  sus- 
pension of  the  respiration  causes  an  increase  of  the  pressure.  [In  one  experi- 
ment he  found  that  the  pressure  within  the  pulmonary  artery  was  increased, 
while  it  was  not  increased  in  the  carotid,  and  he  regards  this  experiment  as 
proving  the  existence  of  vaso-motor  nerves  in  the  lung.  While  asphyxia  in- 
creases enormously  the  blood- pressure  in  the  systemic  arteries,  it  has  very  little 
or  no  eflect  on  the  pressure  as  measured  in  the  pulmonary  system,  although  the 
latter  is  provided  with  vaso-motor  nerves  (§  371)0 

During  the  act  of  great  straining  the  blood  at  Brst  flows  rapidly  out  of  the  pulmonary  Teinsy 
and  afterwards  ceases  to  flow,  because  the  inflow  of  blood  into  the  pulmonary  vessels  is  inter- 
fered with.  As  soon  as  the  straining  ceases,  blood  flows  rapidly  into  the  pulmonary  vessels 
{Laiesqug). 
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Severixii  found  that  the  blood-stream  through  the  lungs  is  greater  and  more  rapid  when  the 
Im^  are  filled  wkh  rich  air  in  CO,  than  when  the  air  within  them  is  rich  in  O.  He  supposes- 
ibat  these  giases  act  upon  the  yascolar  ganglia  within  the  lungt  and  thus  affect  the  diameter  of 
thevessds. 

PatbologicaL — Increase  of  the  pressure  within  the  area  of  the  pulmonary  artery  occurs 
frequently  in  roan,  in  certain  cases  of  heart  disease.  In  these  cases  the  second  pulmonary 
sound  is  always  accentuated,  while  the  elcTation  caused  thereby  in  the  cardiogram  is  always- 
more  marked  and  occurs  earlier  ({  52).  Electrical  and  mechanical  stimulation  of  abdominal 
oigans  raiaes  the  blood- pressure  in  the  pulmonary  artery  (Morel). 

[The -action  of  drugs  on  the  pulmonary  circulation  may  be  tested  by  Holmgren's  apparatus 
(i  94)>  which  permits  of  distention  of  the  lung  and  retention  of  the  normal  circulation  in  the 
ROg.  Odd  contracts  the  pulmonary  capillaries  to  one. third  of  their  diameter,  and  anaesthetics 
arrest  the  pulmonary  circulation,  chloroform  being  most  and  ether  least  active,  while  ethidene 
is  intermediiate  in  its  effect.] 

[Influence  of  the  Nervous  System  on  the  Pulmonary  Circula- 
tion.— It  is  much  less^depcndent  on  the  nervous  system  than  the  systemic  cir- 
culation»  but  recent  experiments  have  shown  that  the  pulmonary  vessels  are 
supplied  by  vaso-motor  nerves  through  the  roots  of  the  uppermost  (2-7)  dorsal 
nerves  (§  371).  Very  considerable  variations  of  the  blood-pressure  within  the 
other  parts  of  the  body  may  occur,  while  the  pressure  within  the  right  heart 
and  pulmonary  artery  is  but  slightly  affected  thereby.  The  pressure  is  in- 
creased by  electrical  stimulation  of  the  medulla  oblongata,  and  it  falls  when 
the  medulla  is  destroyed.  Section  and  stimulation  of  the  central  or  peripheral 
ends  of  the  vagi,  stimulation  of  the  splanchnics,  and  of  the  central  end  of  the 
sciatic,  have  but  a  minimal  influence  on  the  pressure  of  the  pulmonary  artery 
{Audert).'] 

[Relation  of  pressure  in  pulmonary  and  systemic  circulations. — 
If  the  blood-pressure  be  measured  simultaneously,  in  a  curarized  dog,  in  the 
carotid,  and  in  a  branch  of  the  pulmonary  artery — the  chest  being  opened  and 
artificial  respiration  being  kept  up — it  is  found  that  the  pulmonary  rirculation 
is  comparatively  independent  of  the  systemic,  and  alterations  in  the  blood-pres- 
sure of  the  latter  must  be  of  large  amount  to  affect  the  pulmonary  blood-pres- 
sure. While  stimulation  of  the  peripheral  end  of  the  splanchnic  nerve  raised 
the  pressure  from  50  mm.  Hg.  in  the  carotid  to  104  mm.,  it  raised  that  in  the 
pulmonary  artery  from  13  to  16  mm.  Hg.  Even  stimulation  of  the  lower  end 
of  the  divided  spinal  cord,  which  raised  the  carotid  pressure  from  52  to  232  mm. 
(/.  ^.,  quadrupled  it)  only  raised  the  pulmonary  artery  blood-pressure  from  20 
to  36  mm.  The  rise  in  the  pulmonary  blood -pressure  is  but  a  small  fraction  of 
the  total  pulmonary  artery  pressure.  The  increased  pressure  in  the  aortic  sys- 
tem must  be  of  considerable  duration  to  effect  the  rise  in  the  pulmonary  vessels.] 

[If  the  anterior  roots  of  the  dorsal  nerves — between  the  second  and  seventh 
dorsal  nerves — be  stimulated,  an  increase  is  obtained  in  the  pulmonary  artery 
blood-pressure.  This  is  due  to  the  vaso-motor  nerves,  or  vaso-constrictor 
nerves  for  the  lungs,  which  leave  the  cord  by  these  channels.  The  vaso-motor 
mechanism  of  the  mammalian  lung  is  but  poorly  developed  as  compared  with 
that  regulating  the  systemic  arteries.  ^  Asphyxia,  of  course,  raises  the  systemic 
pressure  enormously,  but  it  also  raises  that  in  the  pulmonary  artery,  and  the  rise 
lasts  longer  in  the  latter  than  in  the  former.  No  vaso-motor  nerves  are  con- 
veyed by  the  vagi  to  the  lungs  {Bradford  and  Dean).'] 

89.  VELOCITY  OF  THE  B LOOD-STRE AM.— Methods :  (i)  A.  W.  Volk. 
maim's  Haemadromometer  (1850). — A  glass  tube  of  the  shape  of  a  hair-pin,  60-130  cm.  long 
and  2  or  3  mm.  broad,  with  a  scale  attached  to  it,  is  fixed  to  a  metallic  basal  plate  B,  so  that 
each  limb  passes  to  a  three-wayed  stop  cock.  The  basal  plate  is  {serforated  along  its  length,  and 
cairies  at  each  end  short  canniilse,  c,  r,  whidi  are  tied  into  the  ends  of  a  divided  artery.  ^  The 
whole  apparatus  is  first  filled  with  salt  solution.  The  stop-cocks  are  moved  simultaneously,  as 
they  are  attached  to  a  toothed  wheel,  and  have  at  first  the  position  given  in  fig.  125,  I,  so  that 
the  blood  simply  flows  through  the  passage  in  the  basal  piece,  /.  ^.,  directly  from  one  end  of  the 
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■iteiy  10  the  other.  IT  at  >  given  momeni  the  stop-cock  is  turned  in  the  direciion  indicated  in 
%.  115,11,  Ihe  blood  has  (opasa  ihrough  the  glass  tube,  and  the  time  it  lakes  tomake  the  cJrctiit 
is  noted ;  lod  ts  the  length  of  ihe  tube  is  koown,  we  c&n  easily  calculate  the  velodty  of  the 
blood.  The  method  bas  very  obvious  derccts  arising  from  the  Darrowoess  of  Ihe  lube  1  the  io- 
troduclion  of  such  a  lube  ofFere  new  resistaoce,  while  there  are  no  re»- 
pinlory  or  pulse  variations  obsavable  in  the  stream  in  the  glais  lube. 

Volkmann  found  the  velocity  in  the  carotid  (dog)  ^ 
205  to  357  mm.  [lo-ii  inches];  carotid  (horse)  ^  306; 
maxilkry  (horse)  ^232;  metatarsal  ^  56  mm.  per  second. 

(a)  C.  Ludwig  and  Dogiel  (1867)  devised  a  "stro- 
muhr  "  or  rheometer  for  measuring  the  amount  of  blood 
which  passed  through  an  artery  in  a  given  time  (lig.  126). 

It  consists  of  two  glass  bulbs.  A  and  B,  orexactlji  the  same  capacity. 
These  bulbs  communicate  wtlh  each  olhei  above,  their  lower  ends  bang 
6ied  by  means  of  ihe  lubes,  f  and  li,  to  Ihe  metal  disc,  e,  ty  This  disc 
loiales  round  Ibe  axis,  X,  Y,  so  ihai,  after  a  complete  revolulion,  Ihe 
tnbe  c  commDaicates  with  /,  and  li  with  f ;  /  and  f  are  provided  with 
horizontally  placed  cannulce,  A  and  i,  which  are  tied  inlo  Ihe  ends  of 
the  divided  anery.  The  cannula  i  is  tiied  in  ihe  central  end,  and  i  in 
Ihe   peripheral  end  of  the  artery  (;.?.,  carotid) ;   the 

b.  A,  is  filled  with  oil.  and  B  with  deflbrinated 

>od ;    al   a   certain    moment   Ihe   communicalion 

ongh  i  is  opened,  the  blood  flows  in,  driving  Ibe 
before  il.  and  passes  into  B,  while  the  deiibrinated 

od  flows  ihroDgb  i  into  the  peripheral  pan  of  tbe 

cry.      As  soon  as  the   oil  reaches    m — a    moment 

ich  is  iostanlly  noted,  or,  what  Is  better,  inscribed 

>n  a  revolving  cylinder — the  bulbs.  A,  B,  are  rotated 

>n  the  axis  X,  Y,  so  Ihai  B  comes  10  occupy  tbe 

lilion  of  A.     Tbe  »«me  experiment  is  repealed, 

1  can  be  continued  for  a  long  time.     The  quantity 

blood  which  passes  in  the  unit  of  lime  (1  sec.)  is 

culaled  from  ibe  lime  necessary  to  fill  the  bulb 

h  binod.     Imponani  results  are  obtained  by  means 

'Suppose  the  capacity  of  Ihe  bulb  lo  be  5000  cubic 
[limetres,  and  that  it  was  filled  in  10  sees.,  then 
1  cubic  millimeires  are  discharged  in  I  sec.  The 
locity  (V)  :^  quantity  or  volume  of  blood,  (f )  divi- 


1  by  ibe  sectional  area  of  ibe  vesi 


refore  tbe  velocity  V 


_  500  cubic  milliir 


W,.w.,v  =  " 


i  mm.  per  second.    In  this  ca<e  the  diameter  of  the 


i 

Y 

Fig.  iz6 

(|^u  Ludwig   and    Di^iel's 

iSH^  rheometer,  X,V,aii5 

R                   C                        -,                               n  of   rotation;    A,   B, 

°                              -.  glaisbulbsi^,>,can- 

'■'K-  "5-  nulae  inserted  io  the  di- 

Volkmann's  hannadromometer   (B).     I,   blood   flows  from   artery  to  videdartery;  ^,f,,to- 

artery  ;  II,  blood  must  pass  through  the  glass  lube  of  B;  c,c,  can.  tates  on  f,  / ;  c,  J, 

nulx  for  the  divided  artery.  lubes. 

tube  is  taken  as  2  mm.,  so  that  Ihe  sectional  area  of  the  artery  is  equal  103.14  mm.  The 
sectional  area  is  calculated  from  the  diameter  of  the  circubr  lube  by  the  following  fonnula; 
the  sectional  area  1  =  r'  .\d'  when  1/ is  the  diameter  of  the  lube;  or  j^  irr*,  where  ir  ^  3. 1416, 
r  =  radius.     Or  tbe  sectional  area  (j)  is  equal  to  the  if  X  0.7854, 1.  e.,  4  X  0.78;4  ^ss  3.I416.] 
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[As  albumoM  injected  into  the  btood  preveDis  it  Trom  coagulMing  (dog),  this  fact  h 
tatned  to  ■cconat  ia  using  the  iheometcr.] 

(3)  Vierordt's  HKRiatachometei  (1858)  cotuists  of  >  small  metal  box  (fig.  IZ7,  1)  with 
pinllcl  glus  sides.  To  the  narrow  sides  of  the  box  are  fitted  an  inlet  t,  and  an  exit  cannula  a. 
In  its  interior  is  suspended,  a^nst  the  entrance  opening,  a  pendulum,  /,  whose  vibrations  may 
be  read  off  on  ■  curved  scale,  [This  instrument,  as  well  as  Volkmann's  apparatus,  has  only  an 
historical  interest.] 

(4)  Chauveau  and  Lortet'a  Droim^rapfa  (i36o)  is  constructed  on  the  same  principle. 
A  tube.  A,  B  (fig.  117,  II),  of  suS>cient  diameter,  with  a  side  tube  fixed  to  it,  C,  whicb  can  be 
{daced  in  conDcction  vith  a  tnaiiomei<!T,  is  introduced  into  ibe  carotid  artery  of  a  horse.  At  a 
a  small  piece  is  cut  out  and  provided  with  a  covering  of  gutta  percha  which  has  a  small  hole  in 
it ;  through  this  a  light  pendulum,  a,  i,  with  a  long  index,  b,  projects  into  the  lube,  ■'.  t.,  into 
the  biood-cnrrent,  which  c«ue«  the  pendulum  to  vibrate,  and  Vat  extent  of  the  vibrations  e«0 
be  read  off  on  a  scale,  5,  5.  G  is  an  arrangement  to  permit  the  instrument  to  be  held.  Both 
this  and  the  fcnmer  instrument  are  tested  beforehand  with  a  stream  of  water  sent  through  them 
wilb  varying  velodliet. 

The  carve  of  the  velocity  may  be  written  off  on  a  smoked  glass  plate,  moving  parallel  with  the 
index,  b.  The  dromt^rapti  curve.  III,  shows  the  primary  elevaiion  P,  and  the  dicrotic  eleva^ 
ion  R. 


I.  Vierordt's  hzmatachomeler.  A,  glass;  t,  entrance,  a,  exit  cannula;  /,  pendulum.  II. 
Dmoograph.  A,  B,  tube  inserted  in  artery;  C,  lateral  tube  connected  with  a  mano- 
meter; A,  index  moving  in  acaoutdionc  membnuie,a;  G,  handle.  III.  Curve  obtained 
by  drooM^raph. 

<S)  Cybalaki'a  Pbatohsemaucbameter.—WheD  fluid  flows  into  a  tube  (fig.  128,  U,  d,  c\ 
in  (he  direction  of  the  arrow,  the  fluid  Blauds  higher  in  the  manometer,  /,  than  in  m.  The 
tube,  iw,^,  indicues  the  lateral  pressure, but /..i:  gives  this //uj  the  velocity  of  the  fluid  (p.  105). 
Tbe  velocity  of  the  current  may  be  estimated  from  the  difference  in  the  level  in  the  two  tubes. 

Pilot's  lube  as  used  by  Cjibuhki  is  bent  at  a  right  angle  (1,  (,/).  the  end,  c,  being  inserlcd 
and  lied  into  the  central,  and  p  into  the  peripheral,  part  of  a  divided  artery.  As  the  blood  flows 
ifaroogh  the  tube,  the  blood  rises  higher  in  a  than  b. 

To  avoid  having  the  manometcn,  a  and  b,  too  long,  they  are  connected  with  each  other  by  a 
capinary  tube  filled  with  aii  and  provided  above  with  a  stop-cock,  i.  The  blood  is  allowed  to 
rise  to  the  hetgbt  of  1  and  2,  the  stopcock,  i,  is  closed,  and  praclically  an  air-manometer  is 
made,  which  shows  a  marked  difierence  in  the  level  of  the  blood  of  the  two  tubes.  The  level 
of  the  blood  in  I  and  3  is  continually  changed  by  the  movements  of  the  heart  and  those  of 
tufiiiatioo.  and  these  variations  are  phott^raphed  by  means  of  a  camera,  h,  with  a  rapidly 
■Ktving  plate,  IC, 

Fig.  C  shows  a  curve  obtained  from  the  carotid  of  a  tiog.  The  velocity  of 
the  current  at  i,  -  1  =  138  mm.,  in  the  phase  a,  -  a  ^  225  mm.,  and  at  3,  - 
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3^  177  mm.  The  velocity  is  greatest  at  the  end  of  inspiration  and  the  begin- 
ning of  expiration.  Asphyxia  increases  it  at  first.  Paralysis  of  the  sympa- 
thetic increases  it,  while  stimulation  of  this  nerve  diminishes  it.  Section  of  the 
vagi  increases  the  velocity,  while  their  stimulation  of  course  diminishes  it. 

90.  VELOCITY  OF  THE  BLOOD.— (i)  Division  of  VesseU.— 
Arteries. — In  estimating  the  velocity  of  the  blood,  it  is  important  to  remem- 
ber that  the  sectional  area  of  all  the  branches  of  the  aona  becomes  greater  as 
we  proceed  from  the  aorta  towards  the  capillaries,  so  that  the  capillary  area  is 
700  times  greater  than  the  sectional  area  of  the  aort^.  As  the  veins  join  and 
form  larger  trunks,  the  venous  area  gradually  becomes  smaller,  but  the  sectional 
area  of  the  venous  orifices  at  the 
X.  heart  is  greater  than  that  of  the  cor- 

responding arterial  orifices.  [We 
may  represent  the  result  as  two 
cones  placed  base  to  base  (fig.  1 39), 
the  tmes  meeting  in  the  capillary 
area.  The  sectional  area  of  the 
venous  orifice  (V)  is  represented 
lai^er  than  that  of  the  arterial  (A). 
The  increased  sectional  area 
influences  the  velocity  of  the 
blood-current,  while  the  resistance 
affects  the  pressure.] 

(3)  Sectional  Area. — An  equal 
quantiiy  of  blood  must  pass  through 


Fig.  138. 
I.  Scheme  of  the  phMohxmaiachometer ; 

Pitot's  tube. 


Scheme  artbeiectiooal  irei..  A,  arterial, 
and  V,  venoui  orifice.  The  common 
iliaci  are  an  exceptioD ;  the  sum  of 
their  sectional  areu  is  leu  than  Ihat  of 
ihe  aorta ;  the  sections  of  the  four  pul- 
monary veini  are  together  less  than 
that  of  the  pulraooarr  txttrj. 

every  section  of  the  circulatory  system,  through  the  pulmonic  as  well  as  through 
the  systemic  circulation,  so  that  the  same  amount  of  blood  must  pass  through  the 
pulmonary  artery  and  aorta,  notwithstanding  the  very  unequal  blood-pressure 
in  these  two  vessels. 

(3)  Lumen  or  Sectional  Area. — The  velocity  of  the  current,  therefore, 
in  various  sections  of  the  vessels,  must  be  inversely  as  their  sectional  area. 

(4)  Capillaries. — Hence  the  velocity  must  diminish  very  considerably  as 
we  pass  from  the  root  of  the  aorta  and  the  pulmonary  artery  towards  the  capil- 
laries, so  that  the  vctoctty  in  the  capillaries  of  mammals  t=  0.8  millimetre 
per  sec.  ;   frog  =  0.53  ;  man  ^  0.6  to  0.9  mm.  [average  3  inches  per  minute]- 
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According  to  A.  W.  Volkmann,  the  blood  in  mammalian  capillaries  flows  500 
times  slower  thaa  the  blood  in  the  aorta,  so  that  the  total  sectional  area  of  all 
the  capillaries  nmst  be  500  times  greater  than  that  of  the  aorta.  Bonders  found 
the  velocity  of  the  stream  in  the  small  afferent  arteries  to  be  10  times  faster 
than  in  the  capillaries. 

Veins. — ^The  cmrrent  becomes  accelerated  in  the  veins,  but  in  the  larger 
trunks  it  is  0.5  to  0.75  times  less  than  in  the  corresponding  arteries. 

(5)  Mean  Blood-Pressure. — ^The  vdocity  of  the  blood  does  not  depend 
upon  the  mean  blood-pressure,  so  that  it  may  be  the  same  in  congested  and  in 
anxmic  parts. 

(6)  Difference  of  Pressure. — On  the  other  hand,  the  velocity  in  any 

section  of  a  vessel  is  dependent  on  the  difflerence  of  the  pressure  which  exists  at 

the  commencement  and  at  the  end  of  that  particular  section  of  a  blood-vessel ; 

it  depends,  therefore,  on  (i)  the  vis  a  Urgo  (/.  ^.,  the  action  of  the  heart),  and 

(2)  on  the  amount  of  the  resistance  at  the  periphery  (dilatation  or  contraction 

of  the  small  vesseb). 

Correspondiiig  to  the  smaller  diflerence  in  the  arterkd  and  Tenons  pressure  in  the  foetus  ({  85), 
the  vdodtj  of  the  blood  is  less  in  this  case  {Cohnstein  and  ZutUz), 

(7)  Pulsatory  Acceleration. — With  evety  pulse-beai  a  corresponding 
acceleration  of  the  blood-current  (as  well  as  of  the  blood-pressure)  takes  place 
in  the  arteries  (pp.  147,  154).  In  large  vessels  Vierordt  fotmd  the  increase  of 
the  velocity  during  the  systole  to  be  greater  by  ^  to  ^  than  the  velocity 
during  the  diastole.  The  variations  in  the  velocity  caused  by  the  heart-beat 
are  recorded  in  fig.  127,  III,  obtained  by  Chauveau's  dromognqph  from  the 
carotid  of  a  horse.  The  velocity  curve  corresponds  with  a  sphygmogram — P 
represents  the  primary  elevation  and  R  the  dicrotic  wave.  Thb  acceleration, 
as  well  as  the  pulse,  disappears  in  the  capillaries.  A  pulsatory  acceleration, 
more  rapid  during  its  first  phase,  is  observable  in  the  small  arteries,  although 
the  arteries  themselves  are  not  distended  thereby. 

(8)  Respiratory  Effect. — Every  inspiration  retards  the  velocity  in  the 
artmes,  every  to^iraiian  aids  it  somewhat ;  but  the  va;Iue  of-  these  agencies  is 
very  small: 


If  we  compare  what  has  already  been  said  rassrding  the  effiact  of  the  reipiratton  on  the  con- 
traction and  dilatation  of  the  heart  and  on  the  blood-stream  ({  60),  it  is  clear  that  respimtion 
fovon  thn  blood  rtrenm,  and  so  does  attificial  respivation..  When  artificial  respiration  is  inter- 
rapted,  the  blood^stream  becomes  slower  (Dogieiy  If  the  sun)ension  of  respiration  lasts  some- 
what longer,  the  cnrrent  is  again  accelerated  on  account  of  the  dyqxioeic  stimulation  of  the 
Taso-motor  centre  {Jiddenkaki^  (}  37i>  !•)• 

(9)  Modifying  Conditions. — Many  circumstances  affect  the  velocity  of 
the  blood  in  the  veins.  There  are  regular  variations  in  the  large  veins  near 
the  heart  doe  to  the  respiration  and  the  movements  of  the  heart  (§§  50  and  60). 
(2)  Irregular  variations  due  to  pressure y  e.  g.y  from  contracting  muscles 
(§  ^7)>  friction  on  the  skin  in  the  direction  or  against  the  direction  of  the 
venous  cturent ;  Ih^  position  of  a  limb  or  of  the  body.  The  pump-like  action 
of  the  veins  of  the  groin  on  moving  the  leg  has  been  referred  to  (§  87).  When 
the  lower  limb  is  extended  and  rotated  outwards,  the  femoral  vein  in  the  iliac 
fossa  collapses,  owing  to  an  internal  negative  pressure ;  when  the  thigh  is  flexed 
and  raised,  it  fills  under  a  positive  pressure  (^Braune),  A  similar  condition 
obtains  in  walking. 

gz.  CAPACITY  OF  THB  VENTRICLES.--Vierordt  calculated  the  capacity  of  the 
left  Tentride  from  the  velocity  of  the  blood-stream,  and  the  amount  of  blood  discharged  per 
lecood  by  the  right  carotid,  right  subclavian,  the  two  coronary  arteries,  and  the  aorta  below  the' 
origin  of  the  innominate  artery.  He  estimated  that  with  every  s3rstoie  of  the  heart,  172  cubic 
centinietres  (equal  to  180  grams)  of  blood  were  discharged  into  the  aorta ;  this,  therefore,  must 
be  the  capacity  of  the  left  ventricle  (compare  {  83). 
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92.  THE  DURATION  OF  THE  CIRCULATION.— The  time  re- 
quired by  the  blood  to  make  a  complete  circuit  through  the  course  of  the 
circulation  was  first  determined  by  Hering  (1829)  in  the  horse.  He  injected 
a  2  per  cent,  solution  of  potassium  ferrocyanide  into  a  special  vein,  and  ascer- 
tained (by  means  of  ferric  chloride)  when  this  substance  appeared  in  the  blood 
taken  from  the  corresponding  vein  on  the  opposite  side  of  the  body.  The  ferro- 
cyanide may  also  be  injected  into  the  central  or  cardiac  end  of  the  jugular 
vein,  and  the  time  noted  at  which  its  presence. is  detected  in  the  blood  of  the 
peripheral  end  of  the  same  vein.  Vierordt  (1858)  improved  this  method  by 
placing  under  the  corresponding  vein  of  the  opposite  side  a  rotating  disc,  on 
which  was  fixed  a  number  of  cups  at  regular  intervals.  The  first  appearance 
of  the  potassium  ferrocyanide  is  detected  by  adding  ferric  chloride  to  the  serum 
which  separates  from  the  samples  of  blood  after  they  have  stood  for  a  time. 
The  duration  of  the  circulation  is  as  follows : — 

Duck,  10.64  secoods. 

Buzzard,  .      6.73        " 
Fowl,       .      5.17         «* 

Results. — When  these  numbers  are  compared  with  the  frequency  of  the 
normal  pulse-beat  in  the  corresponding  animals,  the  following  deductions  are 
obtained : — 

(i)  The  mean  time  required  for  the  circulation  is  accomplished  during  27 
heart-beats,  /.  e.y  for  man  =  32.2  seconds,  supposing  the  heart  to  beat  72  times 
per  minute. 

(2)  Generally,  the  mean  time  for  the  circulation  in  two  warm-blooded 
animals  is  inversely  as  the  frequency  of  the  pulse-beats. 

Modifying  Conditions. — The  time  is  influenced  by  the  following  fac- 
tors : — 

1.  Long  vascular  channels  {t.g.s  from  the  metatarsal  vein  of  one  foot  to  the  other  Ibot) 
require  a  longer  time  than  short  channels  (as  between  the  jugulars).  The  difference  may  be  equal 
to  10  per  cent,  of  the  time  required  to  complete  the  entire  circuit. 

2.  In  young  animals  (with  shorter  vascular  channels  and  higher  pulse-rate)  the  time  \% 
shorter  than  in  old  animab. 

3.  Rapid  and  energetic  cardiac  contractions  (as  during  muscular  exercise)  diminish  the 
time.  Hence  rapid  and  at  the  same  time  less  energetic  contractions  (as  after  section  of  both 
vagi),  and  slow  but  vigorous  systoles  (e.  g.^  after  slight  sthnulation  of  the  vagus)  have  no  efifect. 

C.  Vierordt  estimated  the  quantity  of  blood  in  a  man  in  the  following  manner :  In  all 
warm-blooded  animals,  27  systoles  correspond  to  the  time  for  completing  the  circulation.  Hence,. 
the  total  mass  of  the  blood  must  be  equal  to  27  times  the  capacity  of  the  ventricle,  i.  ^.,  in  man, 
187.5  grams.  X  27  =  5062.5  grams.  This  is  equal  to  -^  of  the  body-weight  in  a  person  weigh- 
ing 65.8  kilos,  (compare  J  40). 

It  is  not  to  be  forgotten  that  the  salt  used  is  to  some  extent  poisonous,  but  Hermann  uses  the 
corresponding  innocuous  soda  salt  (25  per  cent.). 

Pathological. — The  duration  of  the  circulation  seems  to  be  increased  during  septic  fever 
{E,  Wolff), 

93.  WORK  OF  THE  HEART.— The  left  ventricle  expels  0.188  kilo, 
of  blood  with  each  systole,  and  in  doing  so  it  overcomes  the  pressure  in  the 
aorta,  which  is  equal  to  a  column  of  blood  3.21  metres  in  height.  {[The 
amount  of  blood  expelled  from  each  ventricle  during  the  systole  is  about  188 
grams  (6  oz.).  It  is  forced  out  against  a  pressure  of  250  mm.  Hg.  =  3.21 
metres  of  blood.]  The  work  of  the  heart  at  each  systole  is  0.188  X  3.21  = 
0.604  kilogram-metre.  If  the  number  of  beats  =  75  per  minute,  then  the 
work  of  the  left  ventricle  in  24  hours  =  (0.604  X  75  X  60  X  24)  =  65,230- 
kilogram-metres ;  while  the  **  work**  done  by  the  right  ventricle  is  about  one- 
third  that  of  the  left,  and  therefore  =  21,740  kilogram-metres.  Both  ventricles 
do  work  equal  to  86,970  kilogram-metres.  A  workman  during  eight  hours 
produces  300,000  kilogram-metres,  /.  ^.,  about  four  times  as  much  as  the  heart. 


Sec.  93*]  BLOOD-CURRENT   IN   SMALL   ARTERIES.  1 59 

As  the  whole  of  the  work  of  the  heart  is  consumed  in  overcoming  the  resistance 
within  the  circulation,  or  rather  is  converted  into  heat,  the  body  must  be  partly 
warmed  thereby — (425.5  gram-metres  are  equal  to  i  heat-unit,  /.  e,^  the  force 
required  to  raise  425.5  grams  to  the  height  of  i  metre  may  be  made  to  raise 
the  temperature  of  i  cubic  centimetre  of  water  1°  C).  So  that  204,000  "  heat- 
anits*'  are  obtained  from  the  transformation  of  the  daily  kinetic  energy  of  the 
heart. 

One  gram  of  coal  when  burned  yields  8080  heat-units,  so  that  the  heart  yields^ 
as  much  energy  per  day  for  heating  the  body  as  if  about  25  grams  of  coal  were 
burned  within  it  to  produce  heat. 

94.  BLOOD -CURRENT  IN  THE  SMALLER  VESSELS,— 
Methods. — The  most  important  observations  for  this  purpose  are  made  by 
means  of  the  microscope  on  transparent  parts  of  living  animals.  Malpighi 
was  the  first  to  observe  the  circulation  in  this  way  in  the  lung  of  a  frog  (1661). 

The  following  parts  have  been  employed :  The  tails  of  tadpoles  and  small  fishes ;  the  web,, 
tongue,  mesentery,  and  lungs  of  cnrarized  fix)gs ;  the  wing  of  the  bat ;  the  third  eyelid  of  the 
pigeon  or  fowl ;  the  mesentery ;  the  vessels  of  the  liver  of  frogs  and  newts,  pia  mater  of  rabbits, 
the  skin  on  the  belly  of  the  frog,  the  mucous  membrane  of  the  inner  surface  of  the  human  lip 
{H&ter's  Cheilangioscope,  1879) ;  ^^  conjunctiva  of  the  eyeball  add  cy«Hds.  All  these  may  be 
examioed  by  reflected  light 

[Holmgren's  Method. — In  studying  the  circulation  in  the  frog's  lung,  it  roust  be  inflated. 
A  cannola  with  a  bulge  on  its  free  end  is  placed  in  the  larynx,  while  to  the  other  end  is  fixed  a 
piece  of  caoutchouc  tubing.  The  lung  is  inflated  and  then  the  caoutchouc  tube  b  closed,, 
after  which  the  lung  b  placed  in  a  chamber  with  glass  above  and  below,  and  examined  micro- 
scopically.] 

[Entopticjd  appearances  of  the  circulation  {^Purkinje^  i^'S)*  Under  certain  conditions  a 
penoD  may  detect  the  movement  of  the  blood-corpuscles  within  the  blood-vessels  of  his  own* 
eye.  The  best  method  b  that  of  Rood,  viz.,  to  look  at  the  sky  through  a  dark  blue  glass,  or 
through  several  pieces  of  cobalt  glass  placed  over  each  other  (Helmholtt).'] 

Form  and  Aniangement  of  Capillaries. — Regarding  the  form  and  arrangement  of  the 
capiUaries,  we  find  that — 

1.  The  diameter  which,  in  the  finest,  permits  only  the  passage  of  single  corpuscles  in  a  row — 
one  behind  the  other — may  vary  from  5  ^  to  20  /<,  so  that  two  or  more  corpuscles  may  move 
abreast  when  the  capillary  is  at  its  widest.  [The  capillaries  are  relatively  wide  in  the  lungs,, 
and  narrow  in  the  brain,  retina,  and  liver.] 

2.  The  leng^  b  about  0.5  mm.    They  terminate  in  small  veins. 

3.  The  numberjs  very  variable,  and  the  capillaries  are  most  numerous  in  those  tissues  where 
the  metabolism  b  most  active,  as  in  the  lungs,  liver,  muscles — less  numerous  where  the  meta- 
bolism b  slight,  as  in  the  sclerotic  and  in  the  nerve-tmnks.  [Many  tissoes  are  devoid  of  blood- 
vessels, e.g.,  the  cornea,  nails,  hairs.] 

4.  They  form  numerous  anastomoses,  and  give  rise  to  networks,  whose  form  and  arrange- 
ment are  laigely  determined  by  the  arrangement  of  the  tissue  elements  themselves.  They  form. 
iimpU  loops  in  the  skin,  and  pol3rgonal  networks  in  the  serous  membranes,  and  on  the  surface 
of  many  gland  tubes ;  they  occur  in  the  form  of  elongated  networks,  with  short  connecting 
bnmches  in  muscle  and  nerve,  as  well  as  between  the  straight  tubules  of  the  kidney ;  they  con- 
verge radially  toward  a  central  point  in  the  lobules  of  the  liver,  and  form  arches  in  the  free 
margins  of  the  iris,  and  on  the  limit  of  the  sclerotic  and  cornea. 

[Direct  Terminations  of  Arteries  in  Veins. — Arteries  sometimes  terminate  directly  in 
veins  without  the  intervention  of  capillaries,  e.g.,  in  the  ear  of  the  rabbit,  in  the  terminal 
phalanges  of  the  fingers  and  toes  in  man  and  some  animals,  in  the  cavernous  tissue  of  the  penis. 
They  may  be  regarded  as  secondary  channels  which  protect  the  circulation  of  adjacent  parts, 
and  they  may  also  be  related  to  the  heat-regulating  mechanbms  of  peripheral  parts  (//oyeryi 

In  connection  vrith  the  termination  of  arteries  in  capillaries,  it  is  important  to  ascertain  if  the 
anerioles  are  terminal  arteries,  i .  ^.,  if  they  do  not  form  any  further  anastomoses  with  other 
sunilar  arterioles,  but  terminate  directly  in  capillaries,  and  thus  only  communicate  by  capillaries 
with  neighboring  arterioles — or  the  arteries  may  anastomose  with  other  arteries  just  before  they 
^eak  up  into  capillaries.  Thb  dbtinction  is  important  in  connection  with  the  nutrition  of  parts 
^applied  by  such  surteries  {^Cohnheim). 

Capillary  Circulation. — On  observing  the  capillary  circulation,  we  notice 
that  the  red  corpuscles  move  only  in  the  axis  of  the  current  (axial  current),. 


l6o  THE  CAPILLARY  CIRCULATION.  [SCC.  94. 

while  the  lateral  transparent  plasma^current  flowing  on  each  side  of  this  central 
thread  is  free  from  these  corpuscles.  [The  axial  -current  is  the  more  rapid.] 
This  plasma  layer  or  '*  Poiseuille's  space"  is  seen  in  the  smallest  arteries 
and  veins,  where  f  are  taken  up  with  the  axial  current,  and  the  plasma  layer 
occupies  ^  on  each  side  of  it  (fig.  130).  A  great  many,  but  not  all,  of  the 
colorless  corpuscles  move  in  this  layer.  It  is  much  less  distinct  m  the  capilla* 
ries.  Rud.  Wagner  stated  that  it  is  absent  in  the  finest  vessels  of  the  lung  and 
gills  [although  Gunning  y^is  unable  to  confirm  this  statement].  The  colored 
corpuscles  move  in  the  smallest  capillaries  in  stng^/^  file  ofle  after  the  other;  in 
the  larger  vessels,  several  corpuscles  may  move  abreast,  with  a  gliding  motion, 
and  in  their  course  they  may  turn  over  and  even  be  twisted  if  any  obstruc- 
tion is  offered  to  the  blood-stream.  As  a  general  rule,  in  these  vessels  the 
movement  is  uniform,  but  at  a  sharp  bend  of  the  vessel  it  may  partly  be  retarded 
and  partly  accelerated.  Where  a  vessel  divides,  not  unfrequently  a  corpuscle 
remains  upon  the  projecting  angle  of  the  division,  and  is  doubled  over  it  so 
that  its  ends  project  into  the  two  branches  of  the  tube.  There  it  may  remain 
for  a  time,  until  it  is  dislodged,  when  it  soon  regains  its  original  form  on  account 
of  its  elasticity.  Not  unfrequently  we  see  a  red  corpuscle  becoming  bent 
where  two  vessels  meet,  but  on  all  occasions  it  rapidly  regains  its  original  form. 
This  is  a  good  proof  of  the  elasticity  of  the  colored  corpuscles.  The  motion  of 
the  colorless  corpuscles  is  quite  different  in  character ;  they  roll  directly 
on  the  vascular  wall,  moistened  on  their  peripheral  zone  by  the  plasma  in 
Poiseuille's  space,  their  other  surface  being  in  contact  with  the  thread  of  col- 
ored corpuscles  in  the  centre  of  the  stream.  Schklarewsky  (1868^  has  shown 
by  physical  experiments  that  the  particles  of  least  specific  ^^avity  in  all  capilla- 
ries (€.  g. ,  of  glass)  are  pressed  toward  the  wall,  while  those  of  greater  specific 
gravity  remain  in  the  middle  of  the  stream.  [Graphite  and  particles  of  car- 
mine were  susp^ided  in  water,  and  caused  to  arculate  through  capillary  tubes 
placed  under  a  microscope,  when  the  graphite  kept  the  centre  of  the  stream, 
and  the  carmine  moved  in  the  layer  next  the  wall  of  the  tube.] 

When  the  colorless  corpuscles  reach-  the  wall  of  the  vessel,  they  must  roll 
along,  partly  on  account  of  their  surface  being  sticky,  whereby  they  readily 
adhere  to  the  vessel,  and  partly  because  one  surface  is  directed  towards  the  axis 
of  the  vessel  where  the  movement  is  most  rapid,  and  where  they  receive  im- 
pulses directly  from  the  rapidly  moving  colored  blood-corpuscles  {DotuUrs). 
The  rolling  motion  is  not  always  uniform ;  not  imfrequently  it  is  retrograde  in 
direction,  which  seems  to  be  due  to  an  irregular  adherence  to  the  vascular  wall. 
The  slower  movement  (10  to  12  times  slower  than  the  red  corpuscles)  is  partly 
due  to  their  stickiness,  and  partly  to  the  fact  that,  as  they  are  placed  near  the 
wall,  a  large  part  of  their  surface  lies  in  the  peripheral  threads  of  the  fluid,  which 
of  course  move  more  slowly  (in  fact,  the  layer  of  fluid  next  the  wall  is  passive 
— p.  106). 

[D.  J.  HamiltOD  finds  that  when  a  frog's  web  is  examined  in  a  vertical  position,  by  far  the 
greater  proportion  of  leucocytes  float  on  the  upper  surface,  and  only  a  few  on  the  lower  surface, 
of  a  small  blood-vessel.  In  experiments  to  determine  why  the  colored  corpuscles  float  or  glide 
exclusively  in  the  axial  stream,  while  a  great  many,  but  not  all,  of  the  leucocytes  roll  in  the 
peripheral  layers,  Hamilton  ascertained  Uiat  the  nearer  the  suspended  body  approaches  to  the 
specific  gravity  of  the  liquid  in  which  it  is  immersed,  the  more  it  tends  to  occupy  the  centre  of 
the  stream.  He  is  of  opinion  that  the  phenomenon  of  the  separation  of  the  blood-corpuscles  in 
the  circulating  fluid  isjdue  to  the  colorless  corpuscles  being  specifically  lighter,  and  the  colored 
either  of  the  same  or  of  very  slightly  greater  specific  gravity  than  the  blood-plasma.  Hamilton 
controverts  the  statement  of  Schklarewsky,  and  he  finds  that  it  is  the  relative  specific  gravity 
of  a  body  which  ultimately  determines  its  position  in  a  tube.  These  experiments  point  to  the 
immense  importance  of  a  due  relation  subsisting  between  the  specific  gravity  of  the  blood-plmsma 
and  that  of  the  corpuscles.] 

In  the  vessels  first  formed  in  the  incubated  egg,  as  well  as  in  young  tadpoles,  the  movement 
of  the  blood  from  the  heart  occurs  in  jerks  (Spallanzani^  1768). 


Sec.  94.]  DIAPEDESIS.  l6l 

Tbe  velocity  of  the  blood-stream  is  influenced  by  the  diameter  of  the  v«sseh, 
which  nndei^o  periodic  changes  of  calibre.  This  change  occurs  not  only  in 
vessels  provided  with  niascular  fibres,  but  also  in  the  capillaries,  which  vary 
in  diameter,  owing  to  the  contraction  of  the  cells  composing  their  walls 

Cp-  >i3}- 

The  amount  of  water  in  the  blood  is  of  importance ;  when  it  is  increased,  the 
circulation  is  facilitated  and  accelerated  (§  63). 

The  velocity  of  the  blood  is  greater  in  the  pulinonary  than  in  the  systemic 
capillaries ;  so  that  the  total  sectional  area  of  the  pulmonary  capillaries  is  less 
than  that  of  all  the  systemic  capillaries. 

gj.  DIAPEDESIS. — ir  (h«  circuUtion  be  Mudied  in  the  vetwU  of  the  metcntery,  we  may 
dwcrre  colorlees  corpuaclea  puung  oul  of  the  vessels  b  greater  or  leu  numbeis  (fig,  130). 
Mere  conlBCt  with  the  air  snfhcei  to  excite  Blight  iDflammRtioa.  At  lirst  ihe  cotorlesi  cor- 
poiclei  in  the  pUsma-space  move  more  ilowly;  ktctrI  accumulate  near  each  other,  and  adhere 
to  the  walls; — soon  they  bore  into  the  wall,  ullimilely  they  p«*»  quite  through  it,  and  may 
wuider  for  ■  distance  into  the  periTOScular  liiauei.  It  is  doubtful  whether  they  pass  rbraugh 
the  Mxalled  "  atomata  "  which  exist  between  the  endothelial  cells,  or  whether  they  simply  pass 
tbrtingb  tbe  cement  substance  between  the  endothelial  cells  (p.  110),  This  process  is  called 
diapcdeaia,  and  consists  of  several  acts : — (a)  The  adhesion  of  colorless  corpuscles  to  tbe  inner 
Sluice  of  the  vessel  (after  moring  more  slowly  along  the  wall  up  to  this  psint).  (^)  They  send 
pitKesses  into  and  through  the  vascular  wall,  (c)  The  body  of  the  cell  is  drawn  after  or  follows 
ihe  processes,  whereby  the  corpuscle  appears  constricted  in  the  ceolre  (fig.  130,  r).  (d\  Tlie 
conqilele  passage  of  the  corpuscle  through  the  wall,  and  its  faither  motion  in  vinue  of  its  ou  n 
soiceboid  movements.  Hering  observed  that  in  lai^e  vessels  with  perivascular  lymph-spaces,  the 
ccqwsdes  passed  into  the  spaces,  hence  cells  are  found  in  Ifmph  be'ore  it  has  passed  through 
Ijmphalie  glands.     The  cauae  of  the  diapedesis  is  partly  due  to  the  independent  locomi 


the  corpuscles,  and  it  is  partly  a  physical  act,  viz.,  a  filtration  of  the  colloid  mass  of  the  c 
'      ■'      '  '  ■'      blood-pressure  (/fm«f)— in  the  latter  resp<  ■   '  ■'  ...     ■   - 

(he  piss^e  of  the  colored  corpuscles  through  the  vascular  wall,  as  a  normal  process. 


e  force  of  the  blood-pressure  (Heriitg) — in  the  latter  respect  depending  upon  the  iti 
ir-prevure  and  the  Telodty  of  the  blood  stream.     Hering  regards  ibis  process,  and  c 


corpuscles  pass  out  of  the  vessels  when  the  venous  outflow  is  obstructed,  which  also  causes  the 
trutsodalion  of  plasma  through  tbe  vascular  wall.     The  plasma  Carries  the  colored  corpuscles 
along  with  it,  and  al  the  moment  of  their  passage  through  the  wall  they  assume  extraordinary 
shapes,  owing  to  the  tension  put  upon  them,  regaining  their  shape  as  soon  as  they  pass  oul 
[fiAtdteim).    Thisremarkable  phenomenon  wasdesdibed  by  Waller  in  1846.    It  wasredescribed 
by  Cohnbeim,  and  according  to  him  Ihe  out-Waoderiog  is  a  sign  of  inflammation,  and  the 
co1orle«  corpuscles  which  accumulate  in  the  tissues  are  to  be  r^arded  as  true  pus-coipuacles, 
which  may  undergo  further  increase  by  division. 
Inflammation  and  Stasia. — Whenastrong 
ititnulut  acts  00  a  Tsscular  put,  hypenemic 
redness  and  swelling  occur.    Microscopic  ob- 
lerralioa  shows  that  the  cajHllaries  and  Ihe  small 
vessels  are  dilated  and  BvrrfilitdvMh  blood  cor- 
pucles;  in  some  cases,  a  temporary  narrowing 
precedes  the  dilatation  \  simultaneously  tbe  ve- 
locity of  the  stream  changes,  rarely  there  is  a 
temporary  acceleration,  mart  freqtimlly  it  ht- 
tamts  tlffwer.      If  the  action  of  the  stimulus 
or  irrilant   be   continued,  tbe  retardation   be- 
comes considerable,  the  stream  moves  in  jerks,    ' 
then  follows    a   to-and-fro    movement   of 
theblood-column— a  sign  that  stagnation  has 
taken  place  in  other  vascular  ai«as.      At  last  the 

blood-stream  comes  completely  to  a  standstill^  Fig.  130. 

ataaiB  —  and  the  blood-vessels  are  plugged  Small  vessel  of  a  frog's  mesentery  showing 
with  blood- corpuscles.  Numerous  colorles*  diapedesis.  w.  w,  vascuhu'  wslls ;  a,  a, 
blood  corpuscles  are  found  in  the  stationary  Poiseuille's  space ;  r,  r,  red  corpuscles ;  /,  /, 
blood.  Whilst  these  various  processes  are  colorless  corpuscles  adhering  to  the  wall,  and 
taking  place,  tbe  colorless  corpuscles — more  c,c,\n  various  sl^es  of  extrusion  ; /^  _^  ei- 
rarely  the  red — pass  out  of  tbe  vessels.  Under  truded  corpuscles, 
bvorable  circumstances  the   stasis  may   dis- 

^ipear-    The  awelling  which  occurs  in  the  neighborhood  of  inflamed  parts  is  chiefly  due  to  the 
eiudation  of  plasma  into  the  surrounding  tissues. 
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96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS.— In  the 

smallest  veins  coming  from  the  capillaries  the  blood-stream  is  more  rapid  than 
in  the  capillaries  themselves,  but  less  so  than  in  the  corresponding  arteries. 
The  stream  is  uniform,  and  if  no  other  conditions  interfered  with  it,  the  venous 
stream  towards  the  heart  ought  to  be  imiform,  but  many  circumstances  affect 
the  stream  in  different  parts  of  its  course.  Amongst  these  are: — (i)  The  rela- 
tive iaxness,  great  disiensibiiity,  and  the  ready  compressibility  of  the  walls,  even 
of  the  thickest  veins.  (2)  The  incomplete  filling  of  the  veins,  which  does  not 
amount  to  any  considerable  distention  of  their  walls.  (3)  The  numerous  and 
free  anastomoses  between  adjoining  veins,  not  only  between  veins  lying  in  the 
same  plane,  but  also  between  superficial  and  deep  veins.  Hence,  if  the  course 
of  the  blood  be  obstructed  in  one  direction,  it  readily  finds  another  outlet 
(4)  The  presence  of  numerous  valves  which  permit  the  blood-stream  to  move 
only  in  a  centripetal  direction.  They  are  absent  from  the  smallest  veins,  and 
are  most  numerous  in  those  of  middle  size. 

Position  of  Valves. — The  venous  valves  always  have  two  pouches,  and  are  placed  at  definite 
intervals,  which  correspond  to  the  I,  2,  3,  or  n^  power  of  a  certain  <*  fundamental  distance,** 
which  is^  7  mm.  for  the  lower  extremity  and  5.5  mm.  for  the  upper.  Many  of  the  original 
valves  disappear.  On  the  proximal  side  of  every  valve  a  lateral  branch  opens  into  the  vein, 
while  on  the  distal  side  of  each  branch  lies  a  valve.  The  same  is  true  for  the  lymphatics 
{K,  BardeUben), 

Effect  of  Pressure. — As  soon  as  pressure  is  applied  to  the  veins,  the  next 
lowest  valves  close,  and  those  immediately  above  the  seat  of  pressure  open  and 
allow  the  blood  to  move  freely  toward  the  heart.  The  pressure  may  be  exerted 
from  without^  as  by  anything  placed  against  the  body  ;  the  thickened  contrcuted 
muscles,  especially  the  muscles  of  the  limbs,  compress  the  veins.  That  the 
blood  flows  out  of  a  divided  vein  more  rapidly  when  the  muscles  contract  is 
shown  during  venesection.  If  the  muscles  are  kept  contracted,  the  venous  blood 
passing  out  of  the  muscles  collects  in  the  passive  parts,  e.  ^.,  in  the  cutaneous 
veins.  The  pulsatile  pressure  of  the  arteries  accompanying  the  veins  favors  the 
venous  current.  From  a  hydrostatic  point  of  view  the  valves  are  of  consid- 
erable importance,  as  they  serve  to  divide  the  column  of  blood  into  segments 
(<?.  ^.,  in  the  crural  vein  in  the  erect  attitude),  so  that  the  fine  blood-vessels  in 
the  foot  are  not  subjected  to  the  whole  amount  of  the  hydrostatic  pressure  in 
the  veins. 

The  velocity  of  the  venous  blood  has  been  measured  directly  (with  the  h!emadrom<nneter  and 
the  rheometer — {  89).  Volkmann  found  it  to  be  225  mm.  per  sec.  in  the  jugular  vein.  Reil 
observed  that  2^  times  more  blood  flowed  from  an  arterial  onflce  than  from  a  venous  orifice  of 
the  same  size.  The  velocity  of  the  venous  current  obviously  depends  upon  the  sectional  area  of 
the  vessel.  Borelli  estimated  the  capacity  of  the  venous  system  to  be  4  times  greater  than  that 
of  the  arterial ;  while,  according  to  Haller,  the  ratio  is  9  to  4. 

Large  Veins. — As  we  proceed  from  the  small  veins  towards  the  vense  cavae, 
the  sectional  area  of  the  veins,  taken  as  a  whole,  becomes  less,  so  that  the 
velocity  of  the  current  increases  in  the  same  ratio.  The  velocity  of  the  current 
in  the  venae  cavae  may  be  about  half  of  that  in  the  aorta  {Haller),  As  the 
pulmonary  veins  are  narrower  than  the  pulmonary  artery,  the  blood  moves 
more  rapidly  in  the  former. 

97.  SOUNDS  WITHIN  ARTERIES.— The  sounds  produced  within  arteries  are,  ^leak- 
ing from  a  physical  point  of  view,  only  noises  or  bruits.  Still,  following  Skoda*8  lead,  they  are 
spoken  of  by  physicians  as  *<  tones."  Clinically,  there  is  no  sharp  distinction  between  "  tones," 
sounds,  noises,  or  bruits.  In  four-fifths  of  all  healthy  men  two  sounds — corresponding  in  dura- 
tion and  other  characters  to  the  two  heart-sounds — are  heard  in  the  carotid  ( Comrade  IVeil). 
Sometimes  only  the  second  heart-sound  is  distinguishable,  as  its  place  of  origin  is  near  to  the 
carotid.  They  are  not  true  arterial  sounds,  but  are  simply  *<  propagated  heart -sounds." 
Sometimes  the  sound  of  the  pulmonary  artery  can  be  heard  in  this  way  ( IVrily  Bettelhtim). 


Sec.  97.]  SOUNDS   PRODUCED  WITHIN   BLOOD-VESSELS.  1 63 

Theie  murmurs,  sounds,  or  bruits  occur  either  spontaneously^  or  are  produced  by  the  application 
of  external  pressure^  whereby  the  lumen  of  the  vessel  is  diminished.  Hence  one  distinguishes  : 
(i)  Spontaneous  Murmurs,  and  (2)  Pressure  Murmurs. 

Arterial  Sounds  or  murmurs  are  readily  produced  by  pressing  upon  a 
strong  artery,  e.g.^  the  crural  in  the  inguinal  region,  so  as  to  leave  only  a  nar- 
row passage  for  the  blood  ("  stenosal  ipurmur  ").  A  fine  blood-stream 
passes  with  great  rapidity  and  force  through  this  narrow  part  into  a  wider 
portion  of  the  artery  lying  behind  the  point  of  compression.  Thus  arises  the 
**  pressure-stream  "  (A  Niemeyer)^  or  the  **  fluid  vein  "  ("  veine  fluide  "  of 
Cbauveau).  The  particles  of  the  fluid  are  thrown  into  rapid  oscillation^  and 
undergo  tibratory  movements,  and  by  their  movements  produce  the  sound 
within  the  peripheral  dilated  portion  of  the  tube.  A  sound  is  produced  in  the 
fluid  by  pressure  {Corrigaii),  The  sounds  are  not  caused  by  vibrations  of  the 
vascular  wall,  as  supposed  by  Bouillaud. 

A  murmur  of  this  sort  is  the  **  sub-clavicular  murmur  "  {Roser)^  occasionally  heard  during 
systole  in  the  subclarian  artery;  it  occurs  when  the  two  layers  of  the  pleura  adhere  to  the  apex 
of  the  lung  (especially  in  tubercular  diseases  of  the  lungs),  whereby  the  subclavian  artery 
undergoes  a  local  constriction  due  to  its  being  made  tense  and  slightly  curved  {^Friedreich). 
This  result  is  indicated  in  a  diminution  or  absence  of  the  pulse- wave  in  the  radial  artery  (  Weil), 

It  is  obvious  that  arterial  murmurs  will  occur  in  the  human  body :  {a)  When,  owing  to 
pathological  conditions,  the  arterial  tube  is  dilated  at  one  part^  into  which  the  blood-current  is 
forcibly  poured  from  the  normal  narrow  tube.  Dilatations  of  this  sort  are  called  aneurisms, 
in  which  murmurs  are  generally  audible.  {b\  When  pressure  is  exerted  upon  an  artery y  e. g.^ 
bj  the  pressure  of  the  greatly  enlarged  artenes  during  pregnancy,  or  by  a  large  tumor  pressing 
upon  a  large  artery. 

Spontaneous  Murmurs. — In  cases  where  no  source  of  external  pressure  is  discoverable,  and 
when  no  aneurism  is  present,  the  spontaneously  occurring  sounds  are  favored,  when  at  the 
moinent  of  arterial  rest  (cardiac  systole)  the  arterial  walls  are  distended  to  the  slightest  extent, 
and  when  during  the  movement  of  the  pulse  (cardiac  diastole)  the  tension  is  most  rapid  (  Traude, 
Weil),  f.  e.,  when  the  low  systolic  minimum  tension  of  the  arterial  wall  passes  rapidly  into  the 
high  maximum  tension.  This  is  especially  the  case  in  insufficiency  of  the  aortic  valves,  in 
which  case  the  sounds  in  the  arteries  are  audible  over  a  wide  area.  If  the  minimum  tension  of 
the  arterial  wall  is  relatively  great,  even  during  diastole,  the  sounds  in  the  arteries  are  greatly 
diminished. 

Arterial  murmurs  are  favored  by — (i)  Sufficient  delicacy  and  elasticity  of 
the  arterial  walls.  (2)  Diminished  peripheral  resistance,  ^»g-y  an  easy  outflow 
of  the  fluid  at  the  end  of  the  stream.  (3)  Accelerated  current  in  the  vascular 
system  generally.  (4)  A  considerable  difference  of  the  pressure  in  the  narrow 
and  wide  portions  of  the  tube.     (5)  Large  calibre  of  the  arteries. 

Is  normal  pulsating  arteries,  sounds  may  be  heard  especially  at  an  acute  bend  of  the  artery. 
Mormun  of  thb  sort  are  loudest  where  several  large  arteries  lie  together;  hence,  during 
pregnancy,  we  hear  the  uterine  murmur ,  or  placental  bruit,  or  soujfle  in  the  greatly  dilated 
uterine  arteries.  It  is  much  less  distinct  in  the  umbilical  arteries  of  the  cord  (umbilical 
monnurs).  Similar  sounds  are  heard  through  the  thin  walls  of  the  head  of  infants,  and  a 
murmur  is  sometimes  heard  in  the  enlaiged  spleen  in  ague  (Maissuriamj, 

Auscultation  of  the  Normal  Pulse. — On  auscultating  the  radial  artery  under  favorable 
circumstances,  and  especially  in  old  thin  persons  with  wide  arteries  and  dicrotic  pulse,  one  may 
hear  two  sounds  corresponding  to  the  primary  and  dicrotic  waves. 

In  insufficiency  of  the  aortic  valves,  characteristic  sounds  may  be  heard  in  the  crural 
aitery.  If  pressure  be  exerted  upon  the  artery,  a  double  blowing  murmur  is  heard ;  the  first  one 
is  due  to  a  large  mass  of  blood  being  propelled  into  the  artery  synchronously  with  the  heart-beat, 
the  second  to  the  fact  that  a  large  quantity  of  blood  flows  back  into  the  heart  during  diastole.  If 
no  pressure  be  exercised  two  sounds  are  heard,  and  these  seem  to  be  due  to  a  wave  propagated 
into  the  arteries  by  the  auricles  and  ventricles  respectively — compare  J  73,  fig.  95,  III.  In 
atheroma  a  double  sound  may  sometimes  be  heard  (J  73,  2). 

98.  VENOUS  MURMURS.— I.  Bruit  dc  Diable.— This  sound  is 
heard  above  the  clavicles  in  the  furrow  between  the  two  heads  of  the  sterno- 
mastoid,  most  frequently  on  the  right  side,  and  in  40  per  cent,  of  all  persons 
examined.     It  is  either  a  continuous  or  a  rhythroical  murmur,  occurring  during 
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the  diastole  of  the  heart  or  during  inspiration  ;  it  has  a  whistling  or  rushing 
character,  or  even  a  musical  quality,  and  arises  within  the  bulb  of  the  common 
jugular  vein.  When  this  sound  is  heard  without  pressure  being  exerted  by  the 
stethoscope,  it  is  a  pathological  phenomenon.  If,  however,  pressure  be  exerted, 
and  if,  at  the  same  time,  the  person  examined  turn  his  head  to  the  opposite 
side,  a  similar  sound  is  heard  in  nearly  all  cases.  The  pathological  bruit  dt 
diable  occurs  especially  in  anaemic  persons,  in  lead-poisoning,  in  syphilitic  and 
scrofulous  persons,  sometimes  in  young  persons,  and  less  frequently  in  elderly 
people.     Sometimes  a  thrill  of  the  vascular  wall  may  be  felt. 

Causes. — It  is  due  to  the  vibration  of  the  blood  flowing  in  from  the  rela- 
tively narrow  part  of  the  common  jugular  vein  into  the  wide  bulbous  portion  of 
the  vessel,  and  seems  to  occur  chiefly  when  the  walls  of  a  thin  part  of  the  vein 
lie  close  to  each  other,  so  that  the  current  must  purl  through  it.  It  is  clear  that 
pressure  from  without,  or  lateral  pressure,  as  by  turning  the  head  to  the  opposite 
side,  must  favor  its  occurrence.  Its  intensity  will  be  increased  when  the  velocity 
of  the  stream  is  increased,  hence  inspiration  and  the  diastolic  action  of  the  heart 
(both  of  which  assist  the  venous  current^  increase  it.  The  erect  attitude  acts 
in  a  similar  manner.  A  similar  bruit  is  sometimes,  though  rarely,  heard  in  the 
subclavian, axillary,  thyroid, facial,innominate  and  crural  veins,  and  superior  cava. 

II.  Regurgitant  Murmurs. — On  making  a  sudden  effort,  a  murmur  may  be  heard  in  the 
crural  vein  during  expiration,  which  is  caused  by  a  centrifugal  current  of  blood,  owing  to  the 
incompetence  or  absence  of  the  valves  in  this  region.  If  the  valves  at  the  jugular  bulb  are  not 
tight,  there  may  be  a  bruit  with  expiration  {expiratory  jugular  vein  bruit — Hamemjk)^  or 
during  the  cardiac  systole  {systolic  jugular  vein  bruit — v.  Bamberger). 

III.  Valvular  Sounds  in  Veins. — When  the  tricuspid  valve  is  incompetent  during  the  ven- 
tricular systole,  a  large  volume  of  blood  is  propelled  backwards  into  the  venae  cavse.  The 
venous  valves  are  closed  suddenly  thereby  and  a  sound  produced.  This  occurs  at  the  bulb  or 
dilatation  on  the  jugular  vein  {v.  Bamberger)^  and  in  the  crural  vein  at  the  groin  ( A^.  Friedreich^ 
i.  e,t  only  as  long  as  the  valves  are  competent.  Forced  expiration  may  cause  a  valvular  sound 
in  the  crural  vein.     No  sound  is  heard  in  the  veins  under  perfectly  normal  circumstances. 

99.  THE  VENOUS  PULSE—PHLEBOGRAM.—Methods.— A  tracing  of  the  move- 
ments  of  a  vein,  taken  with  a  lightly  weighted  sphygmograph,  has  a  characteristic  form,  and  is 
called  a  phlebogram  (fig.  131).  In  order  to  interpret  the  various  events  of  the  phlebogram  it 
is  most  important  to  record  simultaneously  the  events  that  take  place  in  the  heart  The  auricular 
contraction  (compare  fig.  47)  is  synchronous  with  ab;  b  e^  with  the  ventricular  systole,  during 
which  time  the  first  sound  occurs,  whilst  ab  \a  k  presystolic  movement.  The  carotid  pulse 
coincides  nearly  with  the  apex  of  the  cardiogram,  t.  ^.,  almost  simultaneously  with  the  descending 
limb  of  the  phlebogram  (Riegel ). 

Occasionally  in  healthy  individuals  a  pulsatile  movement,  synchronous  with 
the  action  of  the  heart,  may  be  observed  in  the  common  jugular  vein.  It  is  either 
confined  to  the  lower  part  of  the  vein,  the  so-called  bulb,  or  extends  farther  up 
along  the  trunk  of  the  vein.  In  the  latter  case,  the  valves  above  the  bulb  are 
insufficient,  which  is  by  no  means  rare,  even  in  health.  The  wave-motion 
passes  from  below  upwards,  and  is  most  obvious  when  the  person  is  in  the 
passive  horizontal  position,  and  it  is  more  frequent  on  the  right  side,  because 
the  right  vein  lies  nearer  the  heart  than  the  left.  It  is  propagated  more  slowly 
than  the  arterial  pulse-wave.  The  venous  pulse  resembles  very  closely  the 
tracing  of  the  cardiac  impulse.     Compare  fig.  131,  i,  with  fig.  47. 

It  is  obvious  that,  as  the  jugular  vein  is  in  direct  communication  with  the 
right  auricle,  and  as  the  pressure  within  it  is  low,  the  systole  of  the  right  auricle 
must  cause  a  positive  wave  to  be  propagated  towards  the  peripheral  end  of  the 
jugular  vein.  Fig.  i3i>  9  and  10,  are  venous  pulse-tracings  of  a  healthy  person 
with  insufficiency  of  the  valves  of  the  jugular  vein.  In  these  curves  the  part  a  h 
corresponds  to  the  contraction  of  the  auricle.  Occasionally  this  part  consists  of 
two  elevations,  corresponding  to  the  contraction  of  the  atrium  and  auricle 
respectively.     As  the  blood  in  the  right  auricle  receives  an  impulse  from  the 
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sudden  tension  of  the  tricuspid  valve,  synekronout  with  the  systole  of  the  right 
ventricle,  there  is  a  positive  wave  in  the  jugular  vein  in  fig.  131,  9  and  10,  in- 
dicated by  b,  c.  Lastly,  the  sudden  closure  of  the  pulmonary  valves  may  even 
be  indicated  («),  As  the  aorta  lies  in  direct  relation  with  the  pulmonary 
artery,  the  sudden  closure  of  its  valves  may  also  be  indicated  ((ig.  131,  9,  at  //). 
During  the  diastole  of  the  auricle  and  ventricle,  blood  flows  into  the  heart,  so 
that  the  vein  partly  collapses  and  the  lever  of  the  recording  instrument 
descends. 

Sinnt  and  Retinal  Pulae. — The  blood  in  the  hduks  of  ih«  jmix  also  undergoei  a  pul»tile 
moTcmciU,  owing  to  tbe  fact  th>(  during  cardi&c  diutole  much  blood  flows  idIo  the  veins 
(Jfuts).  Under  fivonble  cimimit&occs,  this  moTement  m&y  be  [Mvpagated  into  the  *eiDS  Ql 
Ihr  r/Tjfu,  constituting  the  vfHOus  relmal patse  of  the  older  otoervera  {^Htlfrtick\. 

P*ilK>logic«l  Jugular  Vein  Pulse.— The  Tcnous  pulie  in  the  jugnlar  vein  ii  far  beuei 
muVed  in  imsifficimcy  gflie  triciapid  valvt.  and  ihe  vein  may  pulsate  violently,  but  if  its  valves 


Fig.  131. 
VcRoni  pubea  {Fritdreick).     F-S,  from  insufficiency  ol  the  tricuspid;  9,  10,  pulse  of  the  jugular 
vein  of  a  healthy  person.     In  all  the  curves,  a  b  =  conlraUian  of  the  right  auricle  ;  ^  (,  ol 
the  right  venlricle;  ^,  closure  of  the  aortic  valves ;  ;,  closure  of  the  palmonaiy  valves;  </, 
diastole  of  the  r^bl  veniricle. 

U  perfect,  the  pulse  is  not  propagated  along  the  vein,  so  that  a  ptibt  in  the  jugular  vtin  it  not 
ntaiiarily  a  sign  of  iimijgitimcy  of  Ihe  IricuifiJ  vahie,  but  only  of  insufficiency  of  (he  valve  of 
the  jugular  vein  [FriedrticJi), 

Liver  Pul*e. — The  venlrlcular  syRole  is  propagated  into  the  valveless  inferior  vena  cava,  and 
OOKS  the  liver  puhe.  With  each  sjstolc  blood  passes  into  the  hepatic  veins,  so  that  the  liver 
undergoes  a  tyttelit  SToellitig  and  injeelion. 

Fig,  131,  ^-8,  are  curves  of  the  pulse  in  the  common  jugular  vein.  Although  at  Brst  sight 
liie  carves  appear  to  be  veiy  HifTerent,  Ihey  all  agree  in  this,  that  the  .various  events  occurring 
m  the  heart  during  a  cardiac  revolution  are  indicated  more  or  leas  completely.  In  all  the 
CDTTEs.  a  b=^  auricular  contraction.  The  auricle,  when  it  contracts,  excites  a  positive  wave  in 
the  vdns.  The  elevation,  ^  (,  is  caused  by  the  large  blood-wave  produced  in  the  veins,  owing 
to  the  emptying  of  the  ventricle.  It  is  always  greater,  of  Coarse,  in  insufficiency  of  Ihe  lricus[Hd 
oItcs  than  under  normal  circumstances  (^.  tjl,  9  and  to).  In  the  latter  case,  the  closure  of 
Ibe  tricuspid  valve  causes  only  a  slight  wave-motion  in  the  auricle.  The  apex,  i,  of  this  wave 
inay  be  higher  or  lower,  according  to  the  tension  in  the  vein  and  the  pressure  exerted  \fj  the 
^y£niogiaph.     As  a  general  rule,  at  least  one  notch  (4,  5,  6,  e)  follows  the  apex,  due  to  the 
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prompt  closure  of  the  vaWes  of  the  pulmonary  artery.  The  closure  of  the  closely  adjacent 
aortic  valves  may  cause  a  small  secondary  wave  near  to  /  (as  in  I  and  2,  d).  The  curve  £ills 
towards /I  corresponding  to  the  diastole  of  the  heart. 

A  well -marked  venous  pulse  occurs  when  the  right  auricle  is  greatly  congested,  as  in  cases  of 
insufBciency  of  the  mitral  valve  or  stenosis  of  the  same  orifice.  In  rare  cases,  in  addition  to 
the  pulse  in  the  common  jugular  vein,  the  external  jugular,  the  facial,  thjrroid,  extenal 
thoracic  veins,  or  even  the  veins  of  the  upper  and  lower  extremities  may  pulsate.  A  simiUr 
pulsation  must  occur  in  the  pulmonary  veins  in  mitral  insufficiency,  but  of  course  the  result  b 
not  visible. 

On  rare  occasions  a  pulse  occurs  in  the  veins  on  the  back  of  the  hand  an4  foot,  om-ing  to  the 
arterial  pulse  being  propagated  through  the  capillaries  into  the  veins.  This  may  occnr  under 
normal  circumstances,  when  the  peripheral  ends  of  the  arteries  become  dilated  and  relaxed 
{Quincke^  or  when  the  blood-pressure  within  these  vessels  rises  rapidly  and  falls  as  suddenly, 
as  in  insufficiency  of  the  aortic  valves.     [Venous  pulse  in  submaxillary  vein  (p.  138).] 

In  progressive  efiusion  into  the  pericardium,  the  carotid  pulse  at  first  becomes  smaller  and  the 
venous  pulse  larger;  beyond  a  certain  stage  of  pressure  the  latter  ceases  (^Riegel), 

xoo.  DISTRIBUTION  OF  THE  BLOOD.— In  the  rabbit,  one-fourth 
of  the  total  amount  of  the  blood  is  found  in  each  of  the  following  : — a^  in  the 
passive  muscles ;  b,  in  the  liver ;  c,  in  the  organs  of  the  circulation  (heart  and 
great  vessels) ;  d^  in  all  other  parts  together. 

Methods. — The  methods  adopted  do  not  give  exact  results.  J.  RaiJce  ligatured  the  ptrts 
during  life,  removed  them,  and  investigated  the  amount  of  blood  while  the  tissues  are  still  warm. 

Influencing  Conditions. — ^The  amount  of  blood  is  influenced  by — (i^  the  anatomical  distri- 
bution of  the  vessels  (vascularity  or  the  reverse)  as  a  whole;  (2)  the  aiameter  of  the  vessels, 
which  depends  upon  physiological  causes— fa)  on  the  blood- pressure  within  the  vessels;  (b)  on 
the  condition  of  the  vaso-motor  or  vaso-dilator  nerves ;  {c\  on  the  condition  of  the  tissues  in 
which  the  blood-vessels  are  distributed,  e.g,^  the  vessels  of  tne  intestine  during  absorption;  the 
vessels  of  muscle  during  muscular  contraction ;  and  the  vessels  in  inflamed  parts. 

The  most  important  factor,  however,  is  the  state  of  activity  of  the  organ 
Itself;  hence  the  saying,  *'ubi  irritatio,  ibi  affluxus."  We  may  instance  the 
congestion  of  the  salivary  glands  and  the  gastric  mucous  membrane  during 
digestion,  and  the  increased  vascularity  of  muscles  during  contraction.  As  the 
activity  of  organs  varies  at  different  times,  the  amount  of  blood  in  the  part  or 
organ  goes  hand  in  hand  with  the  variations  in  its  states  of  activity.  When  some 
organs  are  congested,  others  are  at  rest ;  during  digestion  there  is  muscular 
relaxation  and  less  mental  activity :  violent  muscular  exertion  retards  digestion 
— during  great  congestion  of  the  cutaneous  vessels  the  activity  of  the  kidneys 
diminishes.  Many  organs  (heart,  muscles  of  respiration,  certain  nerve  centres) 
seem  always  to  be  in  a  nearly  uniform  state  of  activity  and  vascularity.  Dur- 
ing the  activity  of  an  organ ,  the  amount  of  blood  in  it  may  be  increased  30  per 
cent. ,  nay,  even  47  per  cent.  The  motor  organs  of  young  muscular  persons 
are  relatively  more  vascular  than  those  of  old  and  feeble  persons  (yi  ^anke). 
In  the  condition  of  increased  activity,  a  more  rapid  renewal  of  the  blood  seems 
to  occur ;  after  muscular  exertion  the  duration  of  the  circulation  diminishes 
(^Vierordt). 

During  a  condition  of  mental  activity,  the  carotid  is  dilated,  the  dicrotic  wave  in  the  carotid 
curve  is  increased  (the  radial  shows  the  opposite  condition),  and  the  pulse  is  increased  in  itt- 
quency  i^Gley), 

Age. — ^The  development  of  the  heart  and  large  vessels  determines  a  different  distribution  of  the 
blood  in  the  child  from  that  which  obtains  m  the  adult.  The  heart  is  relatively  small  from 
infancy  up  to  puberty,  Ihe  vessels  are  relatively  large ;  while  after  puberty  the  heart  is  laxge, 
and  the  vessels  are  relatively  smaller.  Hence  it  follows  that  the  blood-pressure  in  the  aiteries 
of  the  systemic  circulation  must  be  lower  in  the  child  than  in  the  adult.  The  pulmonary  artery 
is  relatively  wide  in  the  child,  while  the  aorta  b  relatively  small ;  after  puoerty  both  veeeh 
have  nearly  the  same  size.  Hence  it  follows  that  the  blood-pressure  in  the  pulmonary  vessels  of 
the  child  is  relatively  higher  than  that  in  the  adult  (Benehe). 

lOi.  PLETHYSMOGRAPHY.— In  order  to  estimate  and  register  the 
amount  of  blood  in  a  limb  Mosso  devised  the  plethysmograph  (fig.  132). 
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It  consists  of  a  long  cylindrical  glass  vessel,  G,  suited  to  accommodate  a  limb.  The  opening 
through  which  the  limb  is  introduced  is  closed  with  caoutchouc,  and  the  vessel  is  Blled  wi£ 
water.  There  is  an  opening  in  the  side  of  the  vessel  in  which  a  manometer  tube,  filled  to  a 
certain  height  with  water,  is  fixed.  As  the  arm  is  enlarged  owing  to  the  increased  supply  of 
arterial  blood  passing  into  it  at  each  pulse-beat,  of  course  the  water  column  in  the  manometer  is 
raised.  Fick  placed  a  float  upon  the  surface  of  the  water,  and  thus  enabled  the  variations  in 
the  volume  of  the  fluid  to  be  inscribed  on  a  revolving  cylinder.  The  curve  obtained  resembled 
the  pnlse-cnrve ;  it  was  even  dicrotic.  In  fig.  132  the  movement  of  the  fluid  is  represented  as 
conveyed  to  a  Marey's  tambour,  T,  similar  to  the  recording  apparatus  employed  in  Brondgeest's 
panaphygmograph  (fig.  88). 

The  cylinder  C  may  be  filled  with  air.  Kries  fills  it  with  gas  and  connects  the  tube  leading 
to  T  to  a  gas-burner.     The  variations  in  the  gas-flame  are  then  photographed. 

Results. — (i)  Pulsatile  Variations  in  the  Volume. — As  the  venous 
current  is  regarded  as  unifortn  in  the  passive  limb,  every  increase  of  the  volume- 
curve  indicates  a  greater  velocity  of  the  arterial  current  towards  the  periphery, 
and  vice  versd  (^Fick).  The  curves  registered  by  the  apparatus  are  volume 
pulses,  and  they  resemble  the  curve  of  the  dromograph  (^fig.  137,  III).  The 
ascent  of  the  curve  indicates  a  greater,  the  descent  a  diminished  inflow  of 
arterial  blood. 

At  first  sight  the  plethysmograph  curve  (volume-pulse,  {  90,  7)  is  very  like  the  pulse  curve 
(pressure  pulse) ;  both  are  dicrotic.     But  there  are  differences ;    the  volume  pulse-curve  beyond 


Moaso's  plethysmograph. 


Fig.  132. 

G,  glass  vessel  for  holding  a  limb ;    F,  flask  for  vaxying  the  water- 
pressure  in  G ;   T,  recording  apparatus. 


the  apex  falls  more  rapidly.  The  rapid  fall,  which  is  not  accompanied  by  a  corresponding  fall 
of  the  pressure,  is  attributed  by  v.  Kries  to  peripheral  reflexion.  The  dicrotic  wave  occurs 
sooner  in  the  volume-pulse  than  in  the  pulse-curve. 

(2)  The  respiratory  undulations  correspond  to  similar  variations  in  the 
blood- pressure  tracing  (§  85,/).  Vigorous  respiration  and  cessation  of  the 
respiration  cause  a  diminution  of  the  volume.  The  limb  swells  during  straining 
and  coughing,  but  diminishes  during  sighing.  (3)  Certain  periodic  undula- 
tions occur,  due  to  the  regular  periodic  contractions  of  the  small  arteries. 
(4)  Other .  undulations,  due  to  various  accidental  causes,  affect  the  blood- 
pressure ;  changes  of  the  position  of  a  limb  acting  hydrostatically,  and  dilata- 
tion or  contraction  of  the  vessels  in  other  vascular  regions.  (5)  Movement  of 
the  muscles  of  the  limb  under  observation  causes  diminution  of  volume,  as  the 
venous  current  is  accelerated,  the  musculature  is  also  very  slightly  diminished 
in  volume,  even  when  the  intra-muscular  vessels  are  dilated.  (6)  Mental  exer^ 
cisc  causes  a  diminution  in  the  volume  of  the  limb,  and  so  does  sleep  (^Mossd), 
Music  influences  the  blood-pressure  in  dogs,  the  pressure  rising  or  falling  under 
different  conditions.  The  state  of  excitement  of  the  auditory  nerve  is  trans- 
mitted to  the  medulla  oblongata,  where  it  acts  so  as  to  cause  acceleration  of 
the  action  of  the  heart  (^Dogiel),  (7)  Compression  of  the  afferent  artery  causes 
a  decrease,  and  compression  of  the  vein  an  increase  in  the  volume  of  the  limb 
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(Mosso),     (8)  Stimulation  of  the  vaso-motor  nerves  causes  a  decrease,  that  of 
the  vaso-dilators  an  increase  in  the  volume  {^Bowditch  and  Warren), 

I02.  TRANSFUSION  OF  BLOOD,— Transfusion  is  the  introduction 
of  blood  from  one  animal  into  the  vascular  system  of  another  animal. 

{a)  The  red  corpuscles  are  the  most  important  elements  in  connection 
with  the  restorative  powers  of  the  blood.  They  seem  to  preserve  their  functions 
even  in  blood  which  has  been  defibrinated  outside  the  body  (§  4,  A). 

(Jf)  With  regard  to  the  gases  present  in  the  blood,  arterial  blood  never  acts 
injuriously ;  but  venous  blood  overcharged  with  carbonic  acid  ought  only  to  be 
transfused  when  the  respiration  is  sufficient  to  oxygenate  the  blood  as  it  passes 
through  the  pulmonary  capillaries,  whereby  venous  is  transformed  into  arterial 
blood.  If  the  respiratory  movements  have  ceased,  or  are  imperfectly  performed, 
the  blood  becomes  rapidly  richer  in  carbonic  acid,  and  in  this  condition  reaches 
the  heart ;  thence  it  is  propelled  into  the  blood-vessels  of  the  medulla  oblongata, 
where  it  acts  as  a  powerful  stimulus  of  the  respiratory  centre,  causing  dyspnoea, 
convulsions,  and  death. 

(r)  The  Rbrin,  and  the  substances  from  which  it  is  formed,  do  not  seem  to 
play  any  part  in  connection  with  the  restorative  powers  of  the  blood ;  hence, 
defibrinated  blood  performs  all  the  functions  of  non-defibrinated  blood  within 
the  body  {Fanunif  Landois), 

{d)  The  investigations  of  Worm  Miiller  showed  that  an  excess  of  83  per 
cent,  of  blood  may  be  transfused  into  the  vascular  system  of  an  animal  (dog) 
without  producing  any  injurious  effects.  Hence  it  follows  that  the  vascular 
system  has  the  power  of  accommodating  large  quantities  of  blood  within  it. 
That  the  vascular  system  can  accommodate  itself  to  a  diminished  amount  ot 
blood  has  been  known  for  a  long  time  (§  85,  ^).  It  is  very  important  to  observe 
that  the  transfusion  of  a  large  quantity  of  blood  does  not  materially  or  perma- 
nently raise  the  blood-pressure. 

When  Employed. — The  transfusion  of  blood  is  used — (i)  in  acute 
ansmia  (§  41,  i),  e.g.^  after  copious  hemorrhage.  New  blood  (150  to 
500  C.C.),  from  the  same  species  of  animal,  is  introduced  directly  into  the  ves- 
sels, to  supply  the  place  of  the  blood  lost  by  the  hemorrhage. 

(2)  In  cases  of  poisoning,  where  the  blood  has  been  rendered  useless  by 
being  mixed  with  a  poisoning  substance,  and  hence  is  unable  to  support  life. 
In  such  cases  remove  a  considerable  quantity  of  the  blood,  and  replace  it  by 
fresh  blood.  Carbonic  oxide  is  a  poison  of  this  kind,  and  its  effects  on  the 
body  have  already  been  described  (§  16).  A  similar  practice  is  indicated  in  poi- 
soning with  ether,  chloral,chloroform,  opium,  morphia,  strychnine,  cobra  poison, 
and  such  substances  as  dissolve  the  blood-corpuscles,  e.  g. ,  potassic  chlorate. 

(3)  Under  certain  pathological  conditions  the  blood  may  become  so 
altered  in  quality  as  to  be  unable  to  support  life.  The  morphological  elements 
of  the  blood  may  be  altered,  and  so  may  the  relative  proportion  of  its  other 
constituents.  Amongst  these  conditions  may  be  cited  the  pathological  condi- 
tion of  uraemia,  due,  it  may  be,  to  the  accumulation  of  urea  or  the  products  of 
its  decomposition  within  the  blood  ;  accumulation  of  the  biliary  constituents 
in  the  blood,  and  great  increase  of  the  carbonic  acid.  All  these  three  condi- 
tions, when  very  pronounced,  may  cause  death.  In  these  cases,  part  of  the 
impure  blood  may  be  replaced  by  normal  human  blood. 

Amongst  conditions  where  the  morphological  constituents  of  the  blood 
are  altered  qualitatively  or  quantitatively  are :  hydraemia  (excessive  amount  of 
water  in  the  blood,  §  41,  i);  oligocythaemia  (abnormal  diminution  of  red 
blood-corpuscles).  When  these  conditions  are  highly  developed,  more  especially 
in  pernicious  anaemia  (§  10,  2),  healthy  blood  may  be  substituted.  Transfusion 
is  not  suited  for  persons  suffering  from  leukaemia  (compare  p.  21). 
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After  Effects. — ^A  quarter  or  half  an  hour  after  normal  blood  has  been 
injected  into  the  blood-vessels  of  a  man,  there  is  a  greater  or  \^is&  febrile  reaction ^ 
according  to  the  amount  of  blood  transfused  (Fever,  §  220). 

Operation. — ^The  operative  procedure  to  be  adopted  in  the  process  of  transfusion  varies  aC 
cording  as  defibrinated  or  non-defibrinated  blood  is  used.  In  order  to  defibrinate  blood,  some 
blood  is  withdrawn  from  a  vein  of  a  healthy  man  in  the  ordinary  way,  collected  in  an  open  ves- 
sel, and  whipped  or  beaten  with  a  glass  rod  until  all  the  fibrin  is  completely  removed  from  it.  It 
is  then  filtered  through  an  atlas  filter,  heated  to  the  temperature  of  the  body  (by  placing  it  in  a 
vessel  in  warm  water),  and  injected  by  means  of  a  syringe  into  an  artery  opened  for  the  purpose. 
A  vein  (e,g,.,  basilic  or  great  saphenous)  may  be  selected  for  the  transfiision,  in  which  case  the 
blood  is  driven  inward  in  the  direction  of  the  heart ;  if  an  artery  is  selected  (radial  or  posterior 
tibial)  the  blood  b  injected  towards  the  periphery,  or  towards  the  heart. 

If  non-defibrinated  human  blood  is  used,  the  blood  may  be  passed  directly  from  the  arm  of 
the  giver  to  the  arm  of  the  receiver  by  means  of  a  flexible  tube.  The  tube  uised  must  be  filled 
with  normal  saline  solution  to  prevent  the  entrance  of  air.  [J.  Duncan  collects  the  blood  shed 
during  an  operation  in  a  $  i>er  cent,  solution  of  sodic  phosphate  (Pavy\  and  injects  the  mixture, 
especially  where  much  blood  has  been  lost  previously.] 

Dangers. — It  is  most  important  that  no  air  be  allowed  to  pass  into  the  circulation,  for  if  it 
be  introduced  in  sufficient  quantity  it  may  cause  death.  When  air  enters  the  circulation  it  reaches 
the  right  side  of  the  heart,  where,  owing  to  the  movement  of  the  blood,  it  forms  air-bubbles  and 
makes  a  froth.  The  air-bubbles  are  pumped  into  the  branches,  of  the  pulmonary  artery,  in 
which  they  become  impacted,  arrest  the  pulmonary  circulation,  and  rapidly  cause  death. 

Peritoneal  Transftision. — Recently,  the  injection  of  defibrinated  blood  into  the  peritoneal 
cavity  has  been  recommended.  The  blood  so  injected  is  absorbed  {^PonficJ^).  Even  after  twenty 
minutes  the  number  of  blood-corpuscles  in  the  blood  of  the  recipient  (rabbit)  is  increased,  and 
tha  number  is  greatest  on  the  first  or  second  day.  The  operation,  however,  may  cause  death, 
and  one  fatal  case,  owing  to  peritonitis,  is  recorded  (Af osier).  It  is  evident  that  this  method  of 
transfusion  is  not  applicable  in  cases  where  blood  must  be  introduced  into  the  circulation  as  rap- 
idly as  possible  {e.g ,  after  severe  hemorrhage  or  in  certain  cases  of  poisoning.  [Blood  has  been 
injected  into  the  subcutaneous  cellular  tissue  of  the  abdomen  in  cases  of  great  debility.] 

Ueterogei^cous  Blood. —  TAe  blood  of  animals  ought  never  to  be  transferred  into  the  blood- 
vessels of  man.  It  is  to  be  remembered,  however,  that  the  blood-corpuscles  of  the  sheep  are 
rapidly  dissolved  by  human  blood,  so  that  the  active  constituents  of  the  blood  are  rendered  use- 
less (Landois).  As  a  general  rule,  the  blood-serum  of  some  mammals  dissolves  the  blood-cor- 
puscles of  other  mammals  ({  5,  5). 

Solution  of  the  Blood-Corpuscles. — The  serum  of  dog's  blood  is  a  powerful  solvent,  while 
that  of  the  blood  of  the  horse  and  rabbit  dissolves  corpuscles  relatively  slowly.  The  blood-cor- 
pnscles  of  mammals  vary  very  greatly  with  reference  to  their  power  to  resist  the  solvent  action  of 
the  serum  of  other  animals.  "Hie  red  blood-corpuscles  of  rabbits'  blood  are  rapidly  dissolved  by 
the  blood-senmi  of  other  animals,whilst  those  of  the  cat  and  dog  resist  the  solvent  action  much 
longer.  Solution  of  the  corpuscles  occurs  in  defibrinated  as  well  as  in  ordinary  blood.  When  the 
blood  of  a  rabbit  or  lamb  is  injected  into  the  blood-vessels  of  a  dog,  the  red  blood-corpuscles  are 
dissolved  in  a  few  minutes.  If  blood  be  withdrawn  by  pricking  the  skin  with  a  needle,  the 
partially  dissolved  corpuscles  may  be  detected. 

Liberation  of  Haemoglobin  and  Hemoglobinuria. — As  a  result  of  the  solution  of  the 
colored  corpuscles,  the  blood-plasma  is  reddened  by  the  liberated  haemoglobin.  Part  of  the  dis- 
solved material  may  be  used  up  in  the  body  of  the  recipient,  some  of  it  for  the  formation  of  bile, 
but  if  the  solution  of  the  corpuscles  has  been  extensive,  the  haemoglobin  is  excreted  in  the  urine 
(bxmoglobinuria),  in  lets  amount  in  the  intestine,  the  bronchi,  and  the  serous  cavities.  Bloody 
urine  has  been  observed  in  man  after  the  injection  of  100  grams  of  lamb's  blood.  Even  some  of 
the  recipient's  blood  corpuscles  are  dissolved  by  the  serum  of  the  transfused  blood,  e,g,^  on  trans- 
fusing dog's  blood  into  man.  In  the  rabbit,  whose  corpuscles  are  readily  dissolved,  the  transfu- 
non  of  the  blood'serum  of  the  dog,  man,  pig,  sheep,  or  cat  produces  serious  symptoms,  and  even 
death.  The  dog,  whose  corpuscles  are  more  resistant,  bears  transfusion  of  other  kinds  of  blood 
weU. 

Dangers. — When^r^^  or  heterogeneous  blood  ii.  e.^  blood  from  a  different  species)  is  trans- 
fused, two  phenomena,  which  may  be  dangerous  to  life,  occur : — 

(i)  Before  the  corpuscles  are  dissolved,  they  usually  run  together  and  form  sticky  masses, 
consisting  of  10  or  12  corpuscles,  which  are  apt  to  occlude  the  capillaries.  After  a  time  they 
give  up  ^eir  haemoglobin,  leaving  the  stroma,  which  yields  a  sticky  fibrin-like  mass  that  may 
occlude  fine  vessels  ({  31). 

(2)  The  presence  of  a  large  quantity  of  dissolved  haemoglobin  may  cause  extensive  coagulation 
within  the  bloodr vessels.  The  injection  of  dissolved  haemoglobin  causes  extensive  coagulations 
'  Naunyn  and  Francken). 
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LHsEolved  hEcmoglobin  seems  greatly  to  increase  the  activity  of  Ihe  Hbrin-fenDCnt  (j  30),  per- 
hap«  by  accelerating  Ihe  diunlegration  of  the  colorless  corpuscles.  Hsemoglobin  expiraed  10  the 
air  gradually  loses  Ihia  property ;  and  the  fibrin -femient,  when  in  Contact  with  hsemogloUa.  is 
dther  destroyed  or  rendered  less  active  [SacAsieniiairj. 

Vascular  SyraptoiUB. — As  a  result  of  the  above-named  causes  of  occlusion  of  the  vessels, 
there  are  oCtea  signs  of  (he  circulation  beiog  impeded  in  various  organs.  In  man,  after  transfu- 
sioa  of  lamb's  blood,  the  skin  is  bluish-red,  in  consequence  of  the  sta^natioTi  of  blood  in  the  cnU- 
neous  vessels.  Difficulty  of  breathing  occurs  from  obstruction  in  the  capillaries  of  the  InnR; 
while  there  may  be  rupture  of  small  l^onchial  vessels,  Causing  saogaineous  expectoraiion.  The 
dTspncea  may  increase,  especially  when  the  circulation  (hmu^  the  medulla  oblongata — the  seal 
of  the  respiratory  centre — is  interfered  with.  In  the  digestive  tract,  for  the  same  reason,  ittcreastd 
ptristaisis,  evacuation  of  the  contents  of  the  rectum,  voDoiting,  and  abdominal  pain  may  occur. 
These  pbenomena  arc  explained  by  the  fact  that  dislnrbances  of  the  circulation  m  the  intestinal 
vessels  cause  increased  peristaltic  movements.  Degeneration  of  the  parenchyma  of  the  Iddnty 
occurs  as  a  result  of  the  occlusion  of  some  of  the  renal  vessels.  The  nriniferous  tubules  become 
plugged  with  cylinders  of  coagulated  albumin  (^Ptmjick').  Owing  to  the  occlusion  of  numerous 
small  muscular  branches,  the  muscles  may  become  Miff,  or  coagulation  of  their  myosin  may  occur. 
Other  symptoms,  referable  to  Che  ntrvous  syslim,  lenst-organi,  and  Aiart,  are  all  due  (0  the  in- 
terference with  the  circulation  through  them.  An  important  symptom  is  Ihe  occurrence  of  a 
considerable  amount  of  /ever  half  an  hour  or  so  after  the  transfusion  of  heterogeneous  blood  ({ 
300).  When  many  vessehi  are  occluded,  rupture  of  some  small  blood-vessels  may  lake  place. 
This  explains  the  occurrence  of  slight,  yet  persistent  hemorrhages,  which  occur  on  the  free  sur- 
faces of  the  mucous  and  serous  membranes,  and  in  the  parenchyma  of  organs,  as  well  is  in 
wounds.     The  blood  coagulates  with  diDicully,  and  imperfectly. 

TniQafuslon  of  other  Fluids. — Other  substances  have  been  transfused.  Normal  saUae 
solution  '0.6  per  cent.  NaCl),  or  Bcrum  from  the  some  species,  aids  the  circulation  in  a  purely 
mechanical  way  {GbIU),  and  it  even  excites  the  circulation  (Kranecier).  In  severe  anzmta 
this  fluid  cannot  maintain  life  (EuUnburg  and  'Landeii).  The  injection  of  peptone,  or  talher 
(he  albumoses,  even  in  moderate  amount,  is  dangerous  to  life,  as  it  causes  paralysis  of  the 
vessels  {p.  37). 


The  Blood  Glands. 

.—THE  SPLEEN.— Structure,— The  spleen  is  covered  by  the 
peritoneum,  except  at  the  hilum.  Under 
!  this  serous  covering  there  is  a  tou^h, 
}  thick,  elastic,  fibrous  capsule,  which 
j  closely  invests  the  organ  and  gives  a 
covering  to  the  vessels  which  enter  or 
leave  it  at  the  hilum,  so  that  tibrous  tis- 
sue is  carried  into  the  organ  along  the 
course  of  the  vessels  (fig.  133).  [The  cap- 
sule cannot  be  separated  without  tearing 
the  splenic  pulp.]  Numerous  trabecule 
pass  into  Ihe  spleen  from  the  deep  suriace 
of  the  capsule,  where  they  branch  and 
anastomose  so  as  to  produce  a  network  of 
sustentacular  tissue,  which  is  continuous 
with  the  connective-tissue,  prolonged  in- 
wartjs  and  surrounding  the  blood-vessels 
(%■  '34)-  Thus,  the  connective- tissue  in 
the  spleen,  as  in  other  viscera,  is  continu- 
ous throughout  the  organ.  In  this  way  an 
.irregular  dense  network  is  formed,  com- 
parable to  the  meshes  of  a  bath  sponge. 
[This  network  is  easily  demonstrated  by 
washing  out  the  pulp  lying  in  itsmeshes  by 
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means  of  a  stream  of  water,  when  a  beautiful  soft  semi-elastic  network  or 
framework  of  rounded  and  flattened  threads  is  obtained.]  The  capsule 
(fig.  133)  is  composed  of  interlacing  bundles  of  connective-tissue  mixed  with 
numerous  fine  fibres  of  elastic  tissue  and  some  non-stiiped  fibres. 

Reticulum. — Within  the  meshes  of  the  trabecular  framework  (here  is  dis- 
posed a  very  delicate  network  or  reticulum  of  adenoid  tissue,  which,  with  the 
other  colored  elements  that  fill  up  the  meshes,  constitute  the  splenic  pulp  (fig. 
13s).  The  reticulum  is  continuous  with  the  fibres  of  the  trabeculie.  [If  a  fine 
section  of  the  spleen  be  "  pencilled  "  in  water,  so  as  to  remove  the  cellular  ele- 
ments, the  preparation  presents  much  the  same  characters  as  a  section  of  a 
Ipnph-gland  similarly  treated,  viz.,  a  very  fine  network  of  adenoid  tissue,  con- 
tinuous with,  and  surrounding  the  walls  of,  the  blood-vessels.  The  spaces  of  this 
tissue  are  filled  with  lymph-  and  blood -corpuscles.] 

The  pulp  is  a  dark  reddi«h<colored,  semi-fluid  material,  which  may  be 
squeezed  or  washed  out  of  the  meshes  in  which  it  lies.  It  contains  a  large 
number  of  colored  blood -corpuscles,  and  becomes  brighter  when  it  is  exposed 
to  the  action  of  the  oxygen  of  the  air. 

Blood-Vesaels  and  Malpighian  Corpuscles. — The  large  splenic  artery, 
accompanied  by  a  vein,  splits  up  into  several  branches  before  it  enters  the 
spleen.  Both  vessels  and  their  branches  are  enclosed  in  a  fibrous  sheath,  which 
becomes  continuous  with  the  trabeculfe.  The  smaller  branches  of  the  artery 
gradually  lose  this  fibrous  investment,  and  each  one  ultimately  divides  into  a 
group  or  pencil  of  arterioles  or  penicilli  which  do  not  anastomose  with  eack 
ether.  [Thus  each  branch  is  terminal — a  condition  which  is  of  great  impor- 
tance in  connection  with  the  pathology  of  embolism  or  infarction  of  the  vessels 
of  the  spleen.]  At  the  points  of  division  of  the  branches  of  the  artery,  or 
scattered  along  their  course,  are  small  oval  or  globular  masses  of  the  adenoid 
tissue  (^  to  ^  inch  in  diameter),  the  Malpighian  corpuscles.  [These 
bodies  are  visible  to  the 
naked  eye  as  small,  round, 
or  oval  white  structures, 
about   the  size  of  millet 
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seed,  in  a  section  of  a  fresh  spleen.  They  are  very  numerous — [70,000  in 
man] — and  are  readily  detected  in  the  dark  reddiah  pulp.  One  must  be  careful 
not  to  mistake  sections  of  the  trabeculas  for  them.  These  corpuscles  consist  of 
adenoid  tissue,  whose  meshes  are  filled  with  lymph-corpuscles,  and  they  present 
exactly  the  same  structure  as  the  solitary  fdllicles  of  the  intestine  (§  197). 
They  are  small  lymphatic  accumulations  around  the  arteries— peri -art  trial 
tnasses  of  adenoid  tissue  similar  to  those  masses  that  occur  in  a  slightly 
different  form  in  other  organs,  e.  g.,  the  lungs.  In  a  section  of  the  spleen  the 
artery  may  pass  through  the  centre  of  the  mass  or  through  one  side  of  it,  and 
in  some  cases  the  tissue  is  collected  unequally  on  opposite  sides  of  the  vessel. 
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SO  that  it  is  lob-sided.  They  are  Dot  surrounded  by  any  special  eovelope.  In 
some  animals  the  lymphatic  tissue  is  continued  for  some  distance  along  the  small 
arteries,  so  that  to  some  extent  it  resembles  a  peri -vascular  sheath  of  adenoid 
tissue.  In  a  well-injected  spleen,  a  few  fine  capillaries  are  to  be  found  within 
these  corpuscles.  The  capillaries  distributed  in  the  substance  of  the  Matpightan 
corpuscle  (fig.  136)  form  a  network,  and  ultimately  pour  their  blood  into  the 
spaces  in  the  pulp.  According  to  Cadiat,  the  corpuscles  are  separated  from  the 
splenic  pulp  by  a  lymphatic  sinus,  which  is  traversed  by  efferent  capillaries 
passing  to  the  pulp  (lig.  136). 

Connection  of  Arteries  and  Veins. — It  is  very  difficult  to  determine 
what  is  the  exact  mode  of  termination  of  the  arteries  within  the  spleen,  more 
especially  as  it  is  extremely  difficult  to  inject  the  blood-vessels  of  the  spleen. 
According  to  Stieda  and  others,  the  fine  "  capillary  arteries "  formed  by  the 
division  of  the  small  arteries  do  not  open  directly  into  the  capillary  veins,  but 
the  connection  between  the  arteries  and  veins  is  by  means  of  the  "  interme- 
diary intercellular  spaces"  of  the  reticulum  of  the  spleen,  so  that,  accord- 
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ing  to  this  view,  there  is  no  continuous  channel  lined  throughout  by  epithelium 
connecting  these  vessels  one  with  another.  Thus  the  blood  of  the  spleen  flows 
into  the  spaces  of  the  adenoid  reticulum  just  as  the  lymph-stream  flows  through 
the  spaces  in  a  lymph-gland.  According  to  Billroth  and  KoHilcer,  a  closed 
blood-channel  actually  does  exist  between  the  capillary  arteries  and  the  veins, 
consisting  of  dilated  spaces  (similar  to  those  of  erectile  tissue).  These  inter- 
mediary spaces  are  said  to  be  completely  lined  by  spindle-shaped  epithelium, 
which  abuts  externally  on  the  reticulum  of  the  pulp.  [According  to  Frey, 
owing  to  the  walls  of  the  terminal  vessels  being  incomplete,  there  being  clefts 
or  spaces  between  the  cells  composing  them,  the  blood  passes  freely  into  spaces 
of  the  adenoid  tissue  of  the  pulp  "in  the  same  way  as  the  water  of  a  river 
finds  its  way  among  the  pebbles  of  its  bed,"  these  "intermediary  pas- 
sages" being  bounded  directly  by  the  cells  and  fibres  of  the  network  of  the 
pulp.  From  the  passages  the  venous  radicles  arise.  At  first  their  walls  are 
imperfect  and  cribriform,  and  they  often  present  peculiar  transverse  markings, 
due  to  the  circular  disposition  of  the  elastic  fibres  of  the  reticulum.    The  small 
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▼eins  have  at  first  a  difTerent  course  from  the  arteries.  They  anastomose 
freely,  but  they  soon  become  ensheathed,  and  accompany  the  arteries  in  their 
course.] 

Elements  of  the  Pulp  (fig.  137). — The  niorphological  elements  are  very 
various — (i)  Lymph-corpuscles  of  various  sizes,  sometimes  partly  swollen,  and 
at  other  times  with  granular  contents.  (2)  Red  blood-corpuscles.  (3)  Tran- 
sition forms  between  i  and  2  [although  this  is  denied  by  some  observers  (§  7, 
C)].  (4)  Cells  containing  red  blood-corpuscles  and  pigment  granules.  [These 
celts  exhibit  amoeboid  movements.]    (Compare  §  8.) 

[Lymphatics  undoubtedly  arise  within  the  spleen,  but  they  are  not  numer- 
ous. There  are  two  systems — a  superficial  or  capsular,  and  trabecular  system ; 
and  a  peri-vascular  set.  The  superficial  lymphatics  in  the  capsule  are  rather 
more  numerous.  Some  of  them  seem  to  communicate  with  the  lymphatics  within 
the  organ  {Tomsa  KdiUker),  In  the  horse's  spleen  they  communicate  with  the 
lymphatics  in  the  trabeculse,  and  with  the  peri-vascular  lymphatics.  The  exact 
mode  of  origin  of  the  peri-vascular  system  is  unknown,  but  in  part  at  least 
it  begins  in  the  spaces  of  the  adenoid  tissue  of  the  Malpighian  corpuscles  and 
peri-vascular  adenoid  tissue,  and  runs  along  the  arteries  towards  the  hilum. 
There  seem  to  be  no  afferent  lymphatics  in  the  spleen  such  as  exist  in  a  lym- 
phatic gland.] 

The  nerves  of  the  spleen  are  composed  for  the  most  part  of  non-medul- 
lated  nerve-fibres,  and  run  along  with  the  artery.  Their  exact  mode  of  termi- 
nation is  unknown,  but  they  probably  go  to  the  blood-vessels  and  to  the  mus- 
cular tissue  in  the  capsule  and  trabecular  [They  are  well  seen  in  the  spleen 
of  the  ox,  and  in  their  course  very  small  ganglia,  placed  wide  apart,  have  been 
found  by  Remak  and  W.  Stirling.] 

Chemical  Composition. — Several  of  the  more  highly  oxidized  stages  of  albuminous  bodies 
exist  in  the  spleen.  Besides  the  ordinary  constituents  of  the  blood,  there  exist : — ^leucin, 
trjosio,  xanthm,  hypoxanthin;  lactic,  butyric,  acetic,  formic,  succinic,  and  uric  acids,  and 
perhaps  glycero- phosphoric  acid  (SalJkowski) ;  cholesterin,  a  glutin-like  body,  inosit,  a  pigment 
containing  iron,  and  even  free  ircm  oxide  (Nasse).  The  ash  is  rich  in  phosphoric  acid  and  iron 
(p.  174);  poor  in  chlorine  compounds.  The  splenic  juice  is  alkaline  in  reaction;  the  specific 
gravity  of  the  spleen  =r  io59~io66. 

The  functions  of  the  spleen  are  obscure,  but  we  know  some  &cts  on 
which  to  form  a  theory.  [The  spleen  differs  from  other  organs  in  that  no  very 
apparent  effect  is  produced  by  it,  so  that  we  must  determine  its  uses  in  the 
economy  from  a  consideration  of  such  facts  as  the  following  :  (i)  The  effects 
of  its  removal  or  extirpation.  (2)  The  changes  which  the  blood  undergoes  as 
it  passes  through  it.  (3)  Its  chemical  composition.  (4)  The  results  of  experi- 
ments upon  it.     (5)  The  effects  of  diseases.] 

(i)  Extirpation. — The  spleen  may  be  removed  from  an  animal-— old  or 
young — without  the  organism  suffering  any  very  obvious  change  (^Galen), 
The  human  spleen  has  been  successfully  removed  by  Koberle^  Fiafiy  and 
others.  As  a  result  (compensatory?)  the  lymphatic  glands  enlarge,  but  not 
constantly,  while  the  blood-forming  activity  of  the  red  marrow  of  bone  is 
increased.  Small  brownish-red  patches  were  observed  in  the  intestines  of  frogs 
after  extirpation  of  the  spleen.  These  new  formations  are  regarded  by  some 
observers  as  compensatory  organs.  Tizzoni  asserts  that  new  splenic  structures 
are  formed  in  the  omentum  (horse,  dog)  after  the  destruction  of  the  parenchyma 
and  blood-vessels  of  the  spleen.     The  spleen  is  absent  extremely  seldom. 

[The  weight  of  the  animal  (dog)  diminbhes  after  the  operation,  but  afterwards  increases. 
The  number  of  red  blood-corpuscles  is  lessened,  reaching  its  minimum  about  the  150th  to  the 
200th  day,  while  the  colorless  corpuscles  are  increased  in  number.  The  lymphatic  glands 
(especially  the  internal,  and  those  in  the  neck,  mesentery,  and  groin)  enlarge,  while  on  section 
the  cortical  substance  of  these  structures  is  redder,  owing  to  the  great  number  of  red  corpuscles ; 
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many  of  them  are  nuclet^ted  in  the  lymph  spaces  (Gibson),  The  maiTDw  of  aU  the  hmg-boties 
(those  of  the  foot  excepted),  becomes  very  red  and  soft,  with  the  characters  of  embryonic  bone- 
marrow.  Such  animals  withstand  hemorrhage  (to  W  of  the  total  amount  of  blood)  without  any 
.  special  bad  results  (  Ttzzont\  iVinogradow),  Schindfeler  observed  that  animals  after  extirpation 
of  the  spleen  became  very  ravenous.] 

[Regeneration. — After  entire  removal  of  the  spleen,  nodules  of  splenic  tissue  are  repro- 
duced (fox);  while  new  adenoid  tissue  is  formed  in  the  lymphatic  glands,  and  in  Peyer's 
patches,  the  parenchyma  of  the  former  coming  to  resemble  splenic  tissue  (  Tisstoni  Etemod).'] 

(2)  According  to  Gerlach  and  Funke  the  spleen  is  a  blood-fonning  gland. 
The  blood  of  the  splenic  vein  contains  far  more  colorless  corpuscles  than  the 
blood  of  the  splenic  artery  (p.  54).  Many  of  these  corpuscles  undergo  fatty 
degeneration,  and  disappear  in  the  blood-stream.  That  colorless  blood-cor- 
puscles are  found  within  the  spleen  seems  to  be  proved  by  the  enormous  num- 
ber of  these  corpuscles  which  are  found  in  the  blood  in  cases  of  leukaemia 
(^Bennett  {i%$2)f  Virchow).  Bizzozero  and  Salvioli  found  that,  several  days 
after  severe  hemorrhage,  the  spleen  became  enlarged,  and  its  parenchyma  con- 
tained numerous  red  nucleated  haematoblasts. 

(3)  Other  observers  {KdUiker  and  Ecker)  regard  the  spleen  as  an  organ 
in  which  colored  blood-corpuscles  are  destroyed,  and  they  consider 
the  large  protoplasmic  cells  containing  pigment  granules  as  a  proof  of  this 
(p.  172).  According  to  the  observations  of  Kusnetzow,  these  structures  are 
merely  lymph-corpuscles,  which,  in  virtue  of  their  amoeboid  movements,  have 
entangled  colored  blood-corpuscles.  [Such  corpuscles  exhibit  similar  proper- 
ties when  placed  upon  a  warm  stage.]  Similar  cells  occur  in  extravasations  of 
blood.  The  colored  blood-corpuscles  within  the  lymph-cells  gradually  become 
disintegrated,  and  give  rise  to  the  production  of  granules  of  hsematin  and  other 
derivatives  of  haemoglobin.  [The  spleen  contains  so  much  free  iron  that  a 
section  of  this  organ,  especially  from  a  young  animal,  when  treated  with  Tiz- 
zoni's  fluid,  1.  ^.,  with  potassic  ferrocyanide  and  hydrochloric  acid,  gives  a 
distinct  blue  color  (§  174,  4).]  Hence  the  spleen  contains  more  ir^«  than 
corresponds  to  the  amount  of  blood  present  in  it.  When  we  consider  that  the 
spleen  contains  a  large  number  of  extractives  derived  from  the  decomposition 
of  proteids,  it  is  very  probable  that  colored  blood-corpuscles  are  destroyed  in 
the  spleen.  Further,  the  juice  of  the  spleen  contains  salts  similar  to  those  that 
occur  in  the  red  blood-corpuscles. 

The  blood  from  the  spleen  is  said  to  have  undergone  other  changes,  but  the  following  state- 
ment must  be  accepted  with  caution :  The  blood  of  the  splenic  vein  contains  more  water  and 
6brin,  its  red  blood-corpuscles  are  smaller,  brighter,  less  flattened,  more  resistant,  and  do  not 
form  rouleaux ;  its  haemoglobin  crystallizes  more  easily,  and  there  is  a  large  proportion  of  O 
during  digestion.  [The  serum  of  the  blood  of  the  splenic  vein  does  not  differ  from  that  of  the 
blood  of  the  body  generally.] 

[The  spleen  has  therefore  very  direct  relations  to  the  blood  ;  in  it  colored 
blood-corpuscles  undergo  disintegration,  it  produces  colorless  corpuscles,  and  it 
is  said  to  transform  white  corpuscles  into  red.  The  last  statement,  however, 
does  not  agree  with  the  view  that  the  red  and  white  corpuscles  are  each  developed 
from  special  corpuscles,  and  that,  in  fact,  they  are  developed  independently  of 
each  other  (p.  13).] 

(4)  Contraction. — In  virtue  of  the  plain  muscular  fibres  in  its  capsule  and 
trabeculae,  the  spleen  undergoes  variations  in  its  volume.  Stimulation  of  the 
spleen  or  its  nerves,  by  cold,  electricity,  quinine,  eucalyptus,  ergot  of  rye,  and 
other  "splenic  reagents"  causes  it  to  contract,  whereby  it  becomes  paler, 
and  its  surface  may  even  appear  granular.  After  a  weal,  the  spleen  increases 
in  size,  and  it  is  usually  largest  about  five  hours  after  digestion  has  begun,  1.  ^., 
at  a  time  when  the  digestive  organs  have  almost  finished  their  work  and  have 
again  become  less  vascular.     After  a  time  it  regains  its  original  volume.     For 
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this  reason  the  spleen  was  formeiiy  regiirded  as  anapparatus  for  regulating 
the  amotint  of  blood  in  the  digestive  organs.    [The  congestion  of  the  spleen  after 
a  meal  is  more  probably  related  to  the  formation  of  new  colorless  corpuscles 
than  to  the  destruction  of  red  corpuscles.     It  may  be,  however,  that  some  of 
the  products  of  digestion  are  par- 
tially acted  Dpon  in  the  spleen, 
and  undergo  further  change'  in  the 
liver.]    There  is  a  relation  between 
the  size  of  the  spleen  and  that  of 
the  liver,  for  it  is  found  that  when 
the    spleen    contracts — e.g.,    by 
stimulation  of  its  nerves — the  liver 
becomes  enlarged,  as  if  it  were 
injected  with   more   blood   than 
usual  i^Droidow). 

[Oncograph.  —  Botkin,  and 
more  recently  Roy,  have  studied 
various  conditions  which  affect  the 
size  of  the  spleen.  Roy  enclosed 
the  spleen  of  a  dog  in  a  box  with 
rigid  walls  (figs.  138,  139)  the 
oncometer  (V'^^i  volume}  and 
filled  with  oil  after  the  manner  of 

the  plethysmograph  (§§  101,  276).  ^"fi-  ^^• 

Any  variatioDS  in  the  size  of  the    '^°f*  Oncometer  to  tl.e  «>l«en.    T,  T,  tuba  to 
oixan  catsed   a  variation  in  the  b.  coaoected  u>  the  oncograph, 

amoant  of  oil  within  the  box,  and  these  variations  were  recorded  by  means  of 
the  oncograph  (§  376).  The  blood-pressure  was  recorded  at  the  same  time. 
The  circulation  through  the  spleen  is  peculiar,  and  is  not  due  to  the  blood- 
pressure  within  the  arteries,  but  is  carried  on  chiefly  by  a  rhythmical  con- 
traction of  the  muscular  films  of 
the  capsule  and  trabeculse.  The 
spleen  undergoes  very  regular 
rhythmical  contractions  (systole) 
and  dilatations  (diastole).  This 
alternation  of  systole  and  diastole 
may  last  for  hours,  and  the  two 
events  together  occupy  about  one 
minute  (fig.  140).  Changes  in  the 
arterial  blood -pressure  have  com- 
paratively little  influence  on  the 
volume  df  the  spleen.  The  rhyth- 
mical contractions,  although  modi- 
fied, still  go  on  after  section  of 
the  splenic  nerves.  This  would 
seem  to  indicate  that  the  spleen 
has  an  independent  (nervous) 
mechanism  within  itself,  causing 
its  movements.]  _ 

[InBucnce  of  Nerves.— Sec-  ^       »  u 

tiJk  of  the  splenic  nerves  is  fol-  ^"S"  >38  »hom,open. 

lowed  byan  increase  in  the  size  of  the  spleen.  The  nerves  have  their  centre  in  the 
medulla  oblongata.  Stimulation  of  the  medulla  oblongata,  either  directly  or  by 
means  of  asphyxiated  blood,  causes  contraction  of  the  spleen,  hence  the  spleen  is 
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"  small  and  contracted  "  in  death  from  asphyxia.  The  fibres  proceed  down 
the  cord,  and  leaving  it  in  the  dorsal  region,  enter  the  left  splanchaic,  pass 
through  the  semi-lunar  ganglion,  and  thus  reach  the  splenic  plexus.  Stimula.- 
tion  of  the  peripheral  ends  of  these  nerves  causes  contraction  of  the  spleen, 
and  so  does  cold  applied  to  the  spleen  directly  or  over  the  region  of  the  organ. 
In  the  last  case  the  result  is  brought  about  reflexly.  Botkin  found  that  tbe 
application  of  the  induced  current  to  the  skin  over  the  spleen,  in  a  case  of 
leukxmia,  caused  well-marked  contraction  of  the  spleen  in  all  its  dimensions, 
and  the  result  lasted  some  time.  After  every  stimulation  the  number  of  coIot- 
less  corpuscles  in  the  blood  increased,  and  the  condition  of  the  patient 
improved.] 

[There  is  a  popular  notion  that  the  spleen  is  influenced  by  the  condition  of 
the  nervous  system.  Botkin  found  that  depressing  emotions  increased  its  size, 
while  exhilarating  ideas  diminished  it.  The  causes  of  these  changes  are  refera- 
ble not  only  to  changes  in  the  amount  of  blood  in  the  spleen,  but  also  to  the 


Fig.  140. 
Tracing  of  »  tplenic  curve,  reduced  one-half,  takea  wiih  the  oncograph.  The  upper  line  wiih 
lai^e  WBvei  is  iha  ^lenic  curve  ;  each  Eucent  correiponds  to  an  increase,  and  each  detcenl 
10  a  dimination  in  the  volume  of  (he  ipleen.  The  curve  beneath  ii  a  blood-preHore 
tracing  from  the  carotid  mtery.  The  loweA  line  indicates  the  time,  the  intemiptioD) 
of  the  marka- occupying  every  two  seconds.  The  vertical  lines  a,and£,giv«  the  raatin 
positions  of  the  lever-point  of  the  oocograph,  and  of  the  point  of  the  recording  Hjlc  of 
the  kymograph  respectively  (i?"^). 

greater  or  less  degree  of  contraction  of  its  muscular  tissue.  And  it  would 
appear  that,  like  the  small  arteries,  the  muscular  tissue  of  the  spleen  is  in  a 
state  of  tonic  contraction.  The  size  of  the  spleen  may  be  influenced 
reflexly.  Thus,  Tarchanoff  found  that  stimulation  of  the  centra/  end  of  the 
vagus,  when  the  splanchnics  were  intact,  caused  contraction  of  the  spleen, 
while  stimulation  of  the  central  eni  of  the  sciatic  also  caused  contraction,  but 
to  a  less  degree.  It  is  quite  certain  that  all  the  phenomena  are  not  due  to  the 
action  of  vaso-motor  nerve^  on  the  splenic  blood-vessels.  There  is  a  certain 
amount  of  independent  action  of  the  muscular  fibres  of  the  organ,  and  it  is 
not  improbable  that  the  innervation  of  the  spleen  is  similar  to  the  innervation 
of  arteries,  and  that  it  has  a  motor  centre  in  the  cord  capable  of  being  in- 
fluenced reflexly  by  afferent  nerves,  while  it  also  sends  out  efferent  impulse.] 

[Stimulation  of  (i)  the  central  end  of  a  sensory  nerve;  (a)  of  the  periphcnl 
ends  of  both  splanchnics;  (3)  of  the  peripheral  endsof  both  vagi,  causes  con- 
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traction  of  the  spleen.  But  even  after  section  of  the  splanchnics  and  vagi, 
stimulation  of  a.  sensory  nerve  still  causes  contraction,  so  that  there  must  be 
some  other  channel  as  yet  unknown  {Jioy).  Bochefontaine  found  that  electrical 
stimulation  of  certain  parts  of  the  cortex  cerebri  produced  contraction  of  the 
spleen.]  Sensory  neri-es  seem  to  occur  only  in  the  peritoneum  covering  the 
splecn- 

Prcssnre  on  the  ^leoic  veio  camu  enlargemenl  of  the  spleen,  hence  increued  presstuc  is 
this  Tcin  (congestion  of  the  portal  vein,  cessotioD  of  faemorrhoids]  and  mensnial  discharges) 
■bo  causes  ils  enlargeinent.  With  legard  to  the  action  of  "  splenic  reagent*,"  SDCh  u  qui- 
nine, on  the  contraction  of  the  spleen,  Binz  is  of  opinion  that  this  drug  retards  the  fomuUion 
of  the  colorless  blood -corpuscles,  so  that  ils  chief  liinclion  is  inlerfered  with,  and  the  oigan  be. 
comes  less  vascular.  It  is  not  deAnilely  decided,  however,  wbelber  il  ii  contraction  or  dilata- 
tioo  of  the  spleen  ibat  alters  tbe  proportion  of  red  and  white  corpuscles  in  the  blood. 

Splenic  Tamors. — The  increase  in  size  of  the  spleen  in  various  diseases  early  attracted  tbe 
attention  of  physicians.  The  healthy  spleen  undergoes  several  variations  in  volame  during 
the  coarse  of  a  day,  corresponding  wUh  the  varying  activity  of  the  digestive  organs.  In  tbis 
In  many  fevers  the  spleen  becomes  greatly  enlarged, 
It  is  greatly  increased  in  intermittenl  fever  or  ague, 
Vhen  it  becomes  abnormally  enlarged,  and  remains  so 
ly  hypeitrophied,  and  constitutes  ■'  ague  cake."  In 
larged,  and  at  the  same  time  there  is  a  great  increase  in 
blood  and  alto  a  decrease  of  Ihe  colored  <xiei  (J  10). 

■fEtal  life  this  gland  is  largely  developed,  and 
or  three  years  of  life,  remaining  stationary 
when  it  begins  to  atrophy  and  undergo  fatty 
I  begins  at  the  outer  part  of  each  lobule  and 
;yer  finds  that  eves  in  the  oldest  person  the 
mass  of  fat,  at  least  as  large  as  the  thymus 
some  adenoid  tissue  either  in  a  diffuse  or 

aggregation  of  lymph-follicles(resembling  the 

:ioid  tissue  held  together  by  a  framework  of 

ood-vessels, 

t4i).     The 

e  gives  off 
septa  which  divide  the  gland  into  lobes,  these 
being  further  subdivided  by  liner  septa  into 
lobules,  tbe  lobules  being  separated  by  fine 
intra-lobular  lamellae  of  connective- tissue  into 
foUicles  (0.5-1.5  mm.).  These  follicles 
make  up  the  gland-substance,  and  they  are  ^• 
usually  [tolygonal  when  seen  in  a  section.  Each 
follicle  consists  of  acoi*tical  and  a  medullary  d^ 
part,  and  the  matrix  or  framework  of  both  con- 
asts  of  a  fine  adenoid  reticulum  whose  meshes 
are  filled  with  lymph-corpuscles"  {f\g.  143, 
a).  Many  of  these  corpuscles  exhibit  various 
stages  of  disintegration.     In  the  medulla  are  ^-  '4>' 

foand  the  concentric  corpuscles  of  Has-  Section  of  the  thymus  gland  of  a  cat, 
sail.  ["They  consist  of  a  central  granular  withonecompletelobule  with  acor- 
part,  around  which  are  disposed  layers  of  f  f ° j'."'  *  f ,  *='!""•  *;  ,"• 
5^    '      J  1      .  J       J   .1.  .- V^,i  J         lymphoid  tiisae :  f.blood-vessels  b- 

flattened  nucleated  endothelial  cells  arranged      jecied;  >/,  connective. lissae. 
concentrically.     When  seen  in  a  section  they 

resemble  the  '  cell-nests'  of  epithelioma  (fig.  142,  b),  They  have  also  been 
compared  to  similar  bodies  which  occur  in  the   prostate.     They  are  most 
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numerous  when  the  gland  undergoes  its  retrograde  metamorphosis."  Sig. 
Mayer  finds  that  the  thymus  of  the  frog  coDtaius 
structures,  with  transverse  markings,  identical  with 
the  stripes  of  striped  muscular  fibres.  The  structures 
are  identical  with  those  called  "  sarcoplasts  "  by 
Matgo  and  Panelh,  and  "  sarcolytes "  by  Sig. 
4  y        Mayer.     They  also  occur  in   large  numbers  in   the 

•  tail  of  the  larvae  of  batrachians,  when  the  tail  is  under- 

going a  retrograde  metamorphosis.] 

Simon,  His,  and  others  described  a  convoluted 
blind  canal,  the   "central    canal,"  as  occuning 
■"  within  the  gland,  and  on  it  the  follicles  were  said  to 

Fig.  142.  jjp  placed.     Other  observers,  Jendrassik  and  Klein, 

Elemems  of  the  ihjrmus  either  deny  its  existence  or  regard  it  merely  as  a 
i&\SjSS'S^  lymphatic  o,  „  .rtificial  produc.  N„mem„s  S.e 
cles  of  HasMtl.  lymphatics  penetrate  into  the  interior  of  the  organ, 

and  many  are  distributed  over  its  sur&ce,  but  their 
mode  of  origin  is  unknown.  [They  seem  to  be  channels  through  which  the 
lymph -corpuscles  are  conveyed  away  from  the  gland.]  Numerous  blood- 
vessels are  also  distributed  to  the  septa  and  follicles  (Hg.  141,  c). 

Chemical  Compositioa. — Besides  gelatin,  albumin,  soda-slbamin,  there  ire  sngnr  and  fit, 
leucia,  xinihin,  hjpoxaothin,  formic,  acetic,  butyric,  and  succinic  acids.  Potash  and  pbosphcnc 
acid  are  more  abundant  in  the  asi  than  soda,  calcium,  magnesium  (7  ammoniimi),  chlarincand 
sulphuric  acid. 

Function  of  the  Thymus. — As  long  as  it  exitts,  i(  seems  to  pcifbim  the  fionctions  of  a  tree 
lymph-gland.  This  view  is  su[^ned  by  the  fact  that  in  reptiles  and  amphibians,  which  do  not 
possess  lymph- glands,  the  thymus  remains  as  a  pernumently  active  organ.  [BxtirpatioD  gave 
few  positive  results,  but  chemical  iavestigation  shows  that  the  parenchyma  contains  a  large 
number  of  products  indicating  considerable  metabolic  activity  (Friedlibfn)  ] 

[Development  of  the  Thymua.^The  thymus  is  the  organ  which  earliest  shows  the  struc- 
ture of  adenoid  lissae,  both  in  (he  ontogeny  of  individual  mammals  and  in  the  phytogeny  of  the 
vertet>rate».  Id  min  His  msnuins  thai  it  is  derived  from  the  epithelium  covering  the  Ibunb, 
third,  and  pan  of  the  second  branchial  cleft,  which  becomes  compressed  in  the  angle  lietween 
the  head  and  neck.  (More  recent  observers — Kaslocbeoko  and  otbers^-have thiown  some  donbc 
on  the  coirectneM  of  His's  observations  ;  proliably  there  are  conuderabte  differences  in  diRerenI 
classes  of  vertebrates,  but  all  are  now  agreed  that  the  original  thymus  is  an  epithelial  organ 
mainly  derived  fixim  the  epithelium  covering  the  gill-clefts.)  The  tube  of  epithelinm — sinus 
pnecervicslis — so  formed  grows  inwards,  branchii^  dicbotomonsly.  and  ramifying  in  the  coo- 
ncctive-tissue  liehind  the  sternum,  just  above  the  pericardium.  The  cells  forming  it  grow 
inwards  and  till  up  the  lumen  of  the  "  gland  "  and  at  last  of  the  duct  also.  By  this  epithelial 
ingrowth  the  same  condensation  of  connective. tissue  is  brought  about  as  in  the  tonsil,  and  in  the 
same  way  blood-vessels  appear  in  large  tiombers,  and  leucocytes  b^n  to  wander  out  of  the 
vessels,  are  detained  in  the  meshes  of  the  connective -tissue,  and  invade  the  nearly  functionlera  epthc. 
lial  gland  lobules.     The  cells  of  the  latter  proliferate,  and  the  older  cells  of  the  lobule  ai 


10  the  centre,  become  comilied,  and  present  very  moch  the  appearance  of  the  cell-oests  of  an 
epithelioma,  forming  the  so  called  "concentric  corpuscles  of  Hassall."     While  the  leacoc>'tes 
U  away  the  majority  of  the  epithelial  cells,  and  break  the  continuity  of  the  epithelial  tubes. 


these  comificd  structures  long  resist  their  attaches,  and  the  thymus  always  retains  the  lobular 
character  imparted  to  it  by  its  epithelial  precursor.  The  leucocytes  divide  rajudly  by  mitosis  in 
the  connective -tissue  surrounding  these  epithelial  remains,  though  no  true  "  germ  centres"  ere 
ever  Ibrmed.  The  complete  removal  of  the  "  concentric  corpuscles  "  by  the  leucocytes  leads  to 
the  disappearance  of  the  laUcr,  and  the  appearance  of  fat  in  the  position  of  the  thymus ;  bat 
Waldeyer  has  recently  shown  that  the  outward  form  of  the  thymus  is  always  preserved  in  this 
fatty  mass,  and  that  it  is  always  posuble  to  demonstrate  microscopicaUy  in  some  part  of  it  a 
remaining  leucocyte  iniiltraiian,  and  wfaeoever  this  is  at  all  well  marlied  it  will  be  foond  to 
surround  a  surviving  "  concentric  corpuscle  "  ((>■  L.  Gullaivi).'\ 

III.  The  Thyroid. — Structure. — The  gland  consists  of  lobes  and 
lobules  held  together  by  connective-tissue  rich  in  ceils.  Each  lobule  is  made 
up  of  numerous  completely  closed  sacs  (0.04  to  0.1  mm.  in  diameter), 
which  in  the  embryo  and  the  newly-born  animal  are  composed  of  a  mcmbiaiia 
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propria  lined  by  a  single  layer  of  nucleated  cubical  celts  (fig.  143).  The  sacs 
contain  a  transparent,  viscid,  albuminous  fluid.  [Not  unfrequently  the  sacs 
contain  many  colored  blood -corpuscles  (Bader)."]  Each  sac  is  surrounded  by 
a  plexus  of  capillaries  which  do  not  penetrate  the  membraiia  propria.  There 
are  also  Qumerous  lymphatics.  At  an  early  period  the  sacsdilalf,  theircellular 
lining  atrophies,  and  their  contents  undergo  colloid  degeneration.  When  the 
gland-vesicles  are  greatly  enlarged,  "goitre  "  is  produced. 

The  chemical  composition  of  ihis  gluid  has  not  been  mucb  investigated.  In  addition  to 
the  ordinary  Constituents,  leucin,  xanthin,  saikin,  laciic,  succinic,  and  volatile  falty  acids  have 
been  fan  ad. 

[Excision. — The  efTecta  difTer  according  to  )be  animal  operated  on.     This  gland  has  been 
excisnl  in  (he  bunun  subject  in  cases  of  goitre.     Revtrdia  potoled  out  that  a  peculiar  condition 
remlls,  called  cachexia  stumipriva,  and  praclically  the  human  being  becomes  a  crelio.    This 
operation   iherefoie   is   highly  qncslionable  when  perrormed  OD  man.      Rabbits  endare  the 
opentioD  well,  and  to  do  the  sheep,  calf,  aod  horse,  none  of  the  remarkable  sympioms  that 
occur  iQ  ibe  dog  and  monkey  being  manircsted  by  them.     In  pigeons  no  obvious  disluiiance  is 
prodaced  after  bilateral  cieiiion  oMhcsc  glandl,  so  that  they  do  nol  appiear  to  perform  any  import- 
anl  fnnclion  m  these  animals  (^/f.  £joa/J).     Of  doga,  cats,  and  foxes,  oaty  a  very  small  number 
surriTc;  nearly  all  die.     It  appears  therefore  that  hertiivora  bear  the  operation  and  suffer  fewer 
afier-eflects  than  camivora  {SanouirtcB  and    Orcechia).     The  immediate  effects  are  fibrillar 
contiactioiis,  which  ultimately  influence  the  gait  of  (he  animals,  convulsions,  aos^heua,  great 
diniination  of  aensibilily,  hiss  of  flesh,  redness  of  the  ears,  and  intense  heat  of  the  skin  (which 
dtsq>peKr  after  several  days),  difficulty  in  seiiing  and  eating  food,  kerato-conjunctivilis,  and 
frequently  disturbances  of  the  rhythm  of  re^ration  with  dyspnoea  and  spasms  of  the  a1>dominaI 
mnactes  {SeAiff).     The  arterial  blood  contains  abont  the  same  amount  of  O  as  venous  blood. 
Cenam  parts  of  the  peripheral  nerves  undergo  a  kind  of  d^encration  similar  to  (bat  fonnd 
after  nerre^t retching.     Thereisalbuminartaandfallof  (he blood-pressure.   Deathusually  occurs 
between  the  third  and  foonh  day, the  animals  being  comatose  {IVagtitr).     Schiff  found  that  if 
oae-balT  oi  the  gland  was  excised  at  once,  and  the  other  half  a  month  afterwards,  dealh  did 
not  occur;  but  Wagner  denies  this,  for  he  asserts  that  (be  remaining  half  hypertrophies,  and 
if  k  be  excised,  death  occurs  wilb  (be  uinal  symptoms.     In  monkeys,  five  days  after  the 
operHtioD,  there  are  symptoms  of  nervous  disturt>aiice.     The  aninialB  have  lost  their  appelite, 
there  are   Gbrillar  coutractious  of  the  muscles  of  the  face,  hands,  and  feet,  bat  the  tremon 
disappear  oo  voluntary  etfoit.     The  appetite  returns  and  is  increased,  but  notwithstanding,  the 
animal  growi  thin  and  pale ;  while  the  tremors  increase  and  affect  all  the  muscles  of  the  body. 
These  trODors  btt!  of  etntrai  origin,  because  (hey  disappear  on  dividing  the  nerve.    Thus 
tbcrc  is  profcuDd  alteratioD  of  the  moMr  powers.     Aneogst  the  auiwajii  aymptDms  are  pufli. 
nciE  of  the  eyeUds,  sveltlng  of  (he  abdo- 
men, increased  hebetude  and   dyspntca, 
while   afterwards   there  is  a  fall  of  (he 
temperatate  and  imbecility;   the  (remors 
din^ipeaT,  there  ia  a  pallor  of  the  skin,  and 
nltimately,  afier  live  to  seven  weeks,  the 
anjiMli  die  comMose.   Thus  tbeit  is  slow 
onset  of  hebetude,  terminating  in  imbe- 
cility.    Very  remarkable    changes  occur 
in  the  blood.  There  is  a  steady  fall  of  the  ^ 
Uood-preamre ;  a  diminution  of  the  red 
blood-COTpnscIe*,     or    rather     profound 
ansemia ;    lencocyth^emia,    (he    colorless 
corpuscles  being  increased  to  the  ratio  of 
(bar   to   fourteen ;  and   lastly  mucfb  Is 
present  in  the  blood,  allbough  normally  it 
is  not  so.  The  salivary  glands  are  hypertro- 
pbied,  owing  (o  the  presence,  of  mucin, 
which   is  fbond    even    in   the   parotid, 
allbongh  this  is  normally  a  serous  gland 
(J  141.)     The  swell ii^  of  the  abdomen 
U  doe  to  hypertrophy  of  the  f;rea(  omen- 
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floid,  and  the  spleen  is  also  enlarged.  Section  of  the  thyroid  gland,  a,  cloaed  vesicles; 
Thtu  these  symptoms  present  many  fea-  b,  distended  by  colloid  masses  and  lined  by  low 
lores  in  common  with  those  of  myxce.  columnar  e[Hthelium ;  ^,  inter-ve^colar  connective 
dema  aa  described  by  Ord  {v.  Hirrjley).']        tissue. 
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[Stages. — Horsley  distinguishes  three  stages.  In  the  first  or  neurotic  stage,  the  aoimals 
exhibit  constant  tremors,  8  per  second,  and  young  animals  do  not  appear  to  survive  this  stage. 
In  the  second  or  mucinoid  stage,  mucin  is  deposited  in  the  tissues  and  blood ;  this  change, 
however,  is  only  seen  to  perfection  in  monkejrs.  If  these  animals  be  kept  at  a  high  artifiaal 
temperature,  their  life  is  considerably  prolonged.  In  the  third,  Atrophic  or  marasmic  period, 
the  animals  die  of  marasmus,  while  they  lose  their  excess  of  mucin.  Age  seems  to  exert  an 
important  influence  in  thyroidectomy ;  young  dogs  survive  but  a  short  time,  while  old  dogs 
merely  exhibit  symptoms  of  indolence  and  incapacity ;  and,  as  a  matter  of  fact,  the  activity  of 
the  gland  seems  to  be  greatest  when  tissue-metabolism  is  most  acdve.l 

[The  following  table,  after  Horsley,  indicates  the  symptoms  that  follow  loss  of  the  function 
of  the  thyroid  gland. 


Stages. 

Duration. 

Symptoms. 

1 
Remarks. 

I.  Neurotic. 

I  to  2  weeks  in  dogs ; 

Tremors,  rigidity,  dysp- 

Yonng dogs  and  monkeys 

I    to   3   weeks    in 

noea. 

alike  die  at  this  stage. 

monkeys. 

II.  Mucinoid. 

^  to  I  week  in  dogs ; 

Commencing   hebetude 

Dogs  survive  only  to  the 

3    to    7    weeks   in 

and  mucinoid  degen- 

beginning of  this  stage,  1 

monkeys. 

eration  of  the  connec- 

monkeys die  at  the  end,  | 

tive-tissues. 

if  not  treated. 

III.  Atrophic. 

5  to  8  weeks  in  mon- 

Complete imbecility  and 

Monkejrs  survive  accord- 

keys. 

atrophy  of  all  tissues. 

ing  to  the  temperature' 

of  the  air-bath ' 

1 

■ 

especially  muscles. 

Functions^ — The  functions  of  the  thyroid  gland  are  very  obscure.  Perhaps  it  may  be  an 
apparatus  for  regulating  the  blood-supply  to  the  head  (?).  It  becomes  enlarged  in  Basedow's 
disease,  in  which  there  is  great  palpitation,  as  well  as  protrusion  of  the  eyeballs  or  exophthalmos, 
which  seem  to  depend  upon  a  simultaneous  stimulation  of  the  accelerating  nerve  of  the  heart, 
and  the  sympathetic  fibres  of  the  smooth  muscles  in  the  orbital  cavity  and  the  eydids,  as  well 
as  of  the  inhibitory  fibres  of  the  vessels  of  the  thyroid.  In  many  localities  it  b  common  to  find 
swelling  of  the  thjrroid  constituting  goitre,  which  is  sometimes,  but  far  fix>m  invariably,  associ- 
ated with  idiocy  and  cretinism.  [Horsley  finds  that  its  removal  is  the  essential  cause  of 
myxoedema  and  cretinism.  He  regards  it  (i)  as  a  blood-forming  gland,  so  that  it  has  a  baema- 
poietic  funaion,  but  Gibson  finds  no  grounds  for  supporting  this  view.  During  the  anaemia 
resulting  from  its  removal,  the  blood  of  the  thyroid  vein  contains  7  per  cent,  more  red  blood- 
corpuscles  than  the  corresponding  anery  (Horsiey).  (2)  It  seems  to  regulate  the  formation  of 
mucin  in  the  body.  After  its  removal  the  normal  metabolism  is  no  longer  maintained,  and 
there  is  a  corresponding  increasingly  defective  condition  of  nutrition.] 

According  to  Rogowiisch,  the  function  of  the  thyroid  is  to  neutralize  a  substance  produced  in 
the  body,  which,  if  it  accumulated,  would  act  as  a  poison  on  the  central  nervous  S3rstem 

[Transplantation  of  the  Thyroid. — Part  of  the  thyroid  of  animals  has  been  transplanted  to 
the  abdominal  cavity  and  under  the  skin,  but  apparently,  when  so  transplanted,  fails  to  exercise 
any  beneficial  influence  in  cases  of  myxoedema.] 

In  the  Tunicata,  this  gland,  represented  by  a  groove,  secretes  a  digestive  fluid.  In  vertebrates 
it  is  an  organ  which  has  undergone  a  retrograde  change  ( Gegenbaur), 

IV.  The  Suprarenal  Capsules. — Structure. — These  organs  are  invested 
by  a  thin  capsule  which  sends  processes  into  the  substance  of  the  organ. 
They  consist  of  an  outer  (broad)  or  cortical  layer  and  an  inner  (narrow)  or 
medullary  layer  (fig.  144).  The  former  is  yellowish  in  color,  firm  and  striated, 
while  the  latter  is  softer  and  deeper  in  tint.  In  the  outermost  zone  of  the 
cortex  (fig.  145),  the  trabecular  form  polygonal  meshes,  which  contain  the 
cells  of  the  gland -substance;  in  the  broader  middle  zone  the  meshes  are  elong- 
ated, and  the  cells  filling  them  are  arranged  in  columns  radiating  outwards. 
Here  the  cells  are  transparent  and  nucleated,  often  containing  oil-globules ;  in 
the  innermost  narrow  zone  the  polygonal  arrangement  prevails,  and  the  cells 
often  contain  yellowish-brown  pigment.  [Immediately  under  the  capsule  the 
cells  are  arranged  in  rounded  groups — zona  glomerulosa  ;  next  to  this  the 
cells  are  arranged  in  columns,  forming  the  widest  zone  or  zona  fasciculata, 
while  next  the  medulla  is  the  zona  reticularis  (fig.  145).]  In  the  medulla 
the  stroma  forms  a  reticulum  containing  groups  of  cells  of  very  irregular  shape. 
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Numerous  blood-vessets  occur  in  the  gland,  especially  in  the  cortex.  [The 
nerves  are  extremely  numerous,  and  are  derived  from  the  renal  and  solar 
plexuses.  Many  of  the  fibres  are  medullated.  After  they  enter  the  gland, 
numerous  ganglionic  cells  occur  in  the  plexuses  which  they  form.  Indeed,  some 
observer?  regard  the  cells  of  the  medulla  as  nervous.  Undoubtedly,  numerous 
mtuUipolar  nerve-celb  exist  within  the  gland.] 

Ctaemicat  Coropoaition.- — The  supnrcDals  contain  ihe  conilituents  of  connedive-  and  nerve- 
dmie;  also  lucin,  hypoxaotbia,  bcDioic,  bippuric,  and  laurochotic  acids,  Caurin,  iaoiit,  bU,  and 
a  body  which  bccotnei  pigmented  by  oxidation.  Amongst  iooi^nic  sobslances  potash  and  phos- 
phoric acid  are  most  abundant. 

[Poisanoua  Extract. — Foa  and  Pellacani  showed  that  a  watery  exiraci  of  Ihe  suprarenal 
'    is  poisonous  10  dogt,  rabbits,  and  frogs.     Marino-zuco  has  shown  that  the  toiic  base  ia 


The  function  of  the  auprarenal   bodies  is  very  obscure.     It  is  noticeable,  however,  that 


Corui      Medulla.    Vein.  1.  s.  mn. 

Fig.  144. 
Part  of  the  suprarenal  '''B-  '45- 

apsule  of  a  child  X  15.  T.  S.,  human  supiarenal  capsule  X  50. 

in  Addiaoa'a  disease,  or  "bronzed  skin."  which  is  perhaps  primarily  a  nervous  affection, 
th«se  glands  have  frequently,  but  not  inTsriablj,  been  found  lo  l>e  diseased.  Owing  to  the 
injtu?  to  adjacent  abdominal  oi^ns,  extirpation  of  these  organs  is  often,  although  not  always, 
lata];  in  dogs  pigmented  patches  hnT<  been  found  in  the  skin  near  the  moulh.  [Tizzoni  has 
(oond  that  many  months  aflei  the  excision  of  one  or  both  suprsrenali  in  dogs  and  rabbits,  there 
is  a  profound  alteration  of  the  Central  nervous  system.  Thtre  is  degeneration  of  the  medullated 
nerve-fibres  of  certain  parts  of  the  cortex  and  while  matter,  and  also  of  the  gray  and  white 
maner  of  the  conl.  In  the  latter  Goll's  column  is  specially  affected,  but  the  degenerated  fibres 
aie  by  no  means  confined  to  il.J  Bro*n-S4quard  ttiinks  Ihey  may  be  concerned  in  preventing 
the  over-production  of  pigment  Jo  the  blood. 

[Spectrum. — ^MacMunn  finds  that  the  medulla  of  the  suprarenal  bodies  (in  man,  cat,  dog, 
gninea-pig,  rat,  etc.)  gives  the  spectrum  of  hfemochromogen  (3  iM),  while  the  cortex  shows  thai 
of  what  he  calls  hittoheetnatin,  Ihe  latter  being  a  group  of  respiratory  pigments.  He  finds 
[bat  hf  mochromogen  is  only  Ibund  in  excretory  organs  (the  bile,  the  liverl,  hence  he  regards 
the  medulla  as  excretory,  so  that  part  of  the  function  of  the  adrenals  may  be  "  to  metamor- 
phose effete  bxmt^lotnn  or  b^maiin  into  hxmocbromogen,"  and  when  they  are  diseased,  the 
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effete  pigmeDt  is  not  removed,  hence  the  pigmentation  of  the  skin  and  mucous  membranes. 
Taurocholic  add  has  been  found  in  the  medulla  by  Vulpian,  and  pyrocatechin  by  Krukenberg. 
MacMunn  believes  that  **  they  have  a  large  share  in  the  downwanl  metamorphosis  of  coloriDg 
matter."] 

V.  Hypophysis  Cerebri — Coccygeal  and  Carotid  Glands. — The  hy- 
pophysis cerebri,  or  pituitary  body,  consists  of  an  anterior  lower  or  larger 
lobe,  partly  embracing  the  posterior  lower  or  smaller  lobe.  These  two  lobes 
are  distinct  in  their  structure  and  development  The  posterior  lobe  is  a  part 
of  the  brain,  and  belongs  to  the  infundibulum.  The  nervous  elements  are 
displaced  by  the  ingrowth  of  connective-tissue  and  blood-vessels.  The  anterior 
portion  represents  an  inflected  and  much  altered  portion  of  ectoderm,  from 
which  it  is  developed.  It  contains  gland-like  structures,  with  connective- 
tissue,  lymphatics,  and  blood-vessels,  the  whole  being  surrounded  by  a  capsule. 
According  to  Ecker  and  Mihalkowicz,  it  resembles  the  suprarenal  capsule  in 
its  structure,  while,  according  to  other  observers,  in  some  animals  it  is  more 
like  the  thyroid.     Its  functions  are  entirely  unknown. 

[Excision. — Horsley  has  removed  this  gland  twice  successfully  in  dogs,  which  lived  from 
five  to  six  months.  No  nervous  or  other  symptoms  were  noticed,  but  when  the  ccniex  of  the 
brain  was  exposed  and  stimulated,  a  great  increase  in  the  excitability  of  the  motor  regions  was 
induced,  even  slight  stimulation  being  followed  by  violent  tetanus  and  prolonged  epilepsy.] 

Coccygeal  and  Carotid  Glands. — The  former,  which  lies  on  the  tip  of  the  coccyx,  is  com- 
posed to  a  large  extent  of  plexuses  of  small,  more  or  less  cavernous  arteries,  supported  and 
enclosed  by  septa  and  a  capsule  of  connective-tissue  (Luschkd).  Between  these  lie  polyhedral 
granular  cells  arranged  in  networks.  The  carotid  gland  has  a  similar  structure  (p.  92).  Their 
functions  are  quite  unknown.  Perhaps  both  organs  maybe  regarded  as  the  remains  of  embryonal 
blood-vessels  (Amo/tt). 

Z04.  COMPARATIVE.— The  heart  in  fishes  (fig.  146,  I),  as  well  as  in  the  larvae  of 
amphibians  with  gilb,  is  a  simple  venous  heart,  consisting  of  an  auricle  and  a  ventricle.  The 
ventricle  propels  the  blood  to  the  gills,  where  it  is  oxygenated  (arterialized);  thence  it  passes 
into  the  aorta  to  be  distributed  to  all  parts  of  the  body,  and  returns  through  the  capillaries  of 
the  body  and  the  veins  to  the  heart.  The  amphibians  (frogs)  have  two  auricles  and  one 
ventricle  (Frog,  II).  From  the  latter  there  proceeds  one  vessel  which  gives  off  the  pulmonary 
arteries,  and  as  the  aorta  supplies  the  rest  of  the  body  with  blood,  the  veins  of  the  systemic 
circulation  carry  their  blood  to  the  right  auricle,  those  of  the  lung  into  the  left  auricle.  In 
fishes  and  amphibians  there  is  a  dilatation  at  the  commencement  of  the  aorta,  the  bulbus  arteriosns, 
which  is  partly  provided  with  strong  muscles.  The  reptiles  (III)  possess  two  separate  auricles, 
and  two  imperfectly  separated  ventricles.  The  aorta  and  pulmonary  artery  arise  separately  from 
the  latter  two  chambers.  The  venous  blood  of  the  systemic  and  pulmonary  circulations  fbws 
separately  into  the  right  and  left  auricles,  and  the  two  streams  are  mixed  in  the  ventricle.  In 
some  reptiles  the  opening  in  the  ventricular  septum  seems  capable  of  being  closed.  The  com- 
plete separation  of  the  ventricle  into  two  is  seen  in  iig.  IV,  in  the  tortobe.  The  lower  vertebrates 
have  valves  at  the  orifices  of  the  venae  cavae,  which  are  rudimentary  in  birds  and  some  mammals. 
All  birds  and  mammals  have  two  completely  separate  auricles  and  two  separate  ventricles. 
In  the  halicore  the  apex  of  the  ventricles  is  deeply  cleft.  Some  animals  have  accessory  hearts, 
e,^.,  the  eel  in  its  caudal  vein.  They  are  very  probably  lymph-hearts  {^o^n).  The  veins  of 
the  wing  of  the  bat  pulsate  {Schiff).  The  lowest  vertebrate,  amphioxus,  has  no  heart,  but 
only  a  rhythmically-pulsating  vessel. 

Amongst  blood-glands,  the  thymus  and  spleen  occur  throughout  the  vertebrata,  the  latter 
being  absent  only  in  amphioxus  and  a  few  fishes. 

Amongst  invertebrata  a  closed  vascular  system.,  with  pulsatile  movement,  occurs  here  and 
there,  e.g.^  amongst  echinodermata  (star-Bshes,  sea. urchins,  holothurians)  and  the  higher 
worms.  The  insects  have  a  pulsating  **  dorsal  vesseV*  as  the  central  organ  of  the  circuladon, 
which  is  a  contractile  tube  provided  with  valves  and  dilated  by  muscular  action ;  the  blood  being 
propelled  rhythmically  in  one  direction  into  the  spaces  which  lie  anoongst  the  tissues  and  organs, 
so  that  these  animals  do  not  possess  a  closed  vascular  system.  The  moUusca  have  a  heart  with 
a  lacunar  vascular  system.  The  cephalopods  (cuttle-fish)  have  three  hearts— a  ample  arterial 
heart,  and  two  venous  simple  gill-hearts,  each  placed  at  the  base  of  the  gills.  The  vessels 
form  a  completely  closed  circuit.  The  lowest  animals  have  either  a  pulsatile  vesicle,  which 
propels  the  colorless  juice  into  the  tissues  (infusoria),  or  the  vascular  apparatus  may  be  entirely 
absent. 
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105.  HISTORICAL  RBTR08PBCT.— The  andcDts  held  various  theoriei  regarding  the 
moTCincnt  of  ihe  blood,  but  they  knew  nothing  of  iu  cireulatiim.  Accordii^  to  Aristotle  (384. 
B.C.),  the  heart,  the  acropolis  of  Ihe  body,  prepared  in  ila  caiilies  the  blood,  which  streamed 
through  the  uteries  as  a  nulrienl  fluid  to  all  paita  of  the  body,  but  nevei  returned  10  the  heart. 
With  Herophilua  and  Erasiattatus  (300  B.C.],  the  celebrated  physicians  of  the  Alexandrian 
adtoal,  originated  the  erroneous  view  that  the  arteries  contain  air,  whicli  was  lupplied  to  than 
bj  the  respiration  {hence  the  name  aritry).  They  were  led  to  adopt  this  liew  from  the  emptjr 
condinoo  oT  the  arteries  after  death.  By  eiperimeals  upon  animals,  Galen  diq>roved  this  view 
(131-301  A.D.) — "  Whenever  I  injured  an  artery,"  he  says,  "  blood  always  flowed  from  the 
wounded  lessel.  On  tying  part  of  an  artery  between  two  ligatures,  the 
part  of  the  artery  so  included  is  always  filled  with  blood." 

Still,  the  idea  of  a  sii^;lc  ctnlh/ugal  movement  of  the  blood  was  retained, 
and  it  wag  aaumed  thai  the  right  and  left  sides  of  the  hian  communicated 
direclty  by  means  of  openings  in  the  septum  of  the  heart,  until  Vesalius 
showed  that  there  are  no  openings  in  the  septum.  Michael  Scrvetui  (a 
Spanish  monk,  burned  at  Genera,  at  Calvin's  instigation,  in  1555)  discovered 


Fig.  146. 

Schemata  of  the  drcnlation.    I.  Fhk. — A,  auriele;  .S,  sinus  venosus;    K,Tenttic1e;  A,  bulbus 

aottx  ;  f,  branchial  arteries;  ),  branchial  veitsels ;   )'i>,  branchial  veins;  £,  circulus  cephlli- 

cns  Bortip ;  F,  common  aorta ;   G,  caudal  artery ;  N,  dnct  of  Cuvier ;  /,  anterior,  and  JC, 

fxMterior  cardinal  veins;  £,  caudal  vein;  M,  M,  kidneys.     II.  Frag. — I,  sinus  venoaus ; 

II,  and  III,  T^ht  and  left  auricles;  IV,  ventricle;  V,  aorta  with  the  bulb;  I,pulnK»iary 
artcriei;  3,  arch  of  the  aorta;  3,  carotid;  4,  lingual;  5,  carotid  gland,  and  6,  axillary 
Biteiies;  7,  common  aorta;  8,  Ctcliac  artery;  9,  cutaneous  artery;  f't,  puhnonary  veins; 
/t./),  lungs.      III.  Saur-ians.—\,  right   auricle,  with  the   venae  cavx;  II,  right  ventricle; 

III,  left  auricle;  IV,  left  ventricle;  V,  anterior  common  aorta  ;  1,  pulmonary  artery ;  z, arch 
of  tbe  aorta;  3,  carotid  artery;  4,  posterior  Common  aorta;  5,  cceliac,  and  6,  subclavian, 
arteries;  7,  pulmonary  veins;  8,  lungs.  IV.  Terlaiie.—l,  right  auricle  with  the  vena 
ovx;  II,  right,  and  IV,  left  ventricles;  til,  left  auricle;  I  and  2,  right  and  left  aortx;  3, 
posterior  common  aorta ;  4,  (Mliac ;  j,  subclavian ;  6,  carotid,  and  7,  pulmonary  arteriea ; 
8,  pnlmoDary  veins. 

the  pulmonary  circuhition.  Cesalpinus  confirmed  this  observation,  and  named  it  "CircuUlio." 
Fabricins  ab  Aqtupendente  (Padua,  1574)  investigated  the  valves  in  the  veins  more  carefully 
(aitfaoogh  tbey  were  known  in  the  5lh  century  to  Theodoretus,  Bishop  in  Syria),  and  he  was  ac- 
qaainied  with  the  fnUVrjSr/a/ movement  of  the  blood  in  the  veins.  Up  to  this  lime  il  was  imagined 
UMI  the  veins  carried  blood  from  tbe  centre  to  the  periphery,  although  Vesalius  was  acquainted 
with  the  centripetal  direction  of  the  blood-siream  in  the  1>rg«  venous  trunks.  At  length  Witliam 
Harvey,  who  was  a  pupil  of  Fabricius  (1604),  demonstrated  the  complete  dtculatioii  (1616- 
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16 1 9),  and  published  his  great  discovery  in  1628.  [For  the  history  of  the  discovery  of  the  drca- 
lation  of  the  blood,  see  the  works  of  Willis  on  *'  W.  Harvey/'  **  Servetus  and  Calvin,"  those  of 
Kirchner,  and  the  various  Harveian  orations.] 

According  to  Hippocrates,  the  heart  is  the  origin  of  all  the  vessels ;  he  was  acquainted  with 
the  large  vessels  arising  from  the  heart,  the  valves,  the  chordae  tendineae,  the  auricles,  and  the 
closure  of  the  semi-lunar  valves.  Aristotle  was  the  first  to  apply  the  terms  aorta  and  venae  cavae ; 
the  school  of  Erasistratus  used  the  term  carotid,  and  indicated  the  functions  of  the  venous 
valves.  In  Cicero  a  distinction  is  drawn  between  arteries  and  veins.  Celsus  mentions  that  if  a 
vein  be  struck  below  the  spot  where  a  ligature  has  been  applied  to  a  limb,  it  bleeds,  while 
Aretseus  (50  a.d  )  knew  that  arterial  blood  was  bright,  and  venous  blood  dark.  Pliny  (f  79 
A.D.)  described  me  pulsating  fontanelle  in  the  child.  Galen  (131--203  a.d.)  was  acquainted 
with  the  existence  of  a  bone  in  the  septum  of  the  heart  of  large  animals  (ox,  deer,  elephant).  He 
also  surmised  that  the  veins  communicated  with  the  arteries  by  fine  tubes.  The  demonstration 
of  the  capillaries,  however,  was  only  possible  by  the  use  of  the  microscope,  and  employing 
this  instrument,  Malpighi  (1661)  was  the  first  to  demonstrate  the  capillary  circulation.  Leuwen- 
hoek  (1674)  described  the  capillary  circulation  more  carefully,  as  it  may  be  seen  in  the  web  of 
the  frog's  foot  and  other  transparent  membranes.  Blanchard  (1676)  proved  the  existence  of 
capillary  passages  by  means  of  injections.  William  Cooper  (1697)  proved  that  the  same  con- 
dition exists  in  warm-blooded  animals,  and  Ru3rsch  made  similar  injections.  Stenson  (bom  1638) 
established  the  muscular  nature  of  the  heart,  although  the  Hippocratic  and  Alexandrian  schools 
had  already  surmised  the  fact.  Cole  proved  that  the  sectional  area  of  the  blood-stream  became 
wider  towards  the  capillaries  (1681).  Joh.  Alfons  Borelli  ( 1 608-1 679)  was  the  first  to  estimate 
the  amount  of  work  done  by  the  heart. 


Physiology  of  Respiration. 


The  object  of  respiration  is  twofold,  viz.,  to  supply  the  oxygen  necessary 
for  the  oxidation  processes  that  go  on  in  the  body,  as  well  as  to  remove  the 
carbon  dioxide  formed  within  the  body.  [Tissue-life  implies  the  continuous 
and  constant  supply  of  oxygen,  and  hence  in  mammals  and  the  higher  verte- 
brates the  lungs  are  refettively  very  krge,  and  yield  a  free  supply  of  oxygen.] 
The  most  important  organs  for  this  purpose  are  the  lungs.  There  is  an  outer 
aud  an  inner  respiration — the  former  embraces  the  exchange  of  gases  be- 
tween the  external  air  and  the  blood-gases  of  the  respiratory  organs  (lungs  and 
skin) — the  latter,  the  exchange  of  gases  between  the  blood  in  the  capillaries  of 
the  systemic  circulation  and  the  tissues  of  the  body. 

[The  pulmonary  apparatus  consists  of  (i)  an  immense  number  of  small  sacs — 
the  air-vesicles — filled  with  air,  and  covered  externally  by  a  very  dense 
plexus  of  capillaries ;  (2)  the  air-passages — the  nose,  pharyx,  larynx,  trachea, 
and  bronchi  communicating  with  (i) ;  (3)  the  thorax  with  its  muscles,  acting 
like  a  pair  of  bellows,  and  moving  the  air  within  the  lungs.] 

106.  STRUCTURE  OF  THE  AIR-PASSAGES  AND  LUNGS. 
— ^The  lungs  are  compound  tubular  glands,  which  separate  CO,  from  the  blood. 
Each  lung  is  provided  with  an  excretdry  duct  (bronchus)  which  joins  the  com- 
mon respiratory  passage  of  both  lungs — the  trachea. 

Trachea. — The  trachea  and  extra-pulmonary  bronchi  are  similar  in  struc- 
ture. The  basis  of  the  trachea  consists  of  16-20  C-shaped  incomplete  carti- 
laginous hoops  placed  over  each  other.  These  rings  consist  of  hyaline  cartilage,, 
and  are  united  to  each  other  by  means  of  tough  fibrous  tissue  containing  much 
elastic  tissue,  the  latter  being  arranged  chiefly  in  a  longitudinal  direction. 
The  function  of  the  cartilages  is  to  keep  the  tube  open  under  varying  con- 
ditions of  pressure.  Pieces  of  cartilage  having  a  similar  function  occur  in  the 
bronchi  and  their  branches,  but  they  are  absent  from  the  bronchioles,  which- 
are  less  than  i  mm.  in  diameter.  In  the  smaller  bronchi,  the  cartilages  are 
fewer  and  scattered  more  irregularly.  [In  a  transverse  section  of  a  large  intra- 
pulmonary  bronchus,  two,  three,  or  more  pieces  of  cartilage,  each  invested 
by  its  perichondrium,  may  be  found.]  At  the  points  where  the  bronchi  sub- 
divide, the  cartilages  assume  the  form  of  irregular  plates  embedded  in  the 
bronchial  wall. 

An  external  fibrous  layer  of  connective  tissue  and  elastic  fibres  covers  the 
trachea  and  the  extra-pulmonary  bronchi  externally.  Towards  the  oesophagus, 
the  elastic  elements  are  more  numerous,  and  there  are  also  a  few  bundles  of 
plain  muscular  fibres  arranged  longitudinally.  Within  this  layer  there  are  bundles 
of  non-striped  muscular  fibres  which  pass  transversely  between  the  cartilages 
behind,  and  also  in  the  intervals  between  the  cartilages.  [These  pale  reddish 
fibres  constitute  the  trachealis  muscle,  and  are  attached  to  the  inner  sur- 
faces of  the  cartilages  at  a  little  distance  from  their  free  ends.  The  arrange- 
ment varies  in  different  animals — thus,  in  the  cat,  dog,  rabbit,  and  rat  the  mus- 
cular fibres  are  attached  to  the  external  surfaces  of  the  cartilages,  while  in  the 
pig,  sheep,  and  ox  they  are  attached  to  their  infema/ surfaces  {Siirling).']    Some 
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muscular  fibres  are  arranged  longitudinally  external  to  the  tTansverse  fibres. 
The  function  of  these  muscular  fibres  is  to  prevent  too  great  distention  when 
there  is  great  pressure  within  the  air-passages. 

The  mucous  membrane  of  the  trachea  consists  of  a  basis  of  very  fine 
connective-tissue,  containing  much  adenoid  tissue  with  numerous  lymph-cor- 
puscles. Numerous  elastic  fibres 
are  arranged  chiefly  in  a  longi- 
tudinal direction  under  the  base- 
ment membrane.  They  are  also 
abundant  in  thedecp  layers  of  the 
posterior  part  of  the  membrane 
'  opposite  the  intervals  between  the 
I  cartilages.  A  small  quantity  ol 
loose  submucous  connective 
tissue  containing  the  large  blood- 
vessels, glands,  and  lymphatics 
unites  the  mucous  membrane  to 
the  perichondrium  of  the  carti- 
» lages.  The  epithelium  consists 
of  a  layer  of  columnar  ciliated 
cells  with  several  layers  of  imma- 
ture cells  under  them.  [The 
superficial  layer  of  cells  is  colurn- 
nar  and  ciliated  (tig.  147,  6), 
while  those  lying  under  them 
present  a  variety  of  forms,  and 
below  all  is  a  layer  of  somewhat 
flattened  squames,  f,  resting  on 
the  basement  membrane,  li.  These 
squames  constitute  a  layer  quite 
distinct  from  the  basement  mem- 
brane, and  they  form  the  layer 
described  as  D^bove's  mem- 
*  '*'■  brane.    They  are  active  germin- 

Tranivenesectioa of  partof  ahuman broiichus(X45o).  atine  cells   and  plav  a  most   im- 

a,  precipitBled  mucui;  i,  ciliated  columnar  epithe- .__,. '»   :„    „ _„.: „.:.i. 

liu^.rd^pKermitiaHa^crofcdkCDSbove'^mem.  Pff'^nt  I«"   '"   Connection  with 

brane);  a-,  elastic   baaemeot  memt»>nei   *,  elastic  the   regeneration   of   the    epithc- 

fibres  divided  iranivenely  (inner   fibrous   layer);/,  Hum,  after  the  superficial    layetS 

bronchial  muscle ;  ^,  outer  fibrous  layer  with  leuco-  have  been  shed,  in   such   condi- 

eyiea  and  pigment  gianulM  (black)  bdow  a  mass  of  (ions  as   bronchitis.      Not   unfre- 

adenoid  nssue.  quently  a  little  viscid  mucus  (a) 

lies  on  the  free  ends  of  the  cilia.     In  the  intermediate  layer,  the  cells  are  more 

or  less  pyriform  or  battledore-shaped,  with  their  long  tapering  process  inserted 

amongst  the  deeper  layers  of  cells.     According  to  Drasch,  this  long  process  is 

attached  to  one  of  these  cells  and  is  an  outgrowth  from  it,  the  whole  constituting 

a  "foot-cell."] 

Under  the  epithelium  is  the  homogeneous  basement  membrane,  through 
which  fine  canals  pass,  connecting  the  cement  of  the  epithelium  with  spaces 
in  the  mucosa.  [This  membrane  is  well  marked  in  the  human  trachea,  where 
it  plays  an  important  part  in  many  pathological  conditions,  ^.  ^.,  bronchitis. 
It  is  stained  bright  red  with  picrocarmine.]  The  cilia  act  so  as  to  carry  any 
secretion  towards  the  larynx.  Goblet  cells  exist  between  the  ciliated  columnar 
cells.  Numerous  small  compound  tubular  mucous  glands  occur  io  the 
mucous  membrane,  chiefly  between  the  cartilages.     Their  ducts  open  on  the 
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surface  by  means  of  a  slightly  funnel-shaped  aperture,  into  which  the  ciliated 
epithelium  is  prolonged  for  a  short  distance.  [The  acini  of  some  of  these 
glands  lie  outside  the  trachealis  muscle.  The  acini  are  lined  by  cubical  or 
columnar  secretory  epithelium.  In  some  animals  (dog)  these  cells  are  clear, 
and  present  the  usual  characters  of  a  mucus-secreting  gland ;  in  man,  some  of 
the  cells  may  be  clear,  and  others  **  granular,"  but  the  appearance  of  the  cells 
depends  upon  the  physiological  state  of  activity.]  These  glands  secrete  the 
mucus,  which  entangles  particles  inspired  with  the  air,  and  is  carried  towards 
the  larynx  by  ciliary  action.  [Numerous  lymphatics  exist  in  the  mucous  and 
sub-mucous  coat,  and  not  unfrequently  small  aggregations  of  adenoid  tissue 
occur  (especially  in  the  cat)  in  the  mucous  coat,  usually  around  the  ducts  of  the 
glands.  They  are  comparable  to  the  solitary  follicles  of  the  alimentary  tract. 
The  blood-vessels  are  not  so  numerous  as  in  some  other  mucous  membranes. 
[A  plexus  of  nerves  containing  numerous  ganglionic  cells  at  the  nodes  exists 
on  the  posterior  surface  of  the  trachealis  muscle.  The  fibres  are  derived  from 
the  vagus,  recurrent  laryngeal,  and  sympathetic  (C  Frankenhauser^  W,  Stir- 
iingf  Kandarazi).'] 

[The  mucous  membrane  of  the  trachea  and  extra-pulmonary 
bronchi,  therefore,  consists  of  the  following  layers  from  within  outwards  : — 

(i)  Stratified  columnar  ciliated  epithelium. 

(2)  A  layer  of  flattened  cells  (D^bove's  membrane). 

(3)  A  clear  homogeneous  basement  membrane. 

(4)  A  basis  of  areolar  tissue,  with  adenoid   tissue  and  blood-vessels,  and 

outside  this  a  layer  of  longitudinal  elastic  fibres. 

Outside  this,  again,  is  the  sub-mucous  coat,  consisting  of  loose  areolar 
tissue,  with  the  larger  vessels,  lymphatics,  nerves,  and  mucous  glands.] 

[The  Bronchi. — In  structure  the  extra  pulmonary  bronchi  resemble  the 
trachea.  As  they  pass  into  the  lung  they  divide  very  frequently,  and  the 
branches  do  not  anastomose.  In  the  intra-pulmonary  bronchi  the  sub- 
divisions become  finer  and  finer,  the  finest  branches  being  called  terminal 
bronchi,  or  bronchioles,  which  open  separately  into  clusters  of  air-vesicles.] 

[Eparterial  and  Hyparterial  Bronchi. — As  the  bronchi  proceed,  one 
main  trunk  passes  into  the  lung,  running  towards  its  base,  and  from  it  are  given 
off  branches  dorsally  and  ventrally,  and  these  branches  again  subdivide.  In 
man  one  main  branch  comes  off  from  the  right  bronchus  and  proceeds  to  the 
upper  right  lobe,  above  the  place  where  the  pulmonary  artery  crosses  the 
bronchus.  Such  branches  are  called  eparterial^  and  they  are  more  numerous 
in  birds.  In  man,  all  the  branches,  both  on  the  right  and  left  side,  come  off 
below  the  point  where  the  pulmonary  artery  crosses  the  bronchus,  and  are  called 
hyparterial  bronchi  (  C.  Aeby).'] 

[In  the  middle-sized  intra-pulmonary  bronchi  the  usual  characters  of  the 
mucous  membrane  are  retained,  only  it  is  thinner  ;  the  cartilages  assume  the 
form  of  irregular  plates  situated  in  the  outer  wall  of  the  bronchus ;  while  the 
muscular  fibres  are  disposed  in  a  complete  circle,  constituting  the  bronchial 
muscle  (fig.  147,/).  When  this  muscle  is  contracted,  or  when  the  bronchus 
as  a  whole  is  contracted,  the  mucous  membrane  is  thrown  into  longitudinal 
folds,  and  opposite  these  folds  the  elastic  fibres  form  large  elevations.  This 
muscle  is  particularly  well  developed  in  the  smaller  microscopic  bronchi. 
Numerous  elastic  fibres,  ^,  disposed  longitudinally,  exist  under  the  basement 
membrane,  d.  They  are  continuous  with  those  of  the  trachea,  and  are  pro- 
longed onwards  mto  the  lung.  The  mucous  membrane  of  the  larger  intra- 
pulmonary  bronchi  consists  of  the  following  layers  from  within  outwards : — 
(i)  Stratified  columnar  ciliated  epithelium  (fig.  147,  b). 
(2)  D^bove's  membrane  (fig.  147,  c). 
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(3)  Transparent  homogeneous  basement  membrane  (fig.  147,  d). 

(4)  Areolar  tissue  with  longitudinal  elastic  fibres  (fig.  147,  e). 

(5)  A  continuous  layer  of  non-striped  muscular  fibres  disposed  circularly 
(bronchial  muscle,  ^%.  \^i,f). 

Outside  this  is  the  sub-mucous  coat,  consisting  of  areolar  tissue  mixed  with 
much  adenoid  tissue  (fig.  1 47,  g),  sometimes  arranged  in  the  form  of  cords,  the 
lymph -follicular    cords.     It    also    contains    the   acini    of   the    numerom 
mucous  glands,  blood-vessels,  and  lymphatics.     The  ducts  of  the  glands 
perforate  the  muscular  layer,  and  open  on  the  free  surface  of  the  mucous  mem- 
brane.    The  sub-mucous  coat  is  connected  by  areolar  tissue  with  the  perichon- 
drium of  the  cartilages.    Outside  the  cartilages  are  the  nerves  and  nerve- 
ganglia  accompanying  the  bronchial  vessels, 
ranches  of  the  pulmonary  artery  and 
:  pulmonary  vein   usually  lie  on  op- 
sides  of  the  bronchus,  while  there  are 
I  branches  of  the  bronchial  arteries 
eins.     Pat  cells  also  occur  in  the 
ronchial  tissue.] 

he  small  bronchi  the  cartilages  and 
;  disappear,  but  the  circular  muscnlar 
are  well  developed.  They  are  lined 
rer  columnar  ciliated  epithelium,  cod- 
j  goblet- cells. 

e  bronchi  when  traced  into  the  lung 
more  or  less  dichotomously,  and  ran 
ni  the  lobules,  constituting  inter- 
ar  bronchi,  and  accompanied  by 
ics  of  the  pulmonary  artery  and  vein, 
■ranches  become  smaller  and  smaller 
hey  end  finally  in  terminal  bronchi 
I  mm.  in  diameter).  These  terminal 
hi  or  lobular  bronchi  open  into  the 
Fig.  148.  apex  of  a  lobule.     As  they  pass  into  the 

TenDinalioD  or  ■  bronchiole  and  of  a  pul-  lobule  they  give  off,  usually  at  nearly  a  right 
■nonary  arteriole  prepared  by  corrosion  angle,  several  branches — the  intra-lobular 
and  magnified  by  a  hand  lens.  A.bron-  Jjronchi  —  or  bronchioles,  sometimes 
chiole;  B.branch  of  pulmonary  artery.  ^^^^^  ^^  ^  alvcolar  passages.  These 
alveolar  passages  are  beset  on  all  sides  by  air-cells.  Each  bronchiole  opens  into 
one  or  two  wider  passages,  having  the  shape  of  an  inverted  cone,  called  an 
infundibulum  (fig.  149, 1),  with  delicate  walls,  and  beset  with  air-vesicles, 
air-cells  or  alveoli  (fig.  149).  The  cup-shaped  air-vesicles  open  into  the  in- 
fundibulum, but  do  not  communicate  with  each  other.  The  infundibula  are 
much  wider  than  the  bronchioles  and  also  than  the  alveoli.  Each  terminal 
bronchiole  with  its  infundibula  and  air-vesicles  constitutes  an  acinus  or 
lobulet,  and  all  the  lobulels  connected  with  a  terminal  bronchus  make  up  a 
single  lobule.  The  lobules  are  arranged  with  their  bases  externally,  and  are 
separated  from  each  other  by  connective  tissue — interglobular  septa  (fig. 
149,  IS) — so  that  in  a  partially  pigmented  lung,  on  examining  its  pleiiral  sur- 
face with  the  naked  eye,  one  can  easily  make  out  its  lobules,  consisting  of  a 
series  of  polygonal  areas  mapped  out  by  black  lines.  In  a  young  animal,  ^.g., 
calf,  they  are  easily  separated  from  each  other  after  removal  of  the  pleura. 
The  inter-lobular  septa  are  continuous  on  the  one  hand  with  the  sub-plcnral 
connective  tissue  and  on  the  other  with  the  peri -bronchial  connective  tissue.] 
[There  is  an  alteration  in  the  structure  of  the  bronchi,  as  we  proceed 
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from  the  larger  to  the  snialter  tubes.  The  cartilages  and  glands  are  the  first 
structures  to  disappear.  The  circular  bronchial  muscle  is  well  developed  in  the 
smaller  bronchi  and  bronchioles,  and  exists  as  a  continuous  thin  layer  over  the 
alveolar  passages,  but  it  is  not  continued  over  and  between  the  air-cells. 
Elastic  fibres,  continuous,  on  the  one  hand,  with  those  in  the  smaller  bronchi, 
and,  on  the  other,  with  those  in  the  walls  of  the  air-cells,  lie  outside  the  mus- 
cular fibres  in  the  bronchioles  and  infundibula.  In  the  respiratory  bronchioles, 
the  ciliated  epithelium  is  reduced  to  a  single  layer,  and  is  mixed  with  the 
squamous  form  of  epithelium,  while  where  the  alveolar  passages  open  into  the 
air-cells  or  alveoli,  the  epithelium  is  non-ciliated,  low,  and  polyhedral.] 


Fig.  149- 
Scheme  of  a  long  lobule.     PA,  and  PV,  palinoiuuj  uteiT  *D<1  vein ;  TB,  lenniDsl  bronchus ; 
Br.,  bronchiole  1  I,  iafuiidibuluin ;  aii,  ajr-veticlei ;  IS,  inier-lobular leptum ;  PP,  pleura; 
LB,  lobulu-  bronchui. 

Alveoli  or  Air-Cells. — The  form  of  the  air-cells,  which  are  35  ;:i  (j4ir  inch) 
in  diameter,  may  be  more  or  less  spherical,  polygonal,  or  cup-shaped.  They 
are  disposed  around  and  in  communication  with  the  alveolar  passages.  Their 
form  is  determined  by  the  existence  of  a  nearly  structureless  membrane,  com- 
posed of  slightly  fibrillated  connective-tissue  containing  a  few  corpuscles. 
This  is  surrounded  by  numerous  fine  elastic  fibres,  which  give  to  the  pulmonary 
parenchytna  its  well-marked  elastic  characters  (fig.  153,  e,  e).  These  fibres 
often  bifurcate, and  are  arranged  with  reference  to  the  alveolar  wall.  They  are 
very  resistant,  and  in  some  cases  of  lung  disease  may  be  recognized  in  the 
^uturo.     A  few  non-striped  muscular  fibres  exist  in  the  delicate  connective 
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tissue  between  adjoining  air-vesicles.  These  muscular  fibres  sometimes  become 
greatly  developed  id  certain  diseases  [Arnold,  W.  Stirling).  The  air-cells  are 
lined  by  two  kinds  of  cells — (i)  large,  transparent,  clear  polygonal  non- 
nucleated  squames  or  placoids  (21-45/*)  lying  over  and  between  the  capil- 
laries in  the  alveolar  wall  (fig.  151,11);  (a)  small  irregular  "granular" 
nucleated  cells  (7-15  /*)  arranged 
Air-cell.  singly  or  in  groups  (two  or  three) 

in  the  interstices  between  the  capil- 
laries. They  are  well  seen  in  a 
cat's  lung  (fig.  151,  (/).  When 
acted  on  with  nitrate  of  silver  the 
I  cement-substance     bounding     the 

J  clear  cells  is  stained,  but  the  small 

1  cells  become  of  a  uniform  brown 

J  infiiDdibuiuir. granular  appearance,  so  that  they 

*  are     readily     recognized.      Small 
markings  (?  holes)  or  "  pseudo- 

5  Stomata  "  exist  in  the  cement-sub- 

\  stance,   and   are   most    obvious   in 

*  Aiveoi»r        distended  alveoli.     They  open  into 

'"'"*"■  the  lymph-canalicular  system  of  the 
alveolar  wall  {Klein),  and  through 
them  the  lymph-corpuscles,  which 
are  always  to  be  found  on  the  sur- 
face  of  the  air-vesicles,  migrate,  and 
■6'  '5**'  carry  with  them  into  the  lympha- 

Scheme  of  a  braachiole  Unniiuling  in  alveolar  tics  particles  of  carbon  derived  from 
ETr^vwiciei!"^  '"^'"^  *""*  '"^"°''"^'  ''^  ^^  the  air.  In  the  alveolar  walls  is  a 
very  dense  plexus  of  fine  capil- 
lanes  (fig.  153,  <:),  which  lie  more  towards  the  cavity  of  the  air-vesicle,  being 
covered  only  by  the  epithelial  lining  of  the  air-cells.  Between  two  adjacent 
alveoli  there  is  only  a  single  layer  of  capillaries  (man),  and  on  the  boundary 
line  between  two  air-cells  the  course  of  the  capillaries  is  twisted,  thus  project- 
ing sometimes  into  the  one  aveolus,  sometimes  into  the  other  (fig.  152). 

[In  the  luofi  of  the  newt,  which  is  limply  an  oval  sac  with  elflstic  and  contractile  walls,  tup- 
plied  by  an  aitery  and  a  rein,  the  capillary  network  ties  immediately  under  the  epithelium. 
The  meshes  themielvra  are  narrow,  although  the  capillaries  correipondiDg  Co  the  large  lize  of 
the  blood-corpuscles  are  fcirly  wide.  The  epithelium  consists  of  ■  single  layer  of  thin  cells 
peculiarly  moditied.  The  nucleated  bodies  of  three  or  more  cells  have  an  appreciable  thickneu 
and  lie  in  the  extra -vascular  meshes  or  islands,  and  from  each  cell  there  stretches  an  excessively 
thin  wiog-shaped  eipansion  over  the  surface  of  the  capillary,  to  meet  a  similar  expansion  from 
another  eel!  lying  in  an  adjacent  tnesh  or  island.  Thus  the  blood  in  the  capillary  ii  separated 
from  the  air  in  the  lung  only  by  the  thin  capillary  wall  and  the  excessively  thin  wing-like 
expansions  of  the  smaller  "  respiratory  epithelium."  The  newt's  lung  represents  a  very  simple 
^pe  of  lung.  In  the  bo%  the  long  begins  to  be  more  complex.  The  inliindibulimi  of  (he 
mammalian  lung  practically  repeats  the  condition  obtaining  in  the  newt's  luikg.] 

[The  number  of  alveoti  is  stated  to  be  about  735  millions,  a  result  obtained 
by  measuring  the  size  of  the  air-vesicles  and  ascertaining  the  amount  of  air  in 
the  lung,  after  an  ordinary  inspiration,  determining  how  much  of  this  air  is  in 
the  air-vesicles  and  bronchi  respectively.  The  superficial  area  of  the  air- 
vesicles  is  about  90  square  metres,  or  100  times  greater  than  the  surface  of  the 
body  (.8  to  .9  sq.  metre).] 

The  Blood-vessels  of  the  lung  belong  to  two  different  systems: — (A) 
Pulmonary  vessels  (lesser  circulation).  The  branches  of  the  pulmonary 
artery  accompany  the  bronchi  and  are  closely  applied  to  them.  [As  they 
proceed  they  branch,  but  the  branches  do  not  anastomose,  and  ultimately  they 
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tcrtnioaie   in   small  arterioles,   which  supply  several  adjacent  alveoli,  each 
arteriole  splitting  up  into  capillaries  for  jn'^ra/ air-cells  (figs.  153,  153,  v,  c). 
An  efferent  vein  usually  arises  at  the  opposite  side  of  the  air-cells,  and  carries 
away  the  purified  blood  from  the  capillaries.     In  their  course  these  veins  unite 
to  form  the  pulmonary  veins,  which,  again,  are  joined  in  their  course  by  a 
few  small  bronchial  veins.     The  veins  usually  anastomose  in  the  earlier  part  of 
their  course,  whilst  the  corresponding  arteries  do  not.]    Although  the  capillary 
plexns  b  very  fine  and  dense,  its  sectional  area  is  less  than  the  sectional  area  of 
the  systemic  capillaries,  so  that  the  blood-stream  in  the  pulmonary  capillaries 
must  be  more  rapid  than  that  in 
the  capillaries  of  the  body  gen- 
erally.    The   pulmonary  veins, 
unlike  veins  generally,  are  col- 
lectively narrower  than  the  pul- 
monary artery  (water  is  given  ofT 
in  the  lungs),  and  they  have  no 
valves. 

[The  pulmonary  artery  con- 
tains venous  blood,  and  the  pul- 
monary  veins   pure  or  arterial  ^ 
blood.] 

(B)  The  bronchial  vessels 
represent  the  nutrient  system  of 
the  lungs.  The  bronchial  ar- 
teries (1-3)  arise  from  the  aorta 
(or  iritercostal  arteries)  and  ac- 
company the  bronchi  without 
anastomosing  with  the  branches 
of  the  pulmonary  artery.  In 
their  course  they  give  branches 

to  the  lymphatic  glands  at  the  Fig.  151. 

hilnm  of  the  lung,  to  the  walls  Air-T«sicles  bjected  with  silver  nitnde.  a,  oaXWmi  of 
of  the  large  blood-vessels  (vasa  squamou*  epithelium ;  6,  alveolar  wall ;  c,  young  epi' 
vasonim),  the  pulmonary  pleura,  ihelinm  cell ;  d,  iggr^Mion  of  young  epithelial  cells 
the  bronchial  walls,  and  the  in-     g=™i""ti''B  X  35°- 

terlobular  septa.  The  blood  which  issues  from  their  capillaries  is  returned — 
partly  by  the  pulmonary  veins — hence,  any  considerable  interference  with  the 
pulmonary  circulation  causes  congestion  of  the  bronchial  mucous  membrane, 
resulting  in  a  catarrhal  condition  of  that  membrane.  The  greater  part  of  the 
blood  is  returned  by  the  bronchial  veins,  which  open  into  the  vena  azygos,  in- 
tercostal vein,  or  superior  vena  cava.  The  veins  of  the  smaller  bronchi  (fourth 
order  onwards)  opens  into  the  pulmonary  veins,  and  Che  anterior  bronchial  also 
communicate  with  the  pulmonary  vein  {Zuckerkandl^ 

[The  Pleura, — E^di  pleural  cavity  is  distinct,  and  isalarge  serous  sac,  which 
really  belongs  to  the  lymphatic  system  of  the  lung.  The  pleura  consists  of  two 
layers,  visceral  and  parietal.  The  visceral  pleura  covers  the  lung;  the 
parietal  portion  lines  the  wall  of  the  chest,  and  the  two  layers  of  the  corre- 
sponding pleura  are  continuous  with  one  another  at  the  root  of  the  lung.  The 
parietal  pleura  is  the  thicker,  and  may  readily  be  separated  from  the  inner  sur- 
face of  the  chest.  Structurally,  the  pleura  resembles  a  serous  membrane,  and 
consists  of  a  thin  layer  of  fibrous  tissue  covered  by  a  layer  of  endothelium. 
Under  this  layer,  or  the  pleura  proper,  is  a  deep  or  sub-serous  layer  of 
looser  areolar  tissue,  containing  many  elastic  fibres.  The  layer  of  the  pleura 
pulmonalis  of  some  animals,  as  the  guinea-pig,  contains  a  network  of  non-striped 
muscular  fibres.    Over  the  lung  it  is  also  continuous  with  the  interlobular  septa.J 
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[The  Interlobular  Septa  (iig.  154,  e)  consist  of  bands  of  fibrous  tissue  sepa- 
rating adjoining  lobules,  and  they  becomecoDtinuous  with  the  peri -bronchial  con- 
nective tissue  entering  the  lung  at  its  hilum.  Thus  the  fibrous  framework  of  the 
lung  is  continuous  throughout  the  lung,  just  as  in  other  organs.  The  connec- 
tion of  the  sub-pleural  fibrous  tissue  with  the  connective  tissue  within  the  sub- 
stance of  the  lung  has  most  important  pathological  bearings.  The  interlobular 
septa  contain  lymphatics  and  blood-vessels.  The  endothelium  covering  the 
parietal  layer  is  of  the  ordinary  squamous  type,  but  on  the  pleura  pulmonalis 
the  cells  are  less  flattened,  more  poiyhedrat,  and  granular.  They  must  neces- 
sarily vary  in  shape  with  changes  in  the  volume  of  the  lung,  so  that  they  are 
more  flattened  when  the  lung  is  distended,  as  during  inspiration.  The  plenn 
contains  many  lymphatics,  which  communicate  by  means  of  stomata  with 
the  pleural  cavity.] 

[The  Lymphatics  of  the  lung  are  numerous,  and  are  arranged  in  several 


Fig.  is». 
Section  of  lh«  (esiculu-  liuue  of  a  bumui  lung  injected  from  the  pulmonuy  aiteiy;  a,  a,  free 

mirgini  of  the  alveoli;  J,  small  uteiy ;  f,  f,  vcitical  walls  of  alveoli  divided  tranivenelj. 
systems.  The  various  air-cells  are  connected  with  each  other  by  very  delicate 
connective  tissue,  and,  according  to  J.  Arnold,  in  some  parts  this  interstitial 
tissue  presents  characters  like  those  of  adenoid  tissue ;  so  that  the  lung  is  tra- 
versed by  a  system  of  juice-canals  or  "  Safl-Canalchen."  In  the  deep  layer 
of  the  pleura  there  is  (a)  aub-pteural  plexus  of  lymphatics  partly  derived 
from  the  pleura,  but  chiefly  from  the  lymph-canalicular  system  of  the  pleural 
alveoli.  Some  of  these  branches  proceed  to  the  bronchial  glands,  but  otheis 
pass  into  the  interlobular  septa,  where  they  join  (^)  the  peri-vascular  lym- 
phatics which  arise  in  the  lymph-canalicularsystem  of  the  alveoli.  These  trunks, 
provided  with  valves,  run  alongside  the  pulmonary  artery  and  vein,  and  in  their 
course  they  form  frequent  anastomoses.  Special  vessels  arise  within  the  walls 
of  the  bronchi,  and  occur  chieHy  in  the  outer  coat  of  the  latter,  constituting  (c) 
the  peri-bronchial  lymphatics,  which  anastomose  with  6.  The  branches 
of  these  two  sets  run  towards  the  bronchial  glands.     Not  unfrequently  (cat) 
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masses  of  adenoid  tissue  are  found  in  the  course  of  these  lymphatics.]  The 
I ymph-canalicular  system  and  the  lymphatics  become  injected,  when  fine  colored 
particles  are  inspired,  or  are  introduced  into  the  air-cells  artificially.  The  pig- 
ment particles  pass  through  the  semi-fluid  cement-substance  into  the  lymjih- 
canalicular  system  and  thence  into  the  lymphatics ;  or,  according  Co  Klein, 
they  past  through  actual  holes  or  pores  in  the  cement  (p.  190).  [This  pigmen- 
tation is  well  seen  in  coal-ratner's  lung  or  anthracosis,  where  the  particles 
of  carbon  pass  into  and  are  found  in  the  lymphatics.  Sikorski  and  KUttner 
showed  that  pigment  reached  the  lymphatics  in  this  way  during  life.  If  pig- 
ment, China  ink  or  indigo-carmine,  be  introduced  into  a  frog's  lung,  it  is  found 
in  the  lymphatic  system  of  the  lung.     Ruppert,  and  also  Schoticlius,  showed 


Fig-  "53- 
Scui-dUgnmmatic  repiesenUtioii  of  the  ur-veiicles  of  the  lung.    v.  v,  blood-vessels  at  the  mir- 
gins  of  an  alveolus ;  r,  c,  iis  blood-capilluiei  1  E,  relation  of  the  aquanious  epkheliumof  an 
alTcolm  to  the  c&pillanei  in  its  wall ; /,  alTColar  epithelium  shown  alone;  t,  t,  elastic 
tiane  of  the  lung. 

that  the  same  result  occurred  in  dogs,  after  the  inhalation  of  charcoal,  cinna- 
bar, or  precipitated  Berlin  blue,  and  von  Ins  after  the  inhalation  of  silica. 
Schestopal  used  China  ink  and  cinnabar  suspended  in  ^  per  cent,  salt  solution.] 
Excessively  fine  lymph. canals  lie  in  the  wall  of  the  alveoli  in  the  interspaces  of 
the  capillaries,  and  there  are  slight  dilatations  at  the  points  of  crossing.  Ac- 
cording to  Pierrct  and  Renaut,  every  air-cell  of  the  lung  of  the  ox  is  surrounded 
by  a  large  lymph-space,  such  as  occurs  in  the  salivary  glands.  When  a  large 
quantity  of  fluid  is  injected  into  the  lung,  it  is  absorbed  with  great  rapidity; 
even  blood -corpuscles  rapidly  pass  into  the  lymphatics. 

The  superficial  lynaphatics  of  the  pulmonary  pleura  communicate  with 
the  pleural  cavity  by  means  of  free  openings  or  stomata,  and  the  same  is  true 
of  the  lymphatics  of  the  parietal  pleura,  but  these  stomata  are  confined  to 


194  THE  NERVES  OF  THE  LUNG.  [SCC.  X06. 

limited  areas  over  the  diaphragmatic  pleura.  [The  lymphatics  in  the  costal 
pleura  occur  over  the  intercostal  spaces  and  not  over  the  ribs  (^Dydkmaskt).'] 
The  large  arteries  of  the  lung  are  provided  with  lymphatics  which  lie  between 
the  middle  and  outer  coats.  [The  movements  of  the  lung  during  respiration 
are  most  important  factors  in  moving  the  lymph  onwards  in  the  pulmonary 
lymphatics.     The  reflux  of  the  lymph  is  prevented  by  the  presence  of  valves.]. 

[Ab^rption  of  particles  in  lungs  and  pleura. — If  blood  or  China  ink  be  injected  into  the 
lungs,  the  corpuscles  are  rapidly  absorbed  from  the  lungs,  but  not  from  the  trachea  or  large 
bronchi.  In  the  lungs  the  particles  pass  between  the  alveolar  epithelium  into  the  interstitial  pal- 
monary  tissue,  and  finally  into  the  peri-bronchial  and  peri- arterial  lymphatics,  and  from  thence 
to  the  bronchial  lymph-glands.  Similar  injections  into  the  pleural  cavity  are  absorbed  (5-30 
minutes)  by  the  costal  and  mediastinal  pleura,  but  not  by  the  pulmonary  pleura.] 

[The  nerves  of  the  lung  are  derived  from  the  anterior  and  posterior  pul- 
monary plexuses  and  consist  of  branches  from  the  vagus  and  sympathetic, 
and  from  certain  dorsal  nerves  (p.  153).  They  enter  the  lungs  and  follow  the 
distribution  of  the  bronchi,  several  sections  of  nerve-trunks  being  usually  found 
in  a  transverse  section  of  a  large  bronchial  tube.  The  nerves  lie  outside  the 
cartilages,  and  are  in  close  relation  with  the  branches  of  the  bronchial  arteries. 
Meduliated  and  non-medullated  nerve-fibres  occur  in  the  nerves,  which  also 
contain  numerous  small  ganglia  (jR^mak,  Klein^  Stirling),  In  the  lung  of  the 
calf  the  ganglia  are  large.  The  exact  mode  of  termination  of  the  nerve-fibres 
within  the  lung  has  yet  to  be  ascertained  in  manmials,  but  some  fibres  pass  to 
the  bronchial  muscle,  others  to  the  large  blood-vessels  of  the  lung,  and  it  is 
highly  probable  that  the  mucous  glands  are  also  supplied  with  nerve  filaments. 
In  the  comparatively  simple  lungs  of  the  frog,  nerves  with  numerous  nerve-cells 
in  their  course  are  found  {Amoldy  Stirling),  and  in  the  very  simple  lung  of  the 
newt,  there  are  also  numerous  nerve  cells  disposed  along  the  coturse  of  the 
intra-pulmonary  nerves.  Some  of  these  fibres  terminate  in  the  uniform  layer 
of  non-striped  muscle  which  forms  part  of  the  pulmonary  wall  in  the  frog  and 
newt,  and  others  end  in  the  muscular  coat  of  the  pulmonary  blood-vessel  (^>- 
ling).  The  functions  of  these  ganglia  are  unknown,  but  they  may  be  compared 
to  the  nerve-plexuses  existing  in  the  walls  of  the  digestive  tract.] 

The  Function  of  the  non-striped  muscle  of  the  entire  bronchial  system 
seems  to  be  to  offer  a  sufficient  amount  of  resistance  to  increased  pressure 
within  the  air-passages  ;  as  in  forced  expiration,  speaking,  singing,  blowing,  etc. 
The  vagus  is  the  motor  nerve  for  these  fibres,  and  according  to  Longet,  the 
"lung-tonus  ''  durmg  increased  tension  depends  upon  these  muscles. 

^Contraction  of  the  Lungs  and  Bronchi — Effect  of  Nerves. — By  connecting  the  in- 
tenor  of  a  small  bronchus  with  an  oncograph  ({  103)  in  curarized  dogs  (the  thorax  being 
opened),  Brown  and  Roy  found  that  section  of  one  vagus  causes  a  marked  expansion  of  the 
bronchi  of  the  corresponding  lung,  while  stimulation  of  the  peripheral  end  of  a  divided  vagus 
causes  a  powerful  contraction  of  the  bronchi  of  both  lungs.  Stimulation  of  the  central  end  of 
one  vagus,  the  other  being  intact,  also  causes  a  contraction  (feebler)  under  the  same  drcom- 
stances.  Especially  in  etherized  dogs,  expansion  and  not  contraction  results.  If  both  vagi  be 
divided,  no  effect  is  produced  by  stimulation  of  the  central  end  of  either  vagus.  It  seems  plain 
that  the  vagi  contain  centripetal  or  afferent  fibres,  which  can  cause  both  expansion  and  con- 
traction of  the  bronchi.  Asphyxia  causes  contraction  provided  the  vagi  are  mtact,  but  none  if 
they  are  divided,  although  in  etherized  dogs  expansion  frequently  occurs,  while  stimulation  of 
the  central  end  of  other  sensory  nerves  has  very  rarely  any,  or,  if  any,  but  a  slight,  effect  on  the 
calibre  of  the  bronchi,  so  that  in  the  dog  the  only  connection  between  the  cerebro- spinal 
centres  and  the  bronchi  is  through  the  vagi.  Sandmann  has  confirmed  the  above  observatioDs 
for  rabbits  and  cats,  so  that  it  seems  certain  that  the  vagus  contains  some  fibres  which  dilate 
and  others  which  cause  contraaion  of  the  bronchi.  Reflex  contraction  can  be  brought  about 
by  stimulation  of  the  nose  and  larynx.  Williams,  Paul  Bert,  and  odiers  showed  that  the 
bronchi  and  lungs  are  contractile  when  they  are  stimulated  with  electricity.  This  contractility  is 
very  marked  in  reptilian  lungs  where  there  is  a  well-marked  layer  of  smooth  muscle.] 

Pathological. — Stimulation  of  the  smooth  muscles,  whereby  a  spasmodic  narrowing  of  the 
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anllo'  bronchi  ii  proilnced,  may  exdce  uthroatic  attacks.     If  Ihe   expiratoiy  blaU  be  iDler- 

Scad  witb,  acute  empti]iieina  may  take  place  [Biemier). 

CbemUtiy.— In  addition  to  connective,  elutic  and  muscular  tissue,  the  lungs  Contain 
lecithin,  inosit,  uric  acid  (taarin  and  leucdn  in  the  ox),  guioiti,  lantbiu  (?),  hypoxanthin  (dog) 
ioda,  potaih,  magnesiam,  oxide  of  iron,  much  phosj^ric  acid,  also  chlorine,  lulphuric  and 
slide  adds — in  diabetei  sugar  occur) — in  purulent  indllration  glycogen  and  sugar — in  renal 
degeneration  area,  oxalic  M^,  and  ammonia  salts;  and  m  diseases  where  decompotitioa  takes 
place.  lencin  and  tyrosin. 

[Physical  Properties  of  the  Lungs. — The  lungs,  in  virtue  of  the  large 
amount  of  elastic  tissue  which  they  contain,  are  highly  elastic ;  and  when  tbe 
chest  is  opened  they  collapse. 
If  3  cannula  with  a  small  lat- 
eral opening  be  tied  into  the 
trachea  of  a  rabbit's  or  sheep's 
lungs,  the  lungs  may  be  in- 
Bated  witb  a  pair  of  bellows, 
or  elastic  pump.  After  the 
artificial  inflation,  the  lungs, 
owing  to  their  elasticity,  col- 
lapse and  expel  the  greater 
port  of  the  air.  As  much  air 
lemains  within  the  light  spon- 
gy tissue  of  the  lungs,  even 
alter  they  are  removed  from 
the  body,  a  healthy  lung  floats 
in  water.  If  Ihe  air-cells  are 
filled  with  pathological  fluids 
or  blood,  as  in  certain  dis- 
eased conditions  of  the  lung 
(pneumonia),  then  the  lungs 
or  [>arts  thereof  may  sink  in 
water.  The  lungs  of  the 
fo:tus,  before  respiration  has 
taken  place,  sink  in  water, 
but  afier  respiration  has  been 
thoroughly  established  in  the 
child,  the  lungs  float.  Hence 
this    hydrostatic    test    is 

largely  used  in  medico-legal  ^^-  '54. 

cases,  as  a  test  of  the  child's  HumHnlung(X  50  and  reduced  U).  a,  small  bronchus ; 
having  breathed  Ifahealthv  ^i,pulmonary  artery;  t,  pulmonary  vein;  t,  inter- 
naving  Oreathed.   11  a  healthy         |^^^,^  continuous  olth  Ihe  deep  Uyer  of  the 

lung  be  squeezed  between  the         pleura,/, 
fingers,    it    emits   a    peculiar 

and  characteristic  fine  crackling  sound,  owing  to  the  air  within  the  air-cells. 
A  simitar  sound  is  heard  on  cutting  the  vesicular  tissue  of  the  lung.  The 
color  of  the  lungs  varies  much ;  in  a  young  child  it  is  rose-pink,  but  after- 
wards it  becomes  darker,  especially  in  persons  living  in  towns  or  a  smoky 
atmosphere,  owing  to  the  deposition  of  granules  of  carbon.  In  coal-miners 
tbe  lungs  may  become  quite  black.] 

[Exeiaion  of  the  Lung. — Dogs  recover  after  the  excision  of  one  etKJre  lung,  and  they  even 
sorvire  Ihe  reiiio»al  of  portions  of  lung  affccled  with  luberele  Bi<ntdi).'] 

107.  MECHANISM  OP  RESPIRATION.— The  mechanism  of  re- 
spiration consists  in  an  alternate  dilatation  and  contraction  of  the  chest.  The 
dilatation,  technically  called  "expansion,"  is  called  inspiration,  the  con- 
traction expiration.     As  the  whole  external  surfaces  of  both  elastic  lungs  are 
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applied  directly,  and  in  an  air-tight  manner,  by  their  smooth  moist  pleural  in- 
vestment to  the  inner  wall  of  the  chest,  which  is  covered  by  the  parietal  pleura, 
it  is  clear  that  the  lungs  must  be  distended  with  every  dilatation  of  the  chest, 
and  diminished  by  every  contraction  thereof.  The  movements  of  the 
lungs,  therefore,  are  entirely  passive,  and  are  dependent  on  the  thoracic 
movements. 

On  account  of  their  complete  elasticity  and  their  great  extensibility,  the 
lungs  are  able  to  accommodate  themselves  to  any  variation  in  the  size  of  the 
thoracic  cavity,  without  the  two  layers  of  the  pleura  becoming  separated  from 
each  other.  As  the  capacity  of  the  non-distended  chest  is  greater  than  the 
volume  of  the  collapsed  lungs  after  their  removal  from  the  body,  it  is  clear  that 
the  lungs,  even  in  their  natural  position  within  the  chest,  are  distended,  /.  ^., 
they  are  in  a  certain  state  of  elastic  tension  (§  60).  The  tension  is  greater 
the  more  distended  the  thoracic  cavity,  and  vice  versA,  As  soon  as  the  pleural 
cavity  is  opened  by  perforation  from  without,  the  lungs,  in  virtue  of  their  elas- 
ticity, collapse,  and  a  s{>ace  filled  with  air  is  formed  between  the  surface  of  the 
lungs  and  the  inner  surface  of  the  thoracic  wall  (pneumo-thorax).  The 
lungs  so  affected  are  rendered  useless  for  respiration ;  hence  a  double  pneumo- 
thorax causes  death. 

Pneumo-thorax. — It  is  also  clear  that  if  the  pulmonary  pleura  be  perforated  from  wHhin 
the  lung,  air  will  pass  from  the  respiratory  passages  into  the  pleural  sac,  and  also  give  ri^e  to 
pneumo-thorax.  [Not  unfrequently  the  surgeon  is  called  on  to  open  the  chest,  say  by  removing 
a  portion  of  a  rib  to  allow  of  the  free  exit  of  pus  from  the  pleural  cavity.  If  this  be  done  with 
proper  precautions,  and  if  the  external  wound  be  allowed  to  heal,  after  a  time  the  air  in  the 
pleural  cavity  becomes  absorbed,  the  collapsed  lung  tends  to  regain  its  original  form,  and  again 
becomes  functionally  active.] 

Estimation  of  Elastic  Tension. — If  a  manometer  be  introduced  through  an  intercostal 
space  into  the  pleural  cavity  in  a  dead  subject,  we  can  measure,  by  means  of  a  column  of  mer- 
cury, the  amount  of  the  elastic  tension  required  to  keep  the  lung  in  its  position.  This  is  equal 
to  6  mm.  Hg.  in  the  dead  subject,  as  well  as  in  the  condition  of  expiration.  If,  however,  the 
thorax  be  brought  into  the  position  of  inspiration  by  the  application  of  traction  from  without, 
the  elastic  tension  may  be  increased  to  30  mm.  Hg.  (Dondtrs), 

If  the  glottis  be  closed  and  a  deep  inspiration  taken,  the  air  within  the 
lungs  must  become  rarefied,  because  it  has  to  fill  a  greater  sp>ace.  If  the^glottis 
be  suddenly  opened,  the  atmospheric  air  passes  into  the  lungs  until  the  air 
within  the  lungs  has  the  same  density  as  the  atmosphere.  Conversely,  if  the 
glottis  be  closed,  and  if  an  expiratory  effort  be  made,  the  air  within  the  chest 
must  be  compressed.  If  the  glottis  be  suddenly  opened,  air  passes  out  of  the 
lungs  until  the  pressure  outside  and  inside  the  lung  is  equal.  As  the  glottis 
remains  open  during  ordinary  respiration,  the  equilibration  of  the  pressure 
within  and  without  the  lungs  will  take  place  gradually.  During  tranquil  inspi- 
ration  there  is  a  slight  negative  pressure ;  during  expiration  a  slight  positive 
pressure,  in  the  lungs ;  the  former  ==  i  mm.,  the  latter  2-3  mm.  Hg.  in  the 
human  trachea  (measured  in  cases  of  woimds  of  the  trachea).  According  to 
J.  R.  Ewald,  however,  the  values  are  only  o.i  and  0.13  mm.  Hg.  respectively. 

108.  QUANTITY  OF  GASES  RESPIRED.— As  the  lungs  within 
the  chest  never  give  out  all  the  air  they  contain,  it  follows  that  only  a  part  of 
the  air  of  the  lungs  is  changed  during  inspiration  and  expiration.  The  volume 
of  this  air  will  depend  upon  the  depth  of  the  respirations. 

Hutchinson  defined  the  following : — 

(i)  Residual  air  is  the  volume  of  air  which  remains  in  the  chest  after  the  most  compieie 
expiration.     It  is  =  1230-1640  c.c.  [100-130  cubic  inches]. 

(2)  Reserve  or  supplemental  air  is  the  volume  of  air  which  can  be  expelled  from  the 
chest  after  a  normal  quiet  expiration.     It  is  =  1240-1800  c.c.  [100  cubic  inches]. 

(3)  Tidal  air  is  the  volume  of  air  which  is  taken  in  and  given  out  at  each  respiration.  It 
is  =  500  cubic  centimetres  [20  cubic  inches.      Sometimes  it  is  stated  to  be  25-30  cubic  inches.] 
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(4)  Complemental  air  is  the  volume  of  air  that  can  be  forcibly  inspired  over  and  above 
what  is  taken  in  at  a  nonnal  respiration.     It  amounts  to  about 
1500  C.C  [100- 130  cubic  inches]. 

(5)  Vital  Capacity  is  the  term  applied  to  the  vol- 
oroe  of  air  which  can  be  forcibly  expelled  from  the 
chest  after  the  deepest  possible  inspiration.  It  is  equal 
to  3772  C.C  (or  230  cubic  inches)  for  an  Englishman 
{Hutchinson),  and  3222  for  a  German  {Haeser), 

Hence,  after  every  quiet  inspiration,  both  lungs  con- 
tain (14-2  +  3)  =  3000  to  3900  c.cm.  [220  cubic 
inches]  ;  af^er  a  quiet  expiration  (14-2)=:  2500  to 
3400  c.cm.  [200  cubic  inches].  So  that  about  i  to  4^ 
of  the  air  in  the  lungs  is  s<)bject  to  renewal  at  each  ordinary  respiration. 

[It  is  important  to  remember  that  the  lungs,  even  after  the  deepest  expira- 
tioD,  always  contain  a  large  amount  of  air.  In  this  way  the  diffusion  of  gases 
between  the  air  in  the  lungs  and  the  blood- 
gases  can  go  on  continuously,  with  increase  of 
the  process  at  every  inspiration.] 

Donders  calculated  that  the  entire  bronchial  system 
and  the  trachea  contain  about  500  c.c.  of  air. 

Estimation  of  Vital  Capacity. — This 
was  formerly  thought  to  be  of  great  utility, 
bat  at  the  present  time  not  much  importance 
is  attached  to  it,  nor  is  it  frequently  measured 
in  cases  of  disease.  It  is  estimated  by  means 
of  the  spirometer  of  Hutchinson  which  con- 
sists of  a  graduated  cylinder  filled  with  water 
and  inverted  like  a  gasometer  over  water,  and 
balanced  by  means  of  a  counterpoise  (fig.  155). 
Into  the  cylinder  a  tube  projects,  and  this  tube 
is  connected  with  a  mouthpiece.  The  person 
to  be  experimented  upon  takes  the  deepest 
possible  inspiration,  closes  his  nostrils,  and 
breathes  forcibly  into  the  mouthpiece  of  the 
tube.  After  doing  so  the  tube  is  closed.  The 
cylinder  is  raised  by  the  air  forced  into  it,  and 
after  the  water  inside  and  outside  the  cylinder 
is  equalized,  the  height  to  which  the  cylinder 
is  raised  indicates  the  amount  of  air  expired,  or  the  vital  or  respiratory  capacity. 
In  a  man  of  average  height,  5  feet  8  inches,  it  is  equal  to  230  cubic  inches. 

The  following  circumstances  affect  the  vital  capacity  :^ 

(i)  The  Height. — Every  inch  added  to  the  height  of  persons  between  5  and  6  feet  gives  an 
increaise  of  the  vital  capacity  =  130  c.c.  [8  cubic  inches]. 

(2)  Body-weight. — When  the  body-weight  exceeds  the  normal  by  7  per  cent,  there  b  a 
diminution  of  37  c.c.  of  the  vital  capacity  for  every  kilo,  of  increase. 

(3)  Age. — The  vital  capacity  is  at  its  maximum  at  35 ;  there  is  an  annual  decrease  of  23.4 
cc.  from  this  age  onwards  to  65,  and  backwards  to  15  years  of  age. 

(4)  Sex. — It  is  less  in  women  than  men,  and  even  where  there  is  the  same  circumference  of 
chest,  and  the  same  height  in  a  man  and  a  woman,  the  ratio  is  10:7. 

(5)  Position  and  Occupation. — More  air  is  respired  in  the  erect  than  in  the  recumbent 
position.  In  the  following  three  categories  the  preceding  group  has  a  vital  capacity  greater  by 
200  c.c.  than  the  one  following  it :  (a)  soldiers  and  sailors;  (t)  hand-workers,  compositors;  {c) 
paopers,  officials,  students  {Amoid), 

(6)  Disease. — Abdominal  and  thoracic  diseases  diminish  it. 

109.  NUMBER  OF  RESPIRATIONS.— In  the  adult,  the  number 
of  respirations  varies  from  16  to  24  per  minute,  so  that  about  4  pulse-beats 


Fig.  155. 
Scheme  of  Hutchinson's  spirometer. 
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occur  during  each  respiration.     The  number  of  respirations  is  influenced  by 
many  conditions : — 

(1)  The  PoBltion  of  the  Body. — In  the  adult,  in  the  horizontkl  pcuition,  Guy  conoied  13, 
while  silling  ig,  while  standing  Zl,  respirations  per  ininule. 

(2)  Age. — Queielel  found  the  mean  Dumber  of  lespjnuions  in  300  individuals  to  bt  : — 
Yur.         RcipinliDiu.  Yaw.         Rapindiini. 

o  to    t,  44  1  ATcrage  30  to  50,  ig'7  1  Average 

5,  i6  >        Number  per  25  to  30,  16  >      Number  pa 

15  to  20,  20  )  Minute.  30  to  3$,   ■         18-1  J  Minate. 

(3^  The  State  of  Activity. — Gorham  counted  in  children  of  2  to  4  yean  of  age  during 
■taoiiin^  32,  in  sleep  34,  respirations  per  minute.  During  bodily  exertion  the  number  of  nspi- 
rations  iacrcues  before  the  heart-beats.  [Very  slight  mtaeuiar  exeriion  suffices  to  increase  the 
frequency  of  the  respirationa.] 

[(4)  The  Temperature  of  the  sutroundiiig  medhntt.  —  Hie  respirations  become  more 
numeious  the  higher  the  surrounding  temperature,  but  this  result  only  occnn  when  the  aaual 
temperature  of  the  blood  is  increased,  as  in  fever. 

(5)  Digest  ion.  ^Th  ere  is  a  slight  variation  during  the  course  of  the  day,  the  Increase  being 
most  marked  after  mid-day  dinner  (  Vierordl). 

(6)  The  Will  can  to  a  certain  extent  modify  the  number  and  also  the  depth  of  the  resfnia- 
tions,  but  after  a  short  lime  the  impulse  to  respire  overcomes  the  voluntary  impulse. 

t7J  The  GaaeBaf  the  Blood  h^ve  a  marked  effect.and  sohaiihe  heat  of  the  blood  in  fever.] 
(8)  InAnim»l«— 

-      " "  Per  yhi. 

...       30 

60 


Invenebrata. 

Crah 11 

Molluscs,    .    .     14-16 


fig.  156. 
Brondgeesl's  tambour  for  registering  the  respiratory  movements,    i,  c,  loner  and  oater 
caoutchouc  membranes;   a,  the  capsule;    i/,i/,cordt  for  ^slenlag  the  insiniment  to  the 
chest ;  5,  tube  to  ttie  recording  tambour.     B,  normal  respiratory  curve  obtained  on  a  vibrat- 
ing plate  [each  vibration  ^  0.01613  sec.]. 
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[(9)  la  Diieaae. — Tbe  DDinbcr  mar  begrextjp  incnaied  from  man^  causes,  f.^.,  !□  fe>er, 
pleoritr  and  poeuiDonia,  •ome  hean  dUeaies,  or  in  ceruin  cosci  of  allcralion  of  ihe  blood,  ai  in 
inacmia ;  aod  diminiahed  where  there  U  prevnre  on  the  respiratory  centre  in  the  medulla  in 
oma.     It  is  imponant  to  note  the  ratio  of  poise-beats  to  respirations.] 

no.  TIME  OCCUPIED  BY  THE  RESPIRATORY  MOVE- 
MENTS.— The  time  occupied  in  the  various  phases  of  a  respiration  can  only 
be  accurately  ascertained  by  obtaining  a  curve  or  pneumatogram  of  the 
respiratory  movements  by  means  of  recording  apparatus. 

Methods. — The  graphic  method  can  be  employed  in  three  directions ; — (1) 
To  record  the  movements  of  individtial  parts  of  the  chest-wall, 

(1]  Vieiordt  and  C.  Lodvig  tiaosreired  the  movements  oF  a  part  of  the  chesl-wall  to  a  lever 
■rhich   iDscribeil-  its-  ii>«*etncnls  opon   a   revolving  cylinder.     Riegel   (1873)  consttticted  a 
"  double 'atethogtaph  "  on  the  same  principle.     This  imlmment  is  so  uianiied  that  one  arm 
of  the  lever  maj  be  applied  in  connection  with  'the  healthy  side  of  a  person's  chest,  and  the 
other  on  the  diseased  aide.     In 
the  casp  of   animals  placed  on 
their  t)acks,  Sndloo  introduced 
a  long  needle  vertically  throogh 
the    abdominal    walls    into   Ihe 
liver.      Rosenthal     opened    the 
•bdomcD  and  applied  a  lever  to 
the  Dndcr    snr&ce   of  the  dia- 
phragm, and  thus  registered  its 
movements  (Phrenograpb). 

(1)  An  air-tambour,  such  as  is 
Dsed  in  Brondgerst's  panspAjg- 
mograi^  (fig.  156,  A),  may  M 
cmplojed.  Il  consists  of  a  bratt 
vessel,  a,  sh^>ed  like  a  small 
saucer.  The  mcalh  of  ibe  bivs 
vessel  is  covered  with  a  double 
lay«T  of  csoDlchouc  memtnane, 
i,  t,  and  air  ii  forced  in  between 
the  two  layers  muil  Ibe  eitemal 

membrane      balges      outwards.                                              pjs,  !». 
This  is  placed  on  the  chest,  and  u  ,  \,^i i 

bj  means  of  the  bands.  ^,^.  The  Cavity  of  the  tambour  communicates  by  means  of  a  caoutchouc 
tube,  I,  with  a  recording  tambour,  which  inscribes  its  movements  upon  a  revolving  cylinder. 
Every  dilatation  of  the  chest  compresses  the  membrane,  and  tbus  the  air  within  the  tamboor  11 
also  compressed.  [A  somewhat  similar  apparatus  is  used  by  Bordon-Sanderson,  and  called  a 
"  recording -stetbognph."  By  it  movements  of  the  corresponding  points  on  opposite  sides 
of  the  chest  can  be  investigated.]  A  cannula  or  maophageal  aound  may  be  iotroduced  into 
that  portion  of  the  cesophagus  which  lies  in  the  chest,  and  a  connection  established  with  Marey'a 
tambooT  (Xoieniia/).     [This  method  also  enables  one  to  measure  (be  ininUAerttiit presture 

(p-  'u).] 

Harer'B  StMhograpta  or  PneumogTaph. — [There  are  two  fsrnis  of  this  instrument,  one 
modiGed  by  P.  Bert  and  the  more  modem  Ibnn  (fig.  157).  A  lambour  {k)  is  fixed  at  right 
sbkIb  to  a  thin  elaMic  plate  of  ste«l  (/).  The  alnminmm  disc  on  the  caooichooc  of  the  tambour 
is  attached  to  au  npright  (j),  whose  end  lies  in  contact  with  a  horizontal  screw  (^).  Two  arms 
{J,  (\  are  attached  to  opposite  aides  of  Ihe  steel  plate,  and  to  them  the  belt  (t)  which  fastens 
■he  instrument  to  the  chest  is  attached.  When  the  cheat  expands,  these  two  arms  are  pulled 
asnoder,  the  Hcd  plate  is  bent,  and  the  tomhocir  is  affected,  and  any  movement  of  Ihe  tambour 
is  tran>.mitlcd  to  a  registering  tambour  by  the  air  in  the  tut>e  (a).] 

HovementB  of  tbe  Diaphragm. — [The  phases  of  respintion  have  been  studied  in  animals 
by  Kronccker  and  Marckwald  by  insetting  Ihe  spoon-ab^ied  end  of  a  probe-like  inslrumenl 
throDgh  the  abdominal  wall,  and  between  the  liver  and  the  diaphragm.  From  the  pointed  end 
of  this  inatmment  a  thread  passes  over  a  pulley  lobe  attached  to  a  lever  recording  its  movements 

(3)  To  record  variation  in  volume  of  the  thorax  or  of  the  respired 
gases. 

Foe  this  purpoae  E.  Hering  secures  the  animal,  aod  pUces  it  in  ■  t^hl  box  provided  with  two 
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openings  in  its  side ;  one  hole  contains  a  tube,  which  is  connected  to  a  cannula  tied  into  the 
transversely  divided  trachea  of  the  animal,  so  that  respiration  can  go  on  undisturbed.  In  the 
other  orifice  is  fixed  a  water-manomeier  provided  with  a  swimmer  arranged  to  write  on  a 
recording  surface.  Gad  registers  graphically  the  respired  air  by  means  of  a  special  apparatus, 
the  aero-plethysmograph ;  the  expired  air  raises  a  very  light  and  carefully  equipoised  box 
placed  over  water.    ^  it  is  raised,  it  moves  a  wnting-style.     During  inspiration  the  box  sinks. 

(3)  To  record  the  rate  at  which  the  respiratory  gases  are  ex- 
changed. 

If  the  trachea  of  an  animal,  or  the  mouth  of  a  man  (the  nostrils  being  closed),  be  connected 
with  a  tube  like  that  of  the  dromograph  (fig.  156),  then  during  inspiration  and  expiration  the 
pendulum  will  be  moved  to  and  fro  by  the  air,  and  the  movements  of  the  pendulum  can  be 
registered.  [Some  years  ago  an  instrument,  called  the  "  Anapnograph,"  was  conatmcted  00 
this  principle.] 

The  curve  (fig.  156,  B)  was  obtained  by  placing  the  tambour  of  a  Brondgeest's 
pansphygmograph  upon  the  xiphoid  process,  and  recording  the  movement  upon 
a  plate  attached  to  a  vibrating  tuning-fork.  The  inspiration  (ascending  limb) 
b^ins  with  moderate  rapidity,  is  accelerated  in  the  middle,  and  towards  the 
end  again  becomes  slower.  The  expircUion  also  begins  with  moderate  rapidity, 
is  then  accelerated,  and  becomes  much  slower  at  the  latter  part,  so  that  the 
curve  falls  very  gradually. 

Inspiration  is  slightly  shorter  than  Expiration. — According  to  Sib- 
son,  the  ratio  for  an  adult  is  as  6  to  7 ;  in  women,  children  and  old  people,  6 
to  8  or  6  to  9.  Vierordt  found  the  ratio  to  be  10  to  14.1  (to  24.1);  J.  R. 
Ewald,  II  to  12.  [For  all  practical  purposes  the  following  represents  the 
ratio : — 

Inspiration  :  Expiration  :  :  5  :  6.] 

It  is  only  occasionally  that  cases  occur  where  inspiration  and  expiration  are 
equally  long,  or  where  expiration  is  shorter  than  inspiration.  When  respiration 
proceeds  quietly  and  regularly,  there  is  usually  no  pause  (complete  rest  of  the 
chest-walls)  between  the  inspiration  and  expiration.  The  very  flat  part  of  the 
expiratory  curve  has  been  wrongly  regarded  as  due  to  a  pause.  Of  course,  we 
may  make  a  volimtary  pause  between  two  respirations,  or  at  any  part  of  a  respi- 
ratory act. 

Some  observers,  however,  have  described  a  pause  as  occurring  between  the  end  of  expiratioD 
and  the  beginning  of  the  next  inspiration  (expiration  pause),  and  also  another  pause  at  the  end 
of  inspiration  (inspiration  pause).  The  latter  is  always  of  very  short  duration,  and  considerably 
shorter  than  the  former.  During  very  deep  and  slow  respiration,  there  is  usually  an  expiratioii 
pause,  while  it  is  almost  invariably  absent  during  rapid  breathing.  An  inspiration  pause  is  always 
absent  under  normal  circumstances,  but  it  may  occur  under  pathological  conditions. 

In  certain  parts  of  the  respiratory  curve  slight  irr^;ularities  may  appear,  which  are  sometimes 
due  to  vibrations  communicated  to  the  thoracic  walls  by  vigorous  heart-beats  (fig.  158). 

The  "type  of  respiration"  may  be  ascertained  by  taking  curves  from 
various  parts  during  the  respiratory  movements.  Hutchinson  showed  that,  in 
the  female,  the  thorax  is  dilated  chiefly  by  raising  the  sternum  and  the  ribs 
(Respiratio  costalis),  while  in  man  it  is  caused  chiefly  by  a  descent  of  the  dia- 
phragm  (Respiratio  diaphragmatica  or  abdominalis).  In  the  former  there  is 
the  so-called  ''costal  type,"  in  the  latter  the  ''diaphragmatic  or  abdom- 
inal type." 

This  difference  in  the  type  of  respiration  in  the  sexes  occurs  only  during  normal  quiet  respira- 
tion. During  deep  and  forced  respiration,  in  both  sexes  the  dilatation  of  the  chest  is  caused 
chiefly  by  raising  the  chest  and  the  ribs.  In  man,  the  epigastrium  may  be  pulled  in  sooner  than 
it  is  protruded.  During  sleep,  the  type  of  respiration  in  both  sexes  is  thoracic,  while  at  the 
same  time  the  inspiratory  dilatation  of  the  chest  precedes  the  elevation  of  the  abdominal  wall 
(Mosso).  It  is  not  determined  whether  the  costal  type  of  respiration  in  the  female  depends  up(» 
the  constriction  of  the  chest  by  corsets  or  other  causes  (Sidson)^  or  whether  it  is  a  natural  adap- 
tation to  the  child-bearing  function  in  women  (^Hutchinson).  Some  observers  maintain  that  the 
difference  of  type  is  quite  distinct,  even  in  sleep,  when  all  constrictions  are  removed ;  and  that 
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imiUr  differcDcei  are  noticeable  in  jonng  childm.  This  is  denied  by  others,  while  ■  third 
dm  of  obscrren  hold  that  the  coital  type  occurt  id  children  oT  both  lexei,  and  they  ascribe  as 
icanse  the  greater  fleiihilitj  of  the  Hbs  of  children  and  women,  which  pennili  the  muscles  of 
ibe  cheat  to  act  more  efScieDtly  upon  ihe  ribt. 

■II.  PATHOLOGICAL. — [Examination  of  the  Lungi.— The  same  metbodi  ihat 
ue  a^^icable  to  the  heart  apply  here  also,  viz.  — 

I.   Inspection  (inclading  Meniuration). 
II.    Palpation  (including  vocal  fremilus). 

III.  Perciusion  (including  sense  of  reslslance);  and 

IV.  Auscnltalion  (including  tocbI  resonance),] 

[By  LDBpectloa  we  may  determine  the  presence  of  symmetrical  or  unilateral  altCTaliotit  in 
tile  stape  of  [be  chest,  the  preaence  of  bulgii^  or  flattening  at  one  part,  and  variations  in  ihe 
moveioenl  of  the  chesl-wallk.  By  palpation,  (he  pretence  or  ibience,  character,  seat,  and  ex. 
lai  of  any  movements  are  more  tarefuUy  examined.  But  we  may  also  study  what  is  called 
vocal  fremitus  (i  "7),  Percussion  (J  114),  Auacultalion  (j  116).] 


Kig.  ts8. 
pDnunatogiams  obtained  by  means  of  Riegel's  stelhograph.     I,  normal  curves;  II,  curve  from 
a  case  of  emphysema ;  a,  ascending  limb ;  i,  apex  ;  r,  descending  liiob  of  the  Curve.     The 
small  elevations  are  due  to  the  cardiac  impulse. 

[Id  invesigaiiog  the  respiratory  movcnients,  we  should  observe  [  1 ),  (he  frequency  (J  109] ; 
[il,  the  type  (j  110);  (1),  the  nature,  ^baraoUr  asd  eatent  «r  ihe  movements,  noting  also 
whether  they  are  accompanied  by  pain  or  not  ({  no) ;  (4),  the  rhythm.] 

I.  Changes  in  the  mode  of  Movement. — In  persons  suffering  from  disease  of  the  resplra. 
1017  orgatks,  the  dilatation  of  the  chest  may  be  dininiihed  (10  the  extent  of  5  or  6  cm.)  on  iolA 
aides  or  only  on  ene  side.  In  afTeclions  of  the  apex  of  the  lung  (in  phlhiiis),  the  sub-normal 
cxjma^ija  of  (he  upper  part  of  the  wall  of  the  chett  may  be  considerable,  /itlraction  of  ihe 
soft  paiti  of  Ihe  thoracic  wall,  ihe  xiphoid  process,  and  the  parts  where  the  lower  ribs  are  in- 
serted, otxun  in  cases  where  air  cannot  freely  enter  the  chest  during  inspiration,  i.g.,  in  narrow- 
ing of  the  larynx;  when  this  retroclioo  is  confined  to  the  upper  part  of  ihe  ihoracic  wall,  it 
indicates  that  the  portion  of  the  lung  lyinf  under  the  pari  so  aHecled  is  less  extensile  and  diseased. 
Harrison's  Oroove. — In  person*  sullering  from  chronic  difiicully  of  brcalhing,  and  in  whom, 
at  tbc  same  time,  the  diaphragm  acts  energetically,  there  Is  a  slight  groove,  which  pusses  hori. 
zonlallj  odlwards  from  the  xiphoid  canilagc,  Caused  by  the  pulling  in  of  the  soft  pajts  and  cor- 
responding to  the  insertion  of  ihe  diaphragm. 
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The  duration  of  inspiration  ii  lengthened  in  persona  inflerii^  frani  oartowing  of  the 
<t>chea  or  larynx ;  eipiration  is  lengthened  in  cases  of  dilatation  of  ihe  lung,  ts  in  emphysemi, 
where  all  the  exptraloiy  muscles  nmst  be  brought  into  action  (fig.  1 58.  11^. 

TI.  Variationa  in  the  Rhythm — When  the  retpiratocy  appanliu  it  much  affieaed,  there 
is  either  an  increise  or  a  deepening  of  the  respiratioos,  or  both.  When  there  is  great  diilicuhy 
□1'  brealbing,  ibis  is  called  dyspncea. 

Cauaei  of  Dyapncaa.— (ij  Limitation  of  the  exchange  of  ihe respiratory  gases  in  the  blood 
due  to— (a)  diminulion  of  the  respiratory  surface  fas  in  some  diseases  of  Ihe  lungs) ;  (*)  nar- 
rowing of  the  respiratory  passages,  [when  a  child  suclis,  it  breathes  exclusively  ihrongh  the 
aofc,  hence  catarrhal  condilioni-  of  the  nasal  mucous  membrane  ate  fraught  with  danger  to  the 
■child;  (<■)  diminuticm  of  Ihe  red  blood  Corpuscles ;  [rf)  disturbances  of  the  respiratoiy  mcch. 
anism,  {e,  g,,  due  to  affections  of  Ihe  rei[Hralary  muscles  or  nerves,  or  painful  affections  of  the 
chest-wall);  (;)  impeded  circntation  through  the  lungs  due  10  various  forms  of  heartdiseue.  (1) 
Heat-dyspntea. — The  frequency  of  ihe  respirations  is  increased  in  febriti  cenditions.  The 
warm  blood  acts  as  a  direct  irritant  of  the  respiratory  centre  in  (he  medulla  oblongata,  and 
raises  the  number  of  respirations  to  30-60  per  minute  ("  Heot-dyapnrea  ").  If  the  carotids  be 
placed  in  warm  lubes,  so  as  to  heat  the  blood  going  to  the  medulla  oblongata,  the  MUK 
phenomena  are  produced  (J  368).] 

[OrtbopnoBB. — Sometimes  the  difficulty  of  breathing  is  so  great  that  the  person  can  only 
respire  in  the  erect  position,  1'.  i.,  when  he  sits  or  ii  propped  np  in  bed.  This  occurs  frequently 
towirds  the  close  of  some  heart  affections,  notably  in  mitral  lemons;  dropsical  condilionl,  tspe- 
.  cially  of  the  cavities,  may  be  present,] 

Cbeyne- Stokes'  Phenomenon. — This  remarkable  phenomenon  occurs  in  certain  disesaes, 
-wiierc  (he  normal  supply  of  blood  I0  the  brain  is  altered,  or  where  ihe  quality  of  the  blood  itself 
is  altered,  e.  g,,  iu  certain  affections  of  the  brain  and  heart,  and  in  ursemic  j)oisoning.     Respira- 


Fig.  '59- 
Tnidog  of  Cbeyne-Slokes'  breathing  {GUsoh). 

tory  pauses  of  one-half  to  three-quarlei*  of  a  minute  aliemaie  with  a  shcrt  period  [}i-)i  min.) 
-of  increased  resfMraloiy  activity,  and  durii^  ihis  time  30-30  respirations  occur.  The  reqiira- 
lions  consiiiutii^  this  "  series"  are  shallow  at  first;  gradually  Ihey  become  deeper  and  deeper, 
and  finally  become  shallow  or  superficial  again.  Then  follows  ibe  pause,  and  Ihtis  there  i*  an 
alternation  of  pauses  and  series  (or  groups)  of  modified  retfurationa 

[F'K-  ^59  shows  a  tracing  of  the  respiratory  movements.  The  increase  from 
shallow  to  deeper  respirations  is  sometimes  called  the  "  ascending  phase,"  and 
the  reverse  the  "descending  phase."  As  will  be  seen,  the  pause  occupies 
-somewhat  less  than  the  half  of  one  period.  Dixon  Mann  has  recorded  a  case 
where  this  phenomenon  lasted  for  more  than  a  year.l  During  the  pause,  the 
pupils  are  contracted  and  inactive;  and  when  the  respirations  begin,  they  dilate 
and  become  sensible  to  light ;  the  eyeball  is  moved  as  a  whole  at  the  same  time. 
[Mann  found  that  the  pupils  did  not  contract  during  the  pause,  nor  was  there 
any  change  in  their  size  on  the  return  of  breathing.^  Hein  observed  that 
consciousness  was  abolished  during  the  pause,  and  that  it  returned  when  respi- 
ration commenced. 

Causes. — Luciani  and  Rosenboch  regard  variations  in  the  excitability  of  the  respiratory 
-centre  as  the  cause  of  the  phenomenon,  which  they  compare  with  Ihe  periodic  contraction  of  the 
heart  (}  58).  The  exdlability  of  the  respiratory  centre  is  lowest  during  ihe  pause.  They  ob- 
served ihis  phenomenon  after  itijury  to  tbe  medulla  ohiongala  al>DTe  the  respiratory  centre,  and 
after  apncea  produced  in  animals  deeply  narcotized  with  opium,  and  in  the  last  stages  of  asphyxia, 
during  res[MrBtioD  in  a  closed  space.  During  hibernation,  Ihis  mode  of  retpriraiion  is  iKinnal 
■n  Myoxus,  the  hedgebi^,  and  the  caiman. 


Sec.  III.]  MUSCLES   OF   INSPIRATION.  2O3 

Periodic  Respiration. — If  frogs  be  kept  undjer' water,  or  if  the  aorta  be  clamped,  after 
several  hours  they  become  passive.  If  they  be  taken  out  of  the  water,  or  if  the  clamp  be  re- 
moved from  the  aorta,  they  gradually  recover  and  always  exhibit  the  Cheyne-Stokes'  phenome- 
non. In  such  frogs  the  blood -current  may  be  arrested  temporarily,  while  the  phenomenon  itself 
remains  (Sokoi<fw  and  Luchsinger),  If  the  blood-current  be  arrested  by  ligature  of  the  aorta, 
or  if  the  fn>gs  be  bled,  the  respirations  occur  in  groups.  This  is  followed  by  a  few  single  respi- 
rations, and  then  the  respiration  ceases  completely.  During  the  pause  between  the  periods, 
mechanical  stimulation  of  the  skin  causes  the  discharge  of  a  group  of  respirations  {Siebert  and 
Langendorff\ 

Action  of  Drugs. — Muscarin,  digitalin,  curare,  chloral,  sulphuretted  hydrogen,  and  the  poison 
of  many  infectious  diseases  (typhus,  diphtheria,  scarlet  fever)  may  also  cause  periodic  respiration 
[which  is  not  due  to  the  action  of  these  drugs  on  the  heart! . 

Periodic  respiration  without  any  variation  in  the  size  of  the  individual  respirations — the  so- 
called  «*  Biot's  respiration  " — occurs  normally  during  sleep.  While  the  nervous  system  as  it 
were  strives  to  rest,  and  thus  forgets  the  respiration,  the  organism  does  not  observe  the  short 
passes  {^Mosso),  [There  is  a  perxxlic  increase  or  decrease  in  the  depth  of  the  respiration,  espe- 
cially in  old  people  and  children,  even  to  the  extent  of  the  respiration  becoming  <<  remittent,"  or 
even  **  intermittent,"  for  a  period  of  30  sec.  during  sleep.  During  periodic  respiration  the  acdon 
of  the  several  re^ratory  muscles  does  not  coincide.  As  a  rule,  one  respires  more  than  is  required 
by  the  organism.  Mosso  calls  this  **  luxus-respiration."]  Periodic  irregularities  in  the  respi- 
ration are  often  of  reflex  origin  (Knoll), 

zza.  GENERAL  VIEW  OP  THE  RESPIRATORY  MUSCLES. 

(A)  Inspiration. 

I.  During^  Ordinary  Inspiration. 

1.  The  diaphragm  {Nervus phrenicui^. 

2.  The  Mm.  levatores  costarum  longi  et  breves  {^Rami-posteriores  Nn,  dorsa- 
Hum). 

y  The  Mm.  intercostales  externi  et  intercartilaginei  (^«.  intercosfales), 

[Ordinary  inspiration,  therefore,  is  both  diaphragmatic  and  costal,  /'.  e.^  it  is 
essentially  a  muscular  act  brought  about  under  the  influence  of  the  central  ner- 
vous system,  by  a  series  of  co-ordinated  muscular  movements.  The  diaphragm 
contracts,  and  the  ribs  are  raised,  at  least  all  except  the  first.  The  ribs  are  raised 
by  the  levatores  costarum,  and  the  external  and  internal  intercostal  muscles  (p. 
206).] 

II.  During  Porced  Inspiration. 

{a)  Muscles  of  the  Trunk, 

1.  The  three  Mm.  scaleni  {^Rami  musculares  of  the  plexus  cervicalis  et  bra- 
chiaiis^. 

2.  M.  stemocleidomastoideus  (Ram,  extemus  N,  accessorii), 

3.  M.  trapezius  {R,  extemus  N,  accessorii  et  Ram,  musculares  plexus  cervi- 
calis'), 

4.  M.  pectoralis  minor  (Nn.  thoracici  anteriores), 

5.  M.  serratus  posticus  superior  (N,  dorsalis  scapula), 

6.  Mm.  rhomboidei  {N.  dorsalis  scapula), 

7.  Mm.  extensores  columnar  vertebralis  (Ram.  posteriores  nervorum  dorsa- 
Hum), 

[8.  Mm.  serratus  anticus  major  (^N,  thoracicus  longus),  ?  ?] 

(b)  Muscles  of  the  Larynx, 

1.  M.  stemohyoideus  (Ram.  descendens  hypoglossi), 

2.  M.  stemothyreoideus  (Ram.  descendens  hypoglossi), 

3.  M.  crico-arytaenoideus  posticus  (N.  laryngeus  inferior  vagi), 

4.  M.  th)rreo-arytaeno!deus  (N,  laryngeus  inferior  vagt). 
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(c)  Muscles  of  the  Face, 

1.  M.  dilatator  narium  anterior  et  posterior  {N.  facialis). 

2.  M.  levator  alse  nasi  (^.  facialis), 

3.  The  dilators  of  the  mouth  and  nares^  during  forced  respiration,  [''  gasping 
for  breath"]  {N.  facialis). 

(//)  Muscles  of  the  Pharynx, 

1.  M.  levator  veli  palatini  {N.  facialis), 

2.  M.  azygos  uvulae  {N,  faciaUs), 

3.  According  to  Garland,  the  pharynx  is  always  narrowed. 

[Or,  classified  according  to  their  action,  the  auxiliary  muscles  of  forced 
inspiration  are  those  that  elevate  the  ribs  directly  or  indirectly,  or  fix  the 
lower  jaw,  so  that  muscles  attached  to  The  hyoid  bone  can  act  (Jiutherford). 

(Mylo-hyoid. 
StyirhyoWL" 
Digastric. 

Sterno-mastoid. 
TH.  sumu.  is  raise,  fy  \  iJir  & 

Thyro-hyoid. 

Scaleni. 
The  upper  rids  are  raised  by  \  Cervicalis  ascendens. 

Serratus  posticus  superior. 

Trapezius. 
The  shoulder  girdle    is    raised   and  J  Levator  anguli  scapulse. 
drawn  backwards  by  1  Rhomboideus  major. 


1 


The  folloTving  muscles  pull  on  the  ribs 


"  mmor. 

Pectoralis  major. 
"        minor. 


and  tend  to  approach  them  to  the  raised  "S  o  u^i 


shoulder  girdle : — 


^  Serratus  magnus.] 


(B)  Expiration. 
I.  During  Ordinary  Respiration. 

The  thoracic  cavity  is  diminished  by  the  weight  of  the  chest-wall,  the  e/as^ 
ticity  of  the  lungs,  costal  cartilages,  and  abdominal  wall  and  abdominal  contents. 

[Ordinary  expiration,  therefore,  is  non-muscular,  and  the  act  is  a  purely 
passive  one.] 

II.  During  Forced  Respiration. 

The  Abdominal  Muscles, 

1.  The  abdominal  muscles  [including  the  obliquus  extemus  and  intern  us, 
and  transversal  is  abdominis]  {Nn,  abdominis  internis  anteriores  e  nervis  inter- 
costalibuSf  8-12). 

2.  Mm.  intercostales  intemi,  so  far  as  they  lie  between  the  osseous  parts  of 
the  ribs,  and  the  Mm.  infracostales  {Nn,  intercostales), 

3.  M.  triangularis  stern i  {Nn,  intercostales). 

4.  M.  serratus  posticus  inferior  {Ram.  extemi  nerv,  dorsalium). 

5.  M.  quadratus  lumborum  {Ram.  muscular  e  plexu  lumbali). 

6.  Rectus  abdominis  {Nn.  intercostales y  7-12). 

7.  Levator  ani  {Nn.  sacraleSy  3-4). 
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(  Obliquus  extern  us. 
[The aitiominal contents  are (omfressed  j  "        internus. 

and /oreed  agaitut  the  diaphragm  by  {  Transvereus  abdominis. 

I  Levator  ani. 
[  Rectus  abdominis. 

{Rectus  abdominis. 
Quadratus  lumbonim. 
^iratu.  posticus  inferior. 
Triangularis  sterni.] 
113.  ACTION   OP   THE   INDIVIDUAL   RESPIRATORY   MUSCLES.  — (A) 
IUBpirMion. — (1)  The  Diaphragm  arises  from  the  cartilages  and  the  adjoining  osseoiu  pam 
of  Che  lower  tii  libi  (costal  portioo),  by  iwo  thick 
processes  or  cmra,   from  the   upper  three  or  four 
liuDbar  venebrx,  and  a  sterDal  portion  from  ihe 
lack   of  Ihe  etuirorm   process.     It   represents  an 
arched  donhta  cupola  or  dome-shaped  partition, 
directed  towards  the  chest;  in  the  larger  concarily 
OQ  the  right  side  lies  the  liver,  while  the  smaller 
uth  on  the  left  side  is  occupied  bj  ihe  spleen  and 
(tomach.   During  Ihe  passive  condition, these  viscera 
■re  pressed  (gainst  the  under  surlace  of  the  dla- 
phiagm  bjthc  eluticily  of  the  abdoininal  walls,  and 
by  the  intra-abdominal  pressure,  so  that  the  arch  of 
the  diaphragm  is  pressed  upwards  into  the  chest. 
The  elastic  Iractioa  of  the  lungs  alio  aids  in  pro- 
docing  this  remlL     The  greater  part  of  the  upper 
sorfjice  of  the  central  tendon  of  the  diaphragm  is 
nniled  to  the  pericardium.     The  pari  on  which  the 
heut  Tests,  and  which  is  perforated  by  the  inferior 
*«Da  cs*a  (Ibnunen  qnadrilaterum)  is  the  deepest 
part  of  the  middle  portion  of  the  diaphragm  during 
the  passive  condition. 

Action  of  the  Diaphragm. — When 
the  diaphragm  contracts,  both  arched  por- 
tions become  flatter,  and  the  chest  is  ther^y 
elongated  from  above  downwards.     In  this 

act,  the  lateral  muscular  parts  of  the  dia^  Fig,  160. 

phragm  pass  from  an  arched  condition  into  Sagittal  section  through  the  second  rib  on 
a  flatter  form  (fig.  l6o),  and  during  a  forced  the  right  side.  When  the  arched  mus- 
inspiralion  the  lowest  lateral  portions,  cular  pert  of  the  diaphragm  cootrwts « 
.hich  during  r«t  are  i„  conjac.  with  , he  ZX^'eirjir.?  rSiSc". 
chcst-wall,  become  separated  from  it.  The  ence  of  the  lower  part  of  the  chest, 
middle  of  the  centri  tendon  where  the 

heart  rests  (fixed  by  means  of  the  pericardium  and  inferior  vena  cava),  takes 
no  share  in  this  movement,  especially  in  ordinary  quiet  breathing,  but  during 
the  deepest  inspiration  it  sinks  somewhat. 

Uiidoabledly,  the  diaphragm  ii  the  most  powerful  agent  in  increasing  the  cavity  of  the  cheat, 
BrQcke  believes  that  in  addition  to  increasing  the  length  of  the  thoracic  cavity  from  alrave  down- 
wards, it  also  increases  the  transvene  diameter  of  the  lower  port  of  the  chest.  It  presses  upon 
the  abdooiinaJ  viacos  from  above,  and  strives  to  press  these  outwards,  thus  tending  to  push  out 
the  adjoining  thoracic  wall.  If  the  Contents  of  the  abdomen  are  removed  from  a  living  animal, 
ctery  time  the  diaphragm  contracts  the  rib«  are  drawn  inwards.  This,  of  course,  binders  the 
chest  from  becoming  wider  below,  hence  the  presence  of  the  abdominal  viscera  seems  to  be 
necessary  for  the  normal  activity  of  the  diaphragm.  Every  contraction  of  the  diaphragm,  by 
inciiaiiug  the  iotra-atidominal  pressure,  favors  the  venous  blood-current  in  the  abdomen  towards 
the  vena  cava  inferior. 

Phrenic  Nerve. — The  inunense  importance  of  the  diaphragm  as  Ihi  grtal  inspiratory  muscle 
is  proved  by  the  fact  that,  after  both  phrenic  nervei  (third  and  fourth  cervical  nerves)  are 
divided,  death  occurs  in  some  animals.     [In  animals  where  the  intercostal  muscles  play  a  large 
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part  in  the  act  of  inspiration,  as  in  the  dog,  section  of  these  nerves  does  not  produce  death 
rapidly.]  The  phrenic  nerve  contains  some  sensory  fibres  for  the  pleura,  pericardium,  and  a 
portion  of  the  diaphragm.  [Ganglionic  cells  have  been  found  in  the  course  of  the  inter- muscular 
fibres  of  thephrenics.]  The  contraction  of  the  diaphragm  is  not  to  be  regarded  as  a  **  simple 
muscular  contraction,^'  since  it  lasts  4  to  8  times  longer  than  a  simple  contraction ;  it  is  rather  a 
short  tetanic  contraction,  which  we  may  arrest  in  any  stage  of  its  activity,  without  bringing  into 
action  any  antagonistic  muscles  (JCronecker  and  Marckwald)^ 

(2)  The  Elevation  of  the  Ribs. — The  ribs  at  their  vertebral  ends  (which  lie  much  higher 
than  their  sternal  ends)  are  united  by  means  of  joints  by  their  heads  and  tubercles  to  the  b<^es 
and  transverse  processes  of  the  vertebrae.  A  horizontal  axis  can  be  drawn  through  both  joints, 
around  which  the  ribs  can  rotate  upwards  and  downwards.  If  the  axis  of  rotation  of  each  pair 
of  ribs  be  prolonged  on  both  sides  until  they  meet  in  the  middle  line,  the  angles  so  formed  are 
greatest  above  ( 1 25^),  and  smallest  below  (88^).  Owing  to  the  ribs  being  ctirved,  we  can  imagine 
a  plane  which,  in  the  passive  (expiratory)  condition  of  the  chest,  has  a  slope  from  behind  and 
inwards  to  the  front  and  outwards.  If  the  ribs  move  on  their  axis  of  rotation,  this  plane  becomes 
more  horizontal,  and  the  thoracic  cavity  is  increased  in  hs  transverse  diameter.  As  the  axis  of 
rotation  of  the  upper  ribs  runs  in  a  more  frontal,  and  that  of  the  lower  ribs  in  a  more  sagittal 
direction,  the  elevation  of  the  upper  ribs  causes  a  greater  increase  from  before  backwards,  and 
the  lower  ribs  from  within  outwards  (as  the  movements  of  ribs  which  are  directed  downwards  are 
vertical  to  the  axis).  The  costal  cartilages  undergo  a  slight  tension  at  the  same  time,  which 
brings  their  elasticity  into  play. 

Changes  in  the  Chest. — All  inspiratory  muscles  which  act  directly 
upon  the  chest-wall  do  so  by  raising  the  ribs  :-^{a)  When  the  ribs  are  raised, 
the  intercostal  spaces  are  widened.  (^)  When  the  upper  ribs  are  raised,  all  the 
lower  ribs  and  the  sternum  must  be  elevated  at  the  same  time,  because  all  the 
ribs  are  connected  with  each  other  by  means  of  the  soft  parts  of  the  intercostal 
spaces,  (c)  During  inspiration,  there  is  an  elevation  of  the  ribs  and  a  dilatation 
of  the  intercostal  spaces.  (The  lowest  rib  is  an  exception :  during  forced 
respiration,  at  least,  it  is  drawn  downwards.)  (//}  If,  on  a  preparation  of  the 
chest,  the  ribs  be  raised  as  in  inspiration,  we  may  regard  all  those  muscles  as 
elevators  of  the  ribs,  whose  origin  and  insertion  become  approximated. 
Every  one  is  agreed  that  the  scaleni  and  levatores  costarum  longi  et  breves^  the 
serratus  posticus  superior,  are  inspiratory  muscles.  These  are  the  most  impor- 
tant inspiratory  muscles  which  act  upon  the  ribs. 

Intercostal  Muscles. — With  regard  to  the  action  of  the  intercostal  muscles, 
there  is  a  great  difference  of  opinion.  According  to  the  above  experiment,  the 
external  intercostals  and  the  inter-cartilaginous  parts  of  the  internal  intercostals 
act  as  inspiratory  muscles,  whilst  the  remaining  portions  of  the  internal  inter- 
costals (as  far  as  they  are  covered  by  the  external)  are  elongated  when  the  nbs 
are  raised,  while  they  shorten  when  the  chest- wall  descends.  A  muscle  shortens 
only  during  its  activity.  The  internal  intercostals  were  regarded  by  Hamberger 
as  depressors  of  the  ribs  or  expiratory  muscles. 

In  fig.  161, 1,  when  the  rods,  a  and  b  (which  represent  the  ribs),  are  raised,  the  intercostal 
space  must  be  widened  {e  fyc  d).  On  the  opposite  side  of  the  figure,  it  is  erident  that  whea 
the  rods  are  raised,  the  line  ^  ^,  is  shortened  (f  k<^  hy  direction  of  the  external  intercostals)  /  m  is 
lengthened  (/  m<^  m,  direction  of  internal  intercostals).  Fig.  1 6 1 ,  II,  shows,  that  when  the  ribs  are 
raised,  the  inter-cartilaginei,  indicated  by  ^  ^,  and  the  external  intercostals,  indicated  by  /  k^ 
are  shortened.  When  the  ribs  are  raised,  the  position  of  the  mustular  fibres  is  indicated  by  the 
diagonal  of  the  rhomb  becoming  shorter. 

The  mode  of  action  of  the  intercostal  muscles  is  an  old  story,  Galen  (131-203  A.  D.)  regarding 
the  externals  as  inspiratory,  the  internals  as  expiratory.  Hamberger  (1727)  accepted  this 
proposition,  and  considered  the  inter-cartilaginei  also  as  inspiratory.  Haller  looked  upon  both 
the  external  and  internal  intercostals  as  inspiratory,  while  Vesalius  (1540)  regarded  both  as 
expiratory.  Landerer,  obsenring  that  the  upper  two  or  three  intercostal  spaces  became  narrowr 
during  inspiration,  regarded  both  as  active  during  inspiration  and  expiration.  They  keep 
one  rib  attached  to  the  other,  so  that  their  action  b  to  transmit  any  strain  put  upon  them  to  the 
wall  of  the  chest.  On  this  view  they  will  be  in  action,  even  when  the  distance  between  their 
points  of  attachment  becomes  greater.  Landois  regards  the  external  intercostals  and  Inter- 
cartilaginei  as  active  only  during  inspiration,  the  internal  intercostals  only  during  expiration. 
Martin  and  Hartwell  exposed  the  internal  intercostals,  and  observed  whether  they  contracted 
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ilong  with  the  diB{diragm,  or  whether  the  contiwcUoDs  of  ihese  two  muscles  alternaie.  As  the 
result  of  ihdr  eipetJments,  tbej  conclude  ibal "  the  ioiemal  mtercostal  muscles  ate  expimtorr 
througboDt  their  whole  extent,  at  le«sc  in  the  dog  and  cat;  and  that  in  the  former  aoimsl  ihep 
■re  almost  '  ordinary '  muiclei  of  respiration,  while  in  the  latter  they  are '  extraordinary  ' 
reipiralory  muscles  "]      Landois  i»  of 

opinion  that  the  rkitf  action  of  these  1. 

Busclet  is  not  to  raise  or  depress  the     — ^  ■'' 

libi.  but  rather  that  the  eiteroal  intrr- 
costals  and  the  inter-cartilaemei  offer 
mistance  to  the  inSfHiatory  dilatation 
of  the  iolercostal  spaces,  and  to  the 
simultaneously  increased  elastic  lensioo 
of  the  lungs.  The  internal  inlercostats 
■ct  during  powerflil  expiratory  eflbils 
(r. /..  cDui-hing],  and  oppose  the  dis- 
tcniioo  of  the  lungs  and  chest  causeit 
by  this  act.  Unless  muscles  were 
preseni  to  resin  the  unintentipled  ten. 
sicG  and  piessnre,  the  intercostal  sub- 
stance wonld  become  so  distended  that 
Tcspiiation  would  be  impossible.  [Ac- 
coniiiig  to  Rntbertbrd,  the  internal  in- 
icTcoslals  are  probably  muscles  of  in- 

The  Pectoralis  minor  and 
(7  Seiratus  anticus  major) 
can  only  act  as  elevaiore  of  the 
ribs  when  the  shoulders  are 
fixed,  partly  by  the  rhotnboidei, 
and  partly  by  fixing  the  shotilder- 
joint  and  supporting  the  arms,  as 
is  done  instinctively  by  persons 
suffering  from  breath lessness. 

(3)  Muscles  acting  on  the 


Scheme  of  the  a< 


Fig.   161. 
tion  of  the  intercostal  muscles. 


Sternum,  Clavicle,  and  Vertebral  Column. — When  the  head  is  tixed  by 
the  muscles  of  the  neck,  the  sternocleidomastoid  raises  the  manubrium  sterni 
and  the  sternal  end  of  the  clavicle,  so  that  (he  thorax  is  raised  and  thereby 
dilated.  The  scaleni  also  aid  in  thisact.  The  clavicular  portion  of  the  trape- 
zius may  act  in  a  similar  although  less  energetic  manner.  When  the  vertebrat 
column  is  straightened,  it  causes  an  elevation  of  the  upper  ribs,  and  a  dilatation 
of  the  intercostal  spaces  which  aid  inspiration.  During  deep  respiration,  the 
straightening  of  the  vertebral  column  takes  place  involuntarily. 

(4)  Laryngeal  Movements. — During  labored  respiration,  with  every 
inspiration,  the  larynx  descends  and  the  glottis  is  opened.  At  the  same  time 
the  palate  is  raised,  so  as  to  permit  a  free  passage  to  the  air  entering  through 
the  mouth. 

(5)  Facial  Movements. — During  labored  respiration,  the  facial  muscles 
are  involved;  there  is  an  inspiratory  dilatation  of  the  nostrils  (well-marked  in 
the  horse  and  rabbit).  When  the  need  for  respiration  is  very  great,  the  mouth  is 
gradually  widened,  and  the  person,  as  it  were,  gasps  for  breath.  During  expira- 
tion, the  muscles  that  are  active  during  (4)  and  (5)  relax,  so  that  a  position  of 
equilibrium  is  established  without  there  being  any  active  expiratory  movement. 
10  counteract  the  inspiratory  movement.  During  inspiration  the  pharynx 
bc(X)mes  narrow  {Garland). 

(B)  Bxpiration. — Ordinary  expiration  occurs  without  the  aid  of 
muscles,  owing  to  the  weight  of  the  chest-wall,  which  tends  to  fall  into 
its  normal  position  from  the  position  to  which  it  was  raised  during  inspiration. 
This  is  aided  by  the  elasticity  of  the  various  parts  of  the  chest.     When  the 
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costal  cartilages  are  raised,  which  is  accompanied  by  a  sIfgFit  rotation  of  thdr 
lower  margins  from  below  forwards  and  upwards,  tl^eir  elasticity  is  called  into 
play.  As  soon,  therefore,  as  the  inspiratory  forces  cease,  the  costal  cartilages 
return  to  their  normal  position,  i.  e.,  the  position  of  expiration,  and  tend  lo 
untwist  themselves ;  at  the  same  time,  the  elasticity  of  the  lungs  dran-s 
upon  the  thoracic  walls  and  the  diaphragm.  Lastly,  the  tense  and  elastic 
abdominal  walls,  which,  in  man  chiefly,  are  stretched  and  pushed  forward, 
tend  to  return  to  their  non-distended  passive  condition  when  the  abdominal 
viscera  are  relieved  from  the  pressure  of  the  contracted  diaphragm.  (When 
the  position  of  the  body  is  reversed,  the  action  of  the  weight  of  the  chest  is 
removed,  but  in  place  of  it  there  is  the  weight  of  the  viscera,  which  press 
upon  the  diaphragm.) 

The  abdominal  muscles  [obliquus  internus  and  externus,  rectus  atxlomi- 
nis,  transversalis  abdominis  and  levator  aoi]  are  always  active  during  labored 
respiration.  They  act  by  diminishing  the  abdominal  cavity,  and  they  press 
the  abdominal  contents  upwards  against  the  diaphragm.  When  they  act  simul- 
taneously, the  abdominal  cavity  is  diminished  throughout  its  whole  extent. 


Cyrtometer  curve.     Left  tide  of  the  chest  re- 
Iracted  in  a  girl  aged  twelve. 

The  triangularis  stemi  depresses  the  sternal  ends  of  the  united  cartilages 
and  bones,  from  the  third  to  sixth  ribs  downwards ;  and  the  serratus  pos- 
ticus inferior  depresses  the  lowest  four  ribs,  causing  the  others  to  follow. 
It  is  aided  by  the  quadratus  lumborum,  which  depresses  the  last  rib.  Ac- 
cording to  Henle,  the  serratus  posticus  inferior  fixes  the  lower  ribs  for  the 
action  of  the  slips  of  the  diaphragm  inserted  into  them,  so  that  it  acts  during 
inspiration.  According  to  Landerer,  the  downward  movement  of  the  ribs  in 
the  lower  part  of  the  thorax  dilates  the  chest. 

In  the  erect  position,  when  the  vertebral  column  is  Hxed,  deep  inspiration  and  expintticMi 
naturally  alter  the  position  of  the  centre  of  gravity,  so  that  during  inspiration,  owing  to  the 
proinisiOD  of  the  thoracic  and  abdominal  walls,  the  centre  of  gravily  lies  somewhat  mure  to 
the  front.  Hence,  wilh  each  respiration  there  is  an  involuntary  l>alancing  of  (he  hody.  During 
very  deep  inspiration,  the  accompanjing  straightening  of  the  vertebral  column  and  the  throwing 
backwards  of  the  head  compen^e  for  the  protrusion  of  Ibe  anterior  walls  of  the  tmnk. 

114.  RELATIVE  DIMENSIONS  OF  THE  CHEST.— The  di- 
ameter of  the  chest  is  ascertained  by  means  of  callipers ;  the  circumference 
with  a  flexible  centimetre  or  other  measure. 
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Id  Strong  men,  the  circumference  of  the  upper  part  of  the  chest  (immedi- 
ately under  the  arms)  is  SS  centimetres  (34.3  inches),  in  females  8a  centimetres 
(32  inches);  at  the  level  of  the  ensiform  process  82  centimetres  (32  inches)  and 
78  centimetres  (30.4  inches)  respectively.  [In  health  the  chest  expands  from 
i^  to5  inches  during  forced  inspiration.]  When  the  arms  are  placed  hori- 
zontally, during  moderate  expiration,  the  circumference  immediately  under  the 
nipple  and  the  angles  of  the  scapulae  is  equal  to  half  the  length  of  the  body ; 
in  man  82,  and  during  deep  inspiration  89  centimetres.  The  circumference 
at  the  level  of  the  ensiform  cartilage  is  6  centimetres  less.  In  old  people,  the 
circumference  oC  the  upper  part  of  the  chest  is  diminished,  so  that  the  lower 
part  becomes  the  wider  of  the  two.  The  right  half  of  the  chest  is  usually 
slightly  larger  than  the  left  half,  owing  to  the  greater  development  of  the 
muscles  on  that  side.  The  long  diameter  of  the  chest — from  the  clavicle  to 
the  margin  of  the  lowest  rib — varies  very  much. 

The  transverse  diameter  in  man,  above  and  below,  is  25  to  26  centime- 
tres (9.7  to  10. 1  inches),  in  females  23  to  24  centimetres  (8.9  to  9.2  inches)  ; 
above  the  nipple  it  is  i  centimetre  more.  The  antero-posterior  diameter 
(distance  of  anterior  chest-wall  from  the  tip  of  a  spinous  process)  in  the  upper 
part  of  the  chest  is  =  17  (6.6  inches),  in  the  lower  19  centimetres  (7.4  inches). 
Valentin  found  that  in  a  man,  during  the  deepest  inspiration,  the  chest  on  a 
level  with  the  groove  in  the  heart  was  increased  about  -^  io  ^;  while  Sibson 
estimates  the  increase  at  the  level  of  the  nipple  to  be  ^. 

Thoracometer. — In  order  to  obtain  a  knowledge  of  the  degree  of  movement — ^risingor  fall- 
iog— of  the  chest- wall  during  respiration,  various  instrmnents  have  been  invented.  The 
thoracometer  (fig.  163)  measores  the  elevation  in  different  parts  of  the  sternum.  It  consists  of 
two  metallic  bars  placed  at  right  angles  to  each  other ;  one  of  them,  A,  is  placed  on  the  verte- 
bral column.  On  B  there  Is  placed  a  movable  transverse  bar,  C,  which  carries  on  its  free  end  a 
toothed  rod,  Z,  directed  downwards.  The  lower  end  of  this  rod  is  provided  with  a  pad  which 
rests  on  the  sternum,  while  its  toothed  edge  drives  a  small  wheel,  which  moves  an  index,  whose 
eicursioQS  are  indicated  on  a  circle  with  a  scale  attached  to  it. 

The  Cyitomcter  of  Woillez  consists  of  a  brass  chain  of  movable  links,  to  be  applied  in  a 
definite  direction  to  part  of  the  chest- wall,  e,^.,  transversely  on  a  level  with  the  nipple,  or 
verticallj  npon  the  mammillary  or  axillary  lines  anteriorly.  There  are  freely  movable  hnks  at 
two  parts,  which  permit  the  chain  to  be  easily  removed,  so  that  as  a  whole  it  still  retains  its 
form.  The  chain  is  laid  upon  a  sheet  of  paper,  and  a  line  drawn  with  a  pencil  around  its  inner 
maigin  gives  the  form  of  the  thorax  (fig.  162).  [Two  thin  bands  of  lead  united  by  a  leather 
hinge  answers  the  same  purpose.] 

Anatomical  Relations  and  Limits  of  the  Lungs. — The  extent  and 
boundaries  of  the  lungs  are  ascertained  in  the  living  subject  by  means  of  per- 
cussion, which  consists  in  lightly  tapping  the  chest-wall  by  means  of  a  per- 
cussion-hammer. A  small  ivory  or  bone  plate  or  pleximeter,  held  in  the 
left  hand,  is  laid  on  the  chest,  and  the  hammer  is  made  to  strike  this  plate, 
whereby  a  sound  is  emitted,  which  sound  varies  with  the  condition  of  the  sub- 
jacent lung-tissue.  Whenever  the  lung-substance  in  contact  with  the  chest-wall 
contains  air,  a  clear  resonant  tone  or  sound — such  as  is  obtained  by  striking  a 
vessel  containing  air,  a  clear  percussion-sound — is  obtained.  Where  the  lung 
does  not  contain  air,  a  dull  sound — like  striking  a  limb^is  obtained.  If  the 
parts  containing  air  be  very  thin,  or  only  partially  filled  with  air,  the  sound  is 
"muffled." 

Fig.  164  indicates  the  relation  of  the  lungs  to  the  anterior  surface  of  the 
chest.  The  apices  of  the  lungs  reach  3  to  7  centimetres  (i.i  to  2,7  inches)  above 
the  clavicles  anteriorly,  while  posteriorly  they  reach  as  high  as  the  level  of  the 
seventh  spinous  process.  The  lower  margin  of  the  right  lung  in  the  passive 
portion  (moderate  expiration)  of  the  chest,  commences  at  the  right  margin  of 
the  sternum  at  the  insertion  of  the  sixth  rib,  runs  under  the  right  nipple,  nearly 
parallel  to  the  upper  border  of  the  sixth  rib,  and  descends  a  little  in  the  axillary 
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line,  to  the  upper  margin  of  the  seventh  rib,  or  even  to  the  eighth  rib  [and  to 
the  ninth  rib  in  the  scapular  line].  On  the  left  side  (apart  from  the  position 
of  the  heart),  the  tower  limit  reaches  as  far  down  anteriorly  as  the  right.  In 
fig.  164  the  line  a,  t,  h,  shows  the  lowest  limit  of  the  passive  lungs.  Poileriorfy 
both  lungs  reach  as  far  down  as  the  tenth  rib.  During  the  deeptst  inspiratiM, 
the  lungs  descend  anteriorly  as  far  as  between  the  sixth  and  seventh  ribs,  and 
posteriorly  to  the  eleventh  rib — whereby  the  diaphragm  is  separated  from  the 
thoracic  wall  (fig.  164).  During  the  deepest  expiration,  the  lower  margins  of 
the  lungs  are  elevated  almost  as  much  as  they  descend  during  inspiration.  In 
fig.  164,  ffi,  n  indicates  the  margin  of  the  right  lung  during  deep  inspiration; 
h,  I,  during  deep  expiration.      [The  part  of  the  chest-wall  covered  by  the 


U  uncoTcred  by  lung,  dull  perciuaioo-Kiund ;    ^,  ^,  1/",  muffled  percouion-soiitMl ;    1 
uuerior  nuu^in  of  left  lung  reaches  this  tine  daring  deep  inspiralioD,  and  during  deep 
expiration  it  lecedei  m  far  as  r,  e'. 

costal  pleura  is  considerably  lai^r  than  the  circumference  of  the  lung.  This  is 
specially  marked  at  the  lower  margin  of  the  lung,  and  where  the  left  lung  is 
incised  over  the  heart.  In  these  regions,  during  expiration,  the  snrfaces  of  the 
visceral  and  parietal  pleurse  are  id  contact,  but  during  inspiration  they  are 
separated,  and  allow  the  thin  margins  of  the  lung  to  be  insinuated  between 
them.  This  available  space  is  called  com  pie  mental  space,  or  "  disposable" 
or  reserve  pleural  space  by  Luschica  (fig.  62).] 

It  is  important  to  otserve  the  relation  of  the  margin  of  the  left  lung  to  the 
heart.  In  fig.  164  a  somewhat  triangular  space,  reaching  from  the  middle  of 
the  point  of  insertion  of  the  fourth  rib  to  the  sixth  rib  on  the  left  side  of  the 
sternum,  is  indicated.  In  the  passive  chest  the  anterior  surface  of  the  pericar- 
dium lies  in  contact  with  the  inner  surface  of  the  thoracic  wall  in  this  triangular 
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area  (§  56).  This  area  is  represented  by  the  triangle  /,  /',  /",  and  percussion 
over  it  gives  a  dull  sound  (superficial  cardiac  dulness,  p.  89). 

In  the  area  of  the  larger  triangle,  </,  /f,  d!\  where  the  heart  is  separated  from 
the  chest- wall  by  the  thin  anterior  margins  of  the  lung,  percussion  gives  a 
muffled  sound,  while  further  outwards  a  clear  lung  percussion-sound  is  obtained. 
Daring  deep  inspiration,  the  inner  margin  of  the  left  lung  reaches  over  the 
heart  as  far  as  the  insertion  of  the  mediastinum,  whereby  the  dull  sound  is 
limited  to  the  smallest  triangle,  /,  /,  f.  Conversely,  during  very  complete 
expiration,  the  margin  of  the  lung  recedes  so  far  that  the  cardiac  dulness  em- 
braces the  space,  /,  ^,  /. 

[The  right  lung  consists  of  three  lobes,  and  the  left  of  two.  The  relations 
of  these  lobes  to  the  chest-wall  are  important  clinically,  and  may  be  tabulated 
as  follows,  according  to  Gibson  and  Russell : — 

Right  Lung  (3  lobes). 


Anteriorly 
(Maounary  Ime). 


Upper  lobe ^ 
Middle  lobe. 

Lower  lobe. 


From  apex  to  4th  or 

5th  rib. 
Ffom  4th  or  5th  rib  to 

inferior    maigio    of 

lung. 

Nil. 


Laterally. 


To  4th  rib. 

From  4th  to  6th  rib. 

From  6th  to  8th  rib. 


Posteriorly. 


From  apex  to  spine  of 
scapula. 

Nil 


From  spine  of  scapula  to 
loth  rib. 


Left  Lung  (2  lobes). 


Anterioriy 
(Mammary  Hue). 


Upper  lobe. 
Lower  lobe. 


From  apex  to  6th  rib. 
Nil. 


Laterally. 


To  4th  rib. 

From  4th  rib  to  base. 


Posteriorly. 


From  apex   to  spine  of 

scapula. 
From  spine  of  scapula  to 

base.] 


Z15.  PATHOLOGICAL  PBRCUSSION-80UND8.— Abnormal  Dulness.— The 
normal  clear  resonant  percussion-sound  of  the  lungs  becomes  muflded  when  infiltration  takes 
place  into  the  hmgs,  so  as  to  diminish  the  normal  amount  of  air  within  them,  or  when  the  lungs 
are  compressed  from  without,  e.  g,,  by  effusion  of  fluid  into  the  pleura.  The  percussion-sound 
becomes  clearer  when  the  chest-wall  is  very  thin,  as  in  spare  indiyiduals,  during  very  deep  in- 
spiration, and  especially  in  emphysema,  where  the  air- vesicles  of  certain  parts  of  Sie  lung  (apices 
and  margins)  be^Mxne  greatly  dilated. 

The  pitch  of  the  percussion-sound  ought  also  to  be  noted.  It  depends  upon  the  greater  or 
leas  tension  of  the  elastic  pulmonary  tissue,  and  on  the  elasticity  of  the  thoracic  wall.  The 
teasion  of  the  elastic  tissue  is  increased  during  inspiration  and  diminbhed  during  expiration,  so 
that  even  under  physic^ogical  conditions  the  pitch  of  the  sound  varies. 

The  sound  is  said  to  be  tjrmpanitic  when  it  has  a  musical  quality  resembling  in  its  timbre 
the  sound  pnxluced  on  drmns,  and  when  it  has  a  slight  variation  in  pitch.  If  a  caoutchouc 
ball  be  placed  near  the  ear,  on  tapping  it  gently,  a  well-marked  tympanitic  sound  is  heard,  and 
the  sosnd  is  of  higher  pitch  the  smaller  the  diameter  of  the  ball.  A  tympanitic  sound  is 
always  piodaced  on  tapping  the  trachea  in  the  neck.  A  tytupanitic  sound  produced  over  the 
chest  is  always  indicoHve  of  a  diseased  condiHon.  It  occurs  in  cases  of  cavities  or  vomicae  within 
the  inhitancr  of  the  lung  (the  sound  becomes  deeper  when  the  mouth,  or  better,  the  mouth 
and  nose,  are  closed),  when  air  b  present  in  one  pleural  cavity,  as  well  as  in  conditions  where 
the  tension  of  the  pulmonary  tissues  is  diminiriied.  The  tympanitic  sound  resembles  the 
metalHc  tinkling  which  is  heard  in  large  pathological  cavities  in  the  lungs,  or  which  occurs 
when  the  plenral  cavity  contains  air,  and  when  the  conditions  which  permit  a  more  uniform 
reflection  of  the  sound-waves  within  the  cavity  are  present. 

[When  a  cavity,  freely  communicating  with  a  large  bronchus,  exists  in  the  upper  and 
anterior  part  of  the  lung,  a  peculiar  "  cracked-pot  sound"  is  heard  on  percussing  over  the 
pan.    Some  notion  of  this  sound  may  be  obtained  by  clasping  the  two  hands  so  as  to  bring  the 
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palms  nearly  together,  leaving  an  air-space  between  them,  and  then  striking  them  on  the  knee. 
When  percussion  is  made  over  a  large  cavity  communicating  with  a  bronchus,  some  of  the  air 
is  expelled  and  the  sound  thereby  emitted  is  blended  with  the  fundamental  note  of  the  air  in 
the  cavity  itself,  the  combination  of  these  two  sounds  thus  producing  the  "cracked-pot** 
sound.j 

Resistance. — When  percussing  a  chest,  we  may  determine  whether  the  substance  lying  under 
the  portion  of  the  chest  under  examination  presents  great  or  small  resistance  to  the  blow,  either 
of  the  percussion-hammer  or  of  the  tips  of  the  fingers,  as.  the  case  may  be,  [>.  g.^  in  great 
pleuritic  effusion  exerting  much  pressure  on,  and  so  distending,  the  thoracic  walls.] 

Phonometry. — If  the  stem  of  a  vibrating  tuning* fork  he  placed  on  the  chest- wall  over  a  part 
containing  aur,  its  sound  is  intensified ;  but  if  it  be  placed  over  a  portion  of  the  lung  which 
contains  little  or  no  air,  its  sound  is  enfeebled  {von  Baas). 

116.  THE    NORMAL    RESPIRATORY   SOUNDS.— If  the  ear 

directly,  or  through  the  medium  of  a  stethoscope,  be  placed  in  connection 
with  the  chest-wall,  we  hear  over  the  entire  area,  where  the  lung  is  in  contact 
with  the  chest,  the  so-called  *'  normal  vesicular  sound,"  which  is  audible 
during  inspiration,  and  its  typical  characters  may  be  studied  by  listening  in  the 
infra-scapular  region  in  an  adult.  It  is  a  fine,  soft,  sighing  or  breezy  sound, 
[which  gradually  increases  in  intensity  until  it  reaches  a  maximum,  and  falls 
away  before  expiration  begins].  It  is  said  to  be  caused  by  the  sudden  dilatation 
of  the  air-vesicles  (hence  "vesicular")  during  inspiration,  and  it  is  also  ascribed 
to  the  friction  of  the  current  of  air  entering  the  alveoli.  The  sound  has,  at  one 
time,  a  soft,  at  another,  a  sharper  character ;  the  latter  occurs  constantly  in 
children  up  to  12  years  of  age.  In  their  case,  the  sound  is  sharper,  because 
the  air,  in  entering  vesicles  one-third  narrower,  is  subjected  to  greater  friction. 
This  is  followed  by  an  expiratory  sound,  which  may  be  absent  during  quiet 
breathing.  It  is  a  feeble  sighing  sound,  of  an  indistinct  soft  character,  caused 
by  the  air  passing  out  of  the  air-vesicles,  is  three  or  four  times  shorter  than  the 
inspiratory,  is  loudest  at  first,  and  soon  disappears,  the  latter  part  of  the  expi- 
ratory act  giving  rise  to  no  audible  sound.  Its  absence  is  not  a  sign  of  disease, 
but  when  it  is  prolonged  and  loud,  suspicion  is  aroused.  The  relative  duration 
of  the  respiratory  sounds  is  : — 

Inspiratory  sound  :  Expiratory  sound  :  :  3  :  i. 

Bronchial  Respiration. — Within  the  larger  air-passages — larynx,  trachea, 
bronchi — during  inspiration  and  expiration,  there  are  loud,  rough,  harsh  sounds 
like  a  sharp  h  or  ch — the  "  bronchial'* — the  laryngeal,  tracheal,  or  '*  tubular" 
sound,  or  breathing.  [In  normal  bronchial  breathing,  as  heard  over  the  trachea, 
there  is  a  pause  between  the  inspiratory  and  expiratory  sounds,  which  are  of 
nearly  equal  duration  and  of  about  the  same  intensity  throughout.  These 
sounds  are  also  heard  between  the  scapulae,  at  the  level  of  the  fourth  dorsal  ver- 
tebra (bifurcation  of  trachea),  and  they  occur  also  during  expiration,  being 
slightly  louder  on  the  right  side,  owing  to  the  slightly  greater  calibre  of  the 
right  bronchus.  At  all  other  parts  of  the  chest,  the  vesicular  sound  obscures 
the  tubular  or  bronchial  sound.  If  the  air-vesicles  are  deprived  of  their  air, 
the  tubular  breathing  becomes  distinct.^ 

Bronchial  respiration  is  produced  chiefly  in  the  larynx,  owing  to  the  forma- 
tion of  air-eddies  in  consequence  of  the  narrowing  of  the  respiratory  part  of  the 
glottis.  This  "laryngeal  stenosis  sound"  excites  resonance  of  the  tracheo- 
bronchial colunm  of  air,  and  communicates  to  it  the  specific  character  of 
bronchial  breathing  which  is  heard  over  the  large  tubes  of  the  bronchial  system 
(^Dehio), 

[On  listening  with  a  stethoscope  over  the  trachea,  or  better  still,  over  the  cervicml  yertebne, 
the  sounds  heard  vary  according  as  the  mouth  is  open  or  closed.  JViik  the  mouth  open,  the  soft- 
blowing  respiratory  sounds  are  about  of  equal  duration,  are  separated  by  a  short  pause,  but  the 
expiratory  is  louder  than  the  inspiratory.     If  the  mouth  be  closed^  and  respiration  consequezttly 
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carried  on  through  the  nose,  it  is  found  that  the  sounds  become  harsher  and  louder.     The  char- 
acter of  the  sounds  also  vary  with  the  rapidity  of  breathing.] 

It  is  asserted  that,  when  lungs  containing  air  are  placed  over  the  trachea,  the  tubular  sound 
there  produced  becomes  vesicular.  In  this  case,  we  must  suppose  that  the  vesicular  sound  arises 
from  the  tubular  breathing  becoming  weakened,  and  acoustically  altered  by  being  conducted 
through  the  lung  alveoli.  A  sighing  sound  is  often  produced  at  the  apertures  of  the  nose  and 
mouth  during  fwced  inspiration. 

Z17.  PATHOLOGICAL  RESPIRATORY  SOUNDS.— [The  breath-sounds  heard  in 
disease  may  be  merely  modifications  of  the  normal  vesicular  or  bronchial  sounds,  or  new  sounds, 
such  as  friction  sounds,  rMes,  or  rhonchi.] 

[Puerile  Breathing  is  merely  an  exaggerated  vesicular  sound,  so  called  because  it  resembles 
the  louder  vesicular  sound  heard  in  children.  It  occurs  when  some  part  of  the  lung  is  unable 
to  act,  and  there  is,  as  it  were,  extra  work  of  the  other  parts  to  compensate,  and  thus  the  sound 
is  exageerated.] 

(i)  Bronchial  or  Tubular  Breathing  occurs  over  the  entire  area  of  the  lung,  either  when 
the  air- vesicles  are  devoid  of  air^  which  may  be  caused  by  the  exudation  of  fluid  or  solid  con- 
stituents, or  when  the  lungs  are  compressed  from  without.  In  both  cases  vesicular  sounds  dis- 
appear, and  the  condensed  or  solidified  lung-tissue  conducts  the  tubular  sound  of  the  large  bronchi 
to  the  surface  of  the  chest  [The  sound  heard  over  a  hepatized  lobe  of  the  lung  in  pneumonia  is 
a  typical  example.]  It  also  occurs  in  large  cavities,  with  resistant  walls  near  the  surface  of  the 
lung,  provided  these  cavities  communicate  with  a  large  bronchus.  [In  this  case  it  is  termed 
cavernous  breathing.] 

(2)  The  amphoric  sound  is  compared  to  that  produced  by  blowing  over  the  mouth  of  an 
emp^  bottle.  It  occurs  either  when  a  cavity—tX  least  the  size  of  the  fist — exists  in  the  lung, 
which  is  so  blown  into  during  respiration  that  a  peculiar  amphoric-like  sound,  with  a  metallic 
timbre,  called  metallic  tinkfing,  is  produced ;  or  when  the  lung  still  contains  air,  and  is  cap- 
able of  expansion ;  as  there  is  still  air  in  the  pleural  cavity,  it  acts  as  a  resonator,  and  causes  an 
amphoric  sound,  simultaneous  with  the  change  of  air  in  the  lungs.  [The  amphoric  sound  or 
echo  and  metalhc  tinkling  are  the  only  certain  signs  of  the  existence  of  a  cavity  in  the  lung.] 

( 3)  If  obstruction  occurs  in  the  course  of  the  air-passages  of  the  lungs,  various  results  may 
accrue,  according  to  the  nature  of  the  resistance : — {a)  owine  to  various  causes,  c,  g.^  in  the 
apices  of  the  lungs,  there  may  be  partial  swelling  of  the  walls  of  the  air-tubes,  or  infiltration  into 
the  air-cells  which  hinders  the  r^^ular  supply  of  the  air.  In  these  cases,  parts  of  the  lung  are 
not  snpplied  with  air  continuously;  it  only  reaches  them  periodically,  when  a  cogwheel  sound 
occurs.  A  similar  sound  may  be  heard  occasionally  in  a  normal  lung,  when  the  muscles  of  the 
chest  contract  in  a  periodic  spasmodic  manner,  (b)  When  the  air  entering  large  bronchi  causes 
the  formation  of  bubbles  in  the  mucus  which  may  have  accumulated  there,  **  mucous  rAles ''  are 
produced.  They  also  occur  in  small  spaces  when  the  walls  are  separated  from  their  fluid  con- 
tents by  the  air  entering  during  inspiration,  or  when  the  walls,  being  adherent  to  each  other,  are 
suddenly  pulled  asunder.  The  rftles  are  distinguished  as  moist  (when  the  contents  are  fluid),  or 
as  dry  (when  the  contents  are  sticky)  ;  they  may  be  inspiratory,  expiratory,  or  continuous,  or  they 
may  be  coarse  or  fine ;  frirther,  there  is  the  very  fine  crepitation,  or  crackling  sound,  and,  lastly, 
the  metallic  tinkling  caused  in  large  cavities  through  resonance.  [Crepitation  or  vesicular 
rAles  are  fine  crepitating  sounds  like  those  produced  by  rubbing  a  lock  of  hair  between  the  fin- 
gers near  one^s  ear,  or  the  sounds  produced  when  salt  is  thrown  on  a  fire ;  they  occur  only  during 
inspiration,  and  are  a  proof  that  some  air  is  entering  the  air-vesicles.  It  is  heard  in  its  typical 
form  daring  the  first  stage  of  pneumonia,  and  seems  to  be  produced  by  the  bursting  of  minute 
babbles  of  air  in  fluid.]  (c)  When  the  mucous  membrane  of  the  bronchi  is  greatly  swollen,  or 
is  so  covered  with  visad  mucus  that  the  air  must  force  its  way  through,  deep  sonorous  rhonchi 
(rh<»chi  sonori)  may  occur  in  the  large  air-passages,  and  clear,  shrill,  sibilant  sounds  (rhonchi 
sibilantes)  in  the  smaller  ones.  [Rhonchi  are  whbtling  sonorous  sounds,  with  a  squeaking  char- 
acter, and  are  usually  due  to  catarrh  or  to  affections  of  the  bronchial  mucous  membrane  or  bron- 
chitis. When  they  are  of  low  pitch,  and  produced  in  the  large  bronchial  tubes,  they  are  spoken 
of  as  sonorous  rhonchi,  but  when  they  are  of  hieh  pitch,  and  reproduced  in  the  small  bronchial 
tubes,  they  are  sibilant  rhonchi.]  When  there  is  extensive  bronchial  catarrh,  nut  unfrequently 
we  feel  the  chest- wall  vibrating  with  the  r&le  sounds  (bronchial  fremitus). 

(4)  If  fluid  and  air  occur  together  in  one  pleural  cavity  in  which  the  lung  is  collapsed,  on 
shaking  the  person's  thorax  vigorously  we  hear  a  sound  such  as  is  produced  when  air  and  water 
are  shaken  together  in  a  bottle.  This  is  the  succussion  sound  of  Hippocrates.  Much  more 
rarely  this  sound  is  heard  under  similar  conditions  in  large  pulmonary  cavities. 

(5)  Pleural  Friction. — When  the  two  opposed  surfaces  of  the  pleura  are  inflamed,  have 
become  soft,  and  are  covered  with  exudation,'  they  move  over  each  other  during  respiration,  and 
in  doing  so  give  rise  to  friction  sounds,  which  can  be  felt  (often  by  the  patient  himself),  and 
can  also  be  heard.     The  sound  is  comparable  to  the  sound  produced  by  bending  new  leather. 

16)  Pectoral  Fremitus. — When  we  speak  or  sing  in  a  loud  tone,  the  walls  of  the  chest 
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vibrate,  because  the  vibration  of  the  vocal  cords  is  propagated  throughout  the  entire  brondtitl 
ramifications.  The  vibration  is,  of  course,  greatest  near  the  trachea  and  large  bronchi  The  car 
cannot  detect  the  sounds  distinctly.  If  there  be  much  exudation  or  air  in  the  pleura,  or  great 
accumulation  of  mucus  in  the  bronchi,  the  pectoral  fremitus  is  diminished  or  altogether  abeeat 
[In  health,  when  a  person  speaks,  the  vocal  resonance  over  the  trachea,  although  loud,  mtj 
Be  inarticulate ;  and  on  listening  over  the  sternum  the  sound  is  diminished  and  quite  inaiticn- 
late ;  while  over  the  chest-wall  generally  the  sound,  though  distinct,  is  feeble.] 

All  conditions  which  cause  bronchial  breathing  increase  the  pectoral  fremitus.  Under  normal 
circumstances,  therefore,  it  is  louder  where  bronchial  breathing  is  heard  normally.  The  ax 
hears  an  intensified  sound,  called  bronchophony,  [which  is  a  sound  like  that  heard  nonnallj 
over  the  trachea  or  bronchi,  but  audible  over  the  vesicular  lung-tissue.  The  conditions  that 
cause  it  are  the  same  as  those  on  which  bronchial  breathing  depends,  so  that  it  is  heard  in 
pneumonia  and  phthisis.  If,  through  eflusion  into  the  pleura  or  inflammatory  processes  in  the 
lung-tissue,  the  bronchi  are  pressed  tiat,  a  peculiar  bleatrag  sound  (segopbony)  may  be  heard.] 

118.  PRESSURE  IN  THE  AIRPASSAGES  DURING  RESPI 
RATION. — Respiratory  Pressure. — If  a  manometer  be  tied  into  the 
trachea  of  an  animal,  so  that  the  respiration  goes  on  completely  undisturbed, 
/.  €,,  normal  respiration,  during  every  inspiration  there  is  a  negative  pres- 
sure (-3  mm.  Hg)  and  during  expiration  a  positive  pressure.  Bonders  placed 
the  U-shaped  manometer  tube  in  one  nostril,  closed  his  mouth,  leaving  the 
other  nostril  open,  and  respired  quietly.  During  every  quiet  inspiration  the 
mercury  showed  a  negative  pressure  of-i  mm.,  and  during  expiration  a  poa- 
tive  pressure  of  2-3  mm.  (Hg). 

Forced  Respiration. — ^As  soon  as  the  air  was  inspired  or  expired  with 
greater  force,  the  variations  in  pressure  became  very  much  greater,  e,  g, ,  during 
speaking,  singing,  and  coughing.  The  inspiratory  pressure  was  =  57  mm. 
(36-74),  the  greatest  expiratory  pressure +  87  (82-100)  mm.  Hg.  The  pres- 
sure of  forced  expiration,  therefore,  is  30  mm.  greater  than  the  inspiratory 
pressure  {Danders), 

Resistance  to  Inspiration. — Notwithstanding  this,  we  must  not  conclude 
that  the  expiratory  muscles  act  more  powerfully  than  the  inspiratory ;  for  during 
inspiration  a  variety  of  resistances  have  to  be  overcome,  so  that  after  these  have 
been  met,  there  is  only  a  residue  of  the  force  for  the  aspiration  of  the  mercury. 
The  resistances  to  be  overcome  by  the  inspiratory  muscles  are : — (i)  The  elastic 
tension  0/  the  iungs,  which  during  the  deepest  expirations  =  6  mm.  ;  during  the 
deepest  inspirations  =  30  mm.  Hg  (§  107).  (2)  The  raising  of  the  weight  of 
the  chest.  (3)  The  elastic  torsion  of  the  costal  cartilages.  (4)  The  depression 
of  the  abdominal  contents,  and  the  elastic  distention  of  the  abdominal  walk. 
All  these  not  inconsiderable  resistances,  which  the  inspiratory  muscles  have  to 
overcome,  act  during  expiration,  and  aid  the  expiratory  muscles.  The  forces 
concerned  in  inspiration  are  decidedly  much  greater  than  those  of  expiration. 

Intra- thoracic  Pressure. — As  the  lungs  within  the  chest,  in  virtue  of 
their  elasticity,  continually  strive  to  collapse,  necessarily  they  must  cause  a  neg- 
ative pressure  within  the  chest.  This  amounts  in  dogs,  during  inspiration,  to 
-  7.1  to  -  7.5  mm.  Hg,  and  during  expiration  to  -  4  mm.  Hg.  The  corre- 
sponding values  for  man  have  been  estimated  at  -  4.5  mm.  Hg  and  -  3  mm. 
Hg,  by  Hutchinson. 

[We  must  distinguish  between  the  respiratory  pressure  of  the  air  wiikin  the  res^aiory 
passages^  and  the  intra-thoracic  pressure.  The  former  is  the  same  as  the  atmospheric  presfare 
when  the  chest  is  passive,  hut  less  than  it  as  the  chest  is  being  enlarged,  and  greater  than  it 
when  it  is  being  diminished  in  size.  The  intra-thoracic  pressure  is  the  pressure  within  the 
chest,  but  outside  the  lungs^  i.  e.,  in  the  pleura,  mediastinum,  etc.  It  is  negative,  f.  e^  less  than 
the  atmospheric  pressure,  and  must  vary  with  the  degree  of  distention  of  the  lungs.] 

[Methods  of  Estimating  Intra- Thoracic  Pressure. — A  direct  estimation  was  made 
by  Adamkiewicz  and  Jacobson.  A  trocar  with  its  styleUe  was  forced  into  the  fourth  left  inter- 
costal space  near  the  sternum  and  pushed  into  the  pericardium  (sheep^.  The  styktte  was  then 
withdrawn,  and  the  trocar  connected  with  a  manometer,  and  the  negative  pressure  of  -  3  to  -  5 
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mm.  Hg  WAS  obtained.  During  severe  dyspnoea  it  was  -  9  mm.  Hg.  Rosenthal  introduced  an 
oesophageal  sound  with  an  elastic  ampulla  on  its  lower  end  into  the  oesophagus,  so  that  the 
Ampulla  came  to  lie  opposite  the  posterior  mediastinum.  The  sound  was  connected  with  a  regis- 
tehog  tambour  or  manometer.  During  inspiration  the  manc»neter  fell,  and  during  expiration 
it  rose.] 

Even  the  greatest  inspiratory  or  expiratory  pressure  is  always  much  less  than  the  blood -pressure 
in  the  large  arteries ;  but  if  the  pressure  be  calculated  upon  the  entire  respiratory  surface  of  the 
tbonuc,  very  considerable  results  are  obtained. 

Pneumatometer. — This  instrument  of  Waldenburg  is  merely  a  mercurial  manometer  fixed 
to  a  stand  and  connected  to  an  elastic  tube  with  a  suitable  mouthpiece,  which  is  fitted  over  the 
month  and  nose,  while  the  variations  of  the  Hg  can  be  read  off  on  a  scale.  [In  the  male,  the 
eipiratoiy  pressure  is  90-120  mm.  Hg,  and  the  inspiratory  70-100.  The  relation  of  the  pressures 
during  expiration  and  inspiration  is  more  important  than  the  absolute  pressure.]  The  inspira- 
tory  pressure  is  diminished  .in  nearly  all  diseases  where  the  expansion  of  the  lung  is  impaired 
[phthisis] ;  or  the  expiratory  pressure  is  diminished,  as  in  emphysema  and  asthma. 

[The  Lungs  before  birth  are  in  an  atelectatic  condition,  /'.  e,,  they 
contain  no  air.  The  alveoli  are  lined  by  cubical,  nucleated  granular  cells,  and 
their  surfaces  are  in  apposition,  so  that  there  are  no  alveolar  cavities;  similarly 
the  walls  of  the  bronchioles  are  in  contact,  while  the  cavity  which  exists  in  the 
larger  bronchi  and  trachea  contains  fluid.  At  the  first  breath  the  air  sucked  in 
has  to  overcome  the  adhesion  of  the  surfaces  of  the  bronchi  and  alveolar  epi- 
thelium, and  as  inspiration  follows  inspiration,  gradually  the  respiratory  pass- 
ages are  opened  up.  It  takes  some  time  to  establish  a  fully-distended  condition 
of  the  lung.  In  a  newly-born  animal  there  is  no  negative  pressure  in  the  pleural 
cavity,  for  the  lungs  have  not  yet  been  distended,  nor  do  the  lungs  collapse 
when  the  chest  is  opened.  It  is  only  when  the  elastic  tension  of  the  lungs  is 
brought  into  play  by  the  chest  being  distended,  that  the  negative  pressure  ob- 
tains within  the  pleural  cavity,  and  the  lungs  collapse  when  the  chest  is  opened. 
The  distention  of  the  lungs  takes  place  gradually,  and  seems  to  be  brought 
about  by  the  chest  growing  more  rapidly  than  the  lungs  within  it ;  so  that  even 
in  the  phase  of  expiration  the  lungs  are  kept  distended.] 

Effects  of  the  first  Respiration  on  the  Thorax. — Until  birth  the  airless  lungs  are  com- 
pletely collapsed  (atelectatic)  within  the  chest,  and  fill  it,  so  that  on  opening  the  chest  in  a  dead 
foetus,  pneumo-thorax  does  not  occur  (Bernstein).  Supposing,  however,  respiration  to  have  been 
fully  established  after  birth,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  be  placed 
in  connection  with  the  trachea,  and  the  chest  be  opened,  the  manometer  will  register  a  pressure 
of  6  mm.  Hg,  due  to  the  collapse  of  the  elastic  lungs.  Bernstein  supposes  that  the  thorax  as- 
sumes a  new  permanent  form,  due  to  the  first  respiratory  distention ;  it  is  as  if,  owing  to  the 
respiratory  elevation  of  the  ribs,  the  thorax  had  become  permanently  too  large  for  the  lungs, 
which  are.  therefore,  kept  permanently  distended,  but  collapse  as  soon  as  air  passes  into  the 
pleora.  When  a  lung  has  once  been  filled  with  air,  it  cannot  be  emptied  by  pressure  from  with- 
out, as  the  small  bronchi  are  compressed  before  the  air  can  pass  out  of  the  alveoli.  The  expira- 
tory muscles  cannot  possibly  expel  all  the  air  from  the  lungs,  while  the  inspiratory  muscular 
force  is  sufficient  to  distend  the  lungs  beyond  their  elastic  equilibrium.  Inspiration  distends 
the  lungs,  increasing  their  elastic  tension,  while  expiration  diminj^es  the  tension  without  abol- 
ishing it. 

119.  APPENDIX  TO  RESPIRATION.— Nasal  Breathing.— 
During  quiet  respiration  we  usually  breathe— or  ought  to  breathe — through  the 
DostriU,  the  mouth  being  closed.  The  current  of  air  passes  through  the  pha- 
ryngo-nasal  cavity — so  that,  in  its  course  during  inspiration,  it  is  (i)  warmed 
and  rendered  moisij  and  thus  irritation  of  the  mucous  membrane  of  the  air- 
passages  by  the  cold  air  is  prevented ;  (2)  small  particles  of  soot,  or  other 
foreign  substances  in  the  air,  adhere  to  and  become  embedded  in  the  mucus 
covering  the  somewhat  tortuous  walls  of  the  respiratory  passages,  and  are  car- 
ried outwards  by  the  agency  of  the  ciliated  epithelium  of  the  respiratory  pass- 
^'^9  (3)  disagreeable  odors  and  certain  impurities  are  detected  by  the  sense 
of  smell. 

If  a  lung  be  inflated,  air  constantly  passes  through  the  walls  of  the  alveoli  and  trachea.     This 
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alio  occur*  daring  violent  expiratory  efforts  (cutioeoas  emphysenu  in  wboopong-cough),  so  thii  - 
pncumO'lhoraK  may  occur  (_/.  Jt,  Ewa/ri  and  Aeirrt), 

Pulmonary  (Edema,  or  the  eiodation  of  lymph  into  the  pulmonary  alveoli,  occurs — [i) 
When  there  is  very  great  resistance  to  the  bloodstraam  in  the  aorta  or  its  branches,  e.g-..  by  1^- 
(uiing  all  the  arteries  going  lo  the  head,  or  Ihe  arch  of  the  aorta,  so  that  only  one  carotid  remains 
penions.  (i)  When  the  pulmonary  veins  are  occluded.  (3)  When  the  left  ventricle,  owing  lo 
mechanical  injury,  ceases  to  beat,  while  the  right  ventricle  goes  on  contracting  ({  47).  These 
conditions  prodoce  at  the  aame  time  anannia  of  the  VEUo-motor  centre,  which  results  in  stimula- 
tion of  thai  centre,  and  consequent  contraction  of  all  the  small  arteries.  Thus  the  blood-stream 
through  the  veins  to  the  right  hearl  is  favored,  and  this  in  its  turn  favors  the  pitxluction  of  oedema 
of  Ihe  lungl.  [The  injection  of  muscarin  rapidly  causes  pulmonary  CEdema,  due  to  the  increase 
of  pressure  and  slowing  of  Ihe  blood-stream  in  Ihe  pulmonary  capillaries.  It  is  set  awje  by 
Btropin  ( IVnHvweig,  GriaimaHn).'] 

I30.  MODIFIED  RESPIRATORY  MOVEMENTS.— (t)  Cougb- 

•ing  consists  in  a  sudden  violent  expiratory  exptosioti  after  a  previous  deep  in- 
spiration and  closure  of  the  glottis,  whereby  {he  glottis  is  forced  open,  and  any 
substance,  fluid,  gaseous,  or  solid,  in  contact  with  the  respiratory  mucous  mem- 
brane is  violently  ejected  through  the  open 
mouth.  It  is  produced  voluntarily  or  reflexly ; 
in  the  latter  case  it  can  be  controlled  by  the 
will  only  to  a  limited  extent. 
%  [CauBCB. — A  cough  may  be  discharged  reflexly  fiom 
a  large  number  of  surfaces  (6g.  165);— (l)  A  draught  of 
cold  air  striking  the  sHii,  especially  of  the  upper  pan  of 
(he  body.  This  may  cause  congestion  of  blood  in  the 
air-passages,  this  in  turn  exciting  ibe  cough.  (2)  More 
frequenlly  it  is  discharged  from  the  respiratory  mucous 
membrane,  especially  of  the  larynx,  Ihc  seniory  branches 
of  the  vagus  and  Ihe  superior  laryngeal  nerve  being  ibe 
afferent  nerves.  A  cough  cannot  be  diichai^d  from 
every  put  of  the  larynx :  thus  there  is  none  from  the 
true  vocal  corda,  hut  only  from  the  glottis  respiratotia. 
All  other  parts  of  the  larynx  are  inactive,  and  so  is  the 
trachea  as  far  as  the  bifurcation,  where  stimulation  ei- 
I  dies  a  cough  (Ao4/i).  I3)  Sometimes  an  otTcndii^ 
body,  such  as  a  pea  or  inspissated  cerumen  in  ihe  exter- 
nal auditory  meatus,  gives  rise  to  Coughing,  the  afferent 
nerve  being  the  auricular  branch  of  the  vagus.  (4) 
There  seems  lo  be  no  doubt  that  there  maybe  a  "gailrit 
or  stomach  cougA  "  produced  by  stimulation  of  the  gas- 
tric branches  of  Ihc  vagus,  especially  in  Gases  of  indi- 
gestion, accompanied  by  irrilation  of  the  laryrtx  and 
trachea,  (5)  Irritation  of  the  costal  pleura  and  even  of 
the  oesophagus  {Xoits).  (6)  Irritation  of  some  paits 
of  the  nose.  (7]  Sometimes  also  from  irritation  of  the 
pharynx,  at  by  an  elongated  uvula.  [S)  la  some  dis- 
eases of  Ihe  tiver,  spleen,  and  generative  organs,  when 
pressure  is  exerted  on  these  parts.] 
•^fi-  '"S-  (2)  Hawking,  or  clearing  the  throat—An  expiratory 

Scheme  of  the  afferent  nerves  through  cuneni  is  forced  in  a  continnous  sU^am  through  the  nar- 
which  coughing  may  be  excited  row  space  between  the  root  of  Ihe  tongue  and  the  de- 
reflexly.  The  efferent  nerves  are  pressed  soft  palate,  m  order  to  assist  in  the  removal  of 
dotted.  foreign  bodies.   When  ibe  acl  is  carried  out  periodically, 

the  closed  glottis  li  suddenly  forced  open,  and  it  is  com- 
parable lo  a  voluntary  gentle  cough.      This  act  can  only  be  produced  voluntarily, 

(3)  Sneezing  consists  in  a  sudden  violent  espralory  blast  through  Ihe  tuac,  for  the  removal 
of  mucus  or  foreign  bodies  fihe  mouth  being  rarely  open)  after  a  simple  or  repeated  spasm-like 
inspiration — the  glottis  remaining  open.  It  is  usually  caused  retiexly  by  stimulation  of  sensory 
nerve-hbres  of  the  nose  [nasal  branch  of  the  fifth  nerve],  or  by  sudden  exposure  to  a  bright 
light  [Ihe  afferent  nerve  is  ihe  optic]-  This  reflex  act  may  be  interfered  with  lo  a  certain  eilenl, 
or  even  prevented,  by  stimulation  ot  sensory  nerves;  or  ^rmly  compressing  the  nose  where  the 
nasal  nerve  issues.  The  continued  ose  of  slernulatories.  as  in  persons  who  Uke  snufT,  dulls  the 
sensory  nerves,  so  that  they  no  longer  act  when  stimulated  reflexly. 
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[Sternutatories  or  Eirhmea,  inch  u  powdered  ipeocuuilia,  tnuff,  uid  euphorbinm,  also- 
increase  the  secretion  (rom  the  nual  glands.  The  siRerent  impulses  sent  to  the  lespiratory 
centre  alio  afiect  the  vaso-motor  centre,  to  that,  eTCD  when  ineeiing  does  not  occar,  the  blood- 
prttsDie thitMighout  the  bodj  is  raited.] 

(4)  Scoring  occnis  during  respiratioh  Ihroi^h  ihe  open  month,  whereby  the  iiupiratoiy  and 
eipiratoi7  arcam  of  air  throws  the  nvnla  uid  soft  palate  into  vibisCion.  It  is  involnntaiy,  and 
Diaaliy  occnn  during  sleep,  but  it  may  be  produced  Toluntarily. 

(5)  Oargling  consists  in  Ibe  slow  passage  of  Ihe  expiratory  air-cunenl  in  the  form  of  babbles- 
ihroogh  a  fluid  lying  between  the  tongue  and  tbe  soft  palale,  when  tbe  bead  is  held  backwards. 
Il  is  a  voluntary  ad. 

(6)  Crying,  caused  by  emotional  conditions,  consists  in  sh<xt,  deep  inspirations,  long  expira- 
doDS  with  the  glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secretion  of  tears,  often  corobinedi 
with  plaintive  inarticulate  expressions.  When  crying  is  long  conlinued,  sudden  and  spasmodic 
inTolantaiy  contractions  of  the  diaphragm  occur,  which  Cause  the  inspiratory  sounds  in  the 
pharynx  and  larynx  known  as  sobbing.     This  is  an  involuntary  act. 

(7)  Sighing  is  a  prolooged  inspiration,  usually  comtnned  with  a  plaintive  sound,  often  caused 
invotuntarily,  owing  to  painful  or  unpleasant  recollections. 

(S)  Laiughing  ii  due  lo  short  rapid  expiratory  blasts  through  (be  rima  glotlidis,  which  cause 
■  dear  tone,  and  there  are  characteristic  inarticulate  sounds  in  the  larynx,  with  vibrations  of  Ibe 
soft  palate.  The  mouth  is  usuallf  open,  and  the  counCeoiace  has  a  characteristic  eipressbn, 
owing  10  the  action  of  Ihe  M.  lygomaticus  major.  It  is  usually  involuntary,  aod  can  only  be- 
suppressed,  to  a  certain  degree,by  the  wi]l(by  forcibly  closing  the  mouth  and  stoppii^  respiration). 

(9)  Yawning  is  a  prolonged  deep  inij^ration  occurring  after  luccesaive  attempts  at  nnmerou» 
inspirationa — Ihe  moutfa,  fauces,  and  glottis  being  wide  open ;  expiration  shorter — both  aas  often 
accompanied  by  prolonged  characteriHic  sounds.  It  is  quite  involuntaiy,  and  is  usually  exdled 
by  drtrwsiaeBS  or  ennni. 

[f  lo]  Hiccough  is  due  to  a  spasmodic  involuntary  contraction  of  the  diaphragm,  causing  an 
inspiration,  which  is  arrested  by  the  sudden  closure  of  the  glottis,  so  that  a  characteristic  sound 
is  emitted.  Not  unfrequently  it  is  due  to  irritalion  of  the  gastric  mucous  membrane,  and  some- 
times  it  is  a  very  troublesome  symptom  in  ursmiic  poisoning.1 

lai.  CHEMISTRY  OP  RESPIRATION— CARBON  DIOXIDE,  OXYQBN,  and 
WATERY  VAPOR  GIVEN  OFF.— I.  Estimation  of  CO^- 1.  The  volume  of  CO» 
is  estimated  by  means  of  the  anthracometer  (lig.  166,  IIJ.  Tbe  volume  of  gas  is  collected  in 
a  graduated  lube,  r,  r. 
provided  with  a  bulb  at 
one  end  (previously 
filled  with  water  and 
carefally  calibrated, 
I.  r.,the  exact  amount 
which  each  pan  of 
tbe  tube  contains  is 
accurately  measured), 
and  the  tobe  is  closed. 
The  lower  end  has  a 
9U>p-ccck.  h,  and  to 
this  is  screwed  a  flask, 
m.  completely  filled 
with  ■  solution  of 
caustic  potash ;  the 
■top-cock  is  then 
opened,  the  potash 
solution  is  allowed  to 
ascend  into  the  tube, 
which  is  moved  about 
until  all  the  CO, 
onites  with  the  potash 
to  form  potassium  car- 
bonate. Hold  the 
tnbe     venically    and 

^iij     back     mlo    the    I-  Apparatus  of  Andral  and  Gavarret  for  collecting  the  expired  a:..     _, 
tlask    close  the  stop-        '^*  cylinder  lo  collect  the  ait  expired;    P.  weight  to  balance  cylin- 
cock'  and  remove  the        ^"'-  "■  *■ '""  MUller's  vatvesi    M,  mouthpiece:    II.  Anthracometer 
bottle  with   the   pot-        of  Vierordt. 
jfh      Place  tbe  stop-cock  under  water,  open  it,  and  allow  the  water  to  ascend  in  the  tube,. 
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when  the  space  in  Ihe  tube  occupied  by  the  fluid  indiCBtet  the  volnne  of  CO,  whidiixon- 
bined  with  the  polalh. 

I.  By  Weight. — A  large  quanlily  of  Ibe  miilute  of  gaaes  which  has  to  be  iDTcstigatid  b 
made  lo  pass  through  a  Licbig's  bulb  tilled  wilh  caustic  potaah.  The  potash  appustiu  hinng 
been  carerully  weighed  beforehand,  the  increase  of  weit;hl  indicates  the  amnnQt  of  CO,  which 
lias  been  taken  up  by  the  polaah  from  the  air  passed  thnrogli  it. 

3.  By  Titration. — A  large  volame  of  Ibe  ajr  to  be  investigated  is  cooducled  through  >  knon 


Rg.  167. 
Scbarliog's  apparalna.     ^,  bolbcontunii^  caustic  potash  to  absorb  CO,  from  ingoing  air;   A, 
box  for  aaimal  experimented  on  1  (  and  g,  cubes  containiog  sulphuric  acid  to  absorb  vuery 
vapor;  /,  potuh  balb  to  absorb  CO,  given  off)  C.  temel  filled  «kh  water  to  aspirate  air ; 

h,  stop-cock. 


Fig.   16S. 

Scheme  of  (he  respimiion  apparatus  of  Regnault  and  Ruset.     R,  gtobe  for  animal ;  ^ ,  g,  ontcr 

casino  for  R,  provided  with  a  ihertnomeler,  /;  i/and  e,  exit  tubes  10  movable  potash  bulta 

KOH  and  KnA ;  O,  ingoing  oxygen;    CO,,  vessel  to  absorb  any  carbonic  acid;   CaClp 

apparatus  for  estimating  the  amount  of  O supplied;  f,  manometer. 

volume  of  a  solution  of  barium  hydrate.     The  CO,  unites  with  the  barium  and  forms  baniim 

-carbonate.    The  fluid  is  neutralised  with  a  standard   solution  of  oxalic   acid,  and  tbe  iDOre 

barium  that  has  united  with  the  CO,  tbe  smaller  will  be  the  amonnt  of  oxalic  add  used,  and 

U.  Batimation  of  Oxygen.— According  to  volume — (a)  By  the  union  of  the  O  wiUi  potas- 
sium pyrogallete.  The  same  procedure  is  adopted  as  for  the  estimation  of  CO,,  only  the  tialk, 
n,  is  filled  with  the  pyrogallate  solution  instead  of  potash,     [b)  By  explosion  in 

■(Blood gesa,  |  35). 
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III.  Estimation  of  Watery  Vapor. — ^Tbe  air  to  be  investigated  is  passed  through  a  bulb 
coataining  concenlraUd  sulphuric  acid,  or  through  a  tube  filled  with  pieces  of  calcium  chloride. 
The  amount  of  water  is  directly  indicated  by  the  increase  of  weight 

12a.  METHODS  OF  INVESTIGATION.— Collecting  the  Expired  Air.— (i)  The 
air  expired  may  be  collected  in  the  cylinder  of  the  spirometer,  which  is  suspended  in  concen- 
trated salt  solution  to  avoid  the  absorption  of  CO,  ({  108). 

Andral  and  Gavarret's  Apparatus. — The  operator  breathed  several  times  into  a  capacious 
cylinder  (fig.  166).  A  mouthpiece  (M)  was  placed  air. tight  over  the  mouth  while  the  nostrils 
were  closed.  The  direction  of  the  respiratory  current  was  regulated  by  two  **  MttUer's  Valves  " 
(mercunal),  (a  and  b).  With  every  inspiration  the  bottle  or  valve  a  (filled  below  with  Hg,  and 
bermetidally  closed  above)  permits  the  air  inspired  to  pass  to  the  lungs — during  every  expiration 
the  expnred  air  can  pass  only  through  b  to  the  collecting-cylinder  C. 

(2)  If  the  gases  given  off  by  the  skin  are  to  be  collected,  a  limb,  or  whatever  part  is  to  be 
inve^igated,  is  secured  in  a  closed  vessel,  and  the  gases  so  obtained  are  analyzed. 

II.  The  most  important  apparatus  for  this  purpose  are  those  of — (a)  Scharling,  which  consists 
of  a  closed  tx)x,  A,  of  sufficient  size  to  contain  a  man  (fig.  167).  It  b  provided  with  an 
inlet  s  and  outlet  b.  The  latter  is  connected  with  an  aspirator,  C,  a  large  barrel  filled  with 
water.  When  ihe  stop-cock,  hj  is  opened  and  the  water  flows  out  of  the  t>arrel,  fresh  air  will 
rush  in  continuously  into  the  box,  A,  and  the  air  mixed  with  the  expired  gases  will  be  drawn 
towards  C.  A  Liebig^s  bulb,  d,  filled  with  caustic  potash,  is  connected  with  the  entrance  tube, 
s,  through  which  the  ingoing  air  must  pass,  whereby  it  is  completely  deprived  of  CO,,  so  that 
the  person  experimented  on  is  supplied  with  air  free  from  CO,.  The  air  passing  out  by  the 
exit  tube,  b^  has  to  pass  first  through  e,  where  it  gives  up  its  watery  vapor  to  sulphuric  acid, 
whereby  the  amount  of  watery  vapor  is  estimated  hj  the  increase  of  the  weight  of  the  apparatus, 
e.  Afterwards  the  air  passes  through  a  bulb,/,  containing  caustic  potash,  which  absorbs  all  the 
COj,  while  the  tube,^,  filled  with  sulphuric  acid,  absorbs  any  watery  vapor  that  may  come  from 
/.  The  increase  in  weight  of  /  and  j^  indicates  the  amount  of  CO,.  The  total  volume  of  air 
used  is  known  from  the  capacity  of  C. 

{b)  Reg^ault  and  Reiset's  Apparatus  is  more  complicated,  and  is  used  when  it  is  neces- 
sary to  keep  animals  for  some  time  under  observation  in  a  bell-jar.  It  consists  of  a  globe,  R,  in 
which  is  placed  the  dog  to  be  experimented  on  (fig.  168).  Around  this  is  placed  a  cylinder, 
g^g  (provided  with  a  thermometer,  /),  which  may  be  used  for  calorimetric  experiments.  A 
tube,  r,  leads  into  the  globe,  R ;  through  this  tube  passes  a  known  quantity  of  pure  oxygen 
(fig.  1 68,  O).  To  absorb  any  trace  of  CO,,  a  vessel  containing  potash  (fig.  168,  CO,)  is  placed 
in  the  coarse  of  the  tube.  The  vessel  for  measuring  the  O  is  emptied  towards  R,  through  a 
solution  of  calcium  chloride  from  a  large  pan  (CaCl,)  provided  with  large  flasks.  Two  tubes, 
4/ and  e,  lead  fi'om  R,  and  are  united  1^  caoutchouc  tubes  with  the  potash  bulbs  (KOH,  Koh)^ 
which  can  be  raised  or  depressed  alternately  by  means  of  the  beam,  W.  In  this  way  they 
aspirate  alternately  the  air  from  R,  and  the  causdc  potash  absorbs  the  CO,.  The  increase  in 
weight  of  these  flasks  after  the  experiment  indicates  the  amount  of  CO,  expired.  The  mano- 
meter, /,  shows  whether  there  is  a  difference  of  the  pressure  outside  and  inside  the  globe,  R. 

(c)  V.  Pettenkofer's  is  the  most  complete  apparatus  (fig.  169).  It  consists  of  a  chamber, 
Z,  with  metallic  walls,  and  provided  with  a  door  and  a  window.  At  a  is  an  opening  for  the 
admission  of  air,  while  a  large  double  suction-pump,  PPp  continually  renews  the  air  within  the 
chamber.  The  air  passes  into  a  vessel,  b,  filled  with  pumice-stone  saturated  with  sulphuric 
acid,  in  which  it  is  dried ;  it  then  passes  through  a  large  gas-meter,  r ,  which  measures  the 
total  amount  of  the  air  passing  through  it.  After  the  air  is  measured,  it  is  emptied  outwards 
by  means  of  the  pump,  PP,.  From  the  chief  exit  tube,  x,  of  the  chamber  provided  with  a 
small  manometer,  q,  a  narrow  laterally  placed  tube,  if,  passes  and  conducts  a  small  secondary 
stream,  which  is  chemically  investigated.  This  current  passes  through  the  suction-apparatus, 
MM|  (coD<^.ructed  on  the  principle  of  Mtlller's  mercurial  valve,  and  driven  by  a  steam-engine). 
Before  "caching  this  apparatus,  the  air  passes  through  the  bulb,  K,  filled  with  sulphuric  acid, 
whose  increase  in  weight  indicates  the  amount  of  watery  vapor.  After  passing  through  MM|, 
it  goes  through  the  tube,  R,  filled  with  baryta  soluliorty  which  takes  up  CO,.  The  quantity  of 
air  which  passes  through  the  accessory  current,  if,  is  measured  by  the  small  gas-meter,  u^  from 
which  it  passes  outwanis.  The  second  accessory  stream,  N,  enables  us  to  investigate  the  air 
before  it  enters  the  chamber,  and  it  is  arranged  in  exactly  the  same  way  as  n.  The  increase  of 
CO,  and  H,0  in  the  accessory  stream,  if  (1.^.,  more  thsm  in  N),  indicates  the  amount  of  CO, 
given  off  by  the  person  in  the  chamber,  Z. 

123.  COMPOSITION  OF  ATMOSPHERIC  AIR.— i.  Dry  Air 

contains : — 

Gas.  By  Weight.  By  Volume. 

O, 33.015  20.96 

N, 76.9^5  7902 

CO,, o.o3'~o.o34 
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dication  of  the  entire  exchange  of  gases  duxiDg  respiration  ;  we  must  esti- 
mate simultaneously  the  amount  of  O  absorbed  and  the  CO,  given  off. 

126.  DAILY  GASEOUS  INCOME  AND  EXPENDITURE. 


Income  in  24  hours. 
Oxygen— 

744grms.  =  516500  ccmtr.       {^Vurordt). 
[Average,  700  grms.  ] 


(At  o^  C.  and  mean  barometric  pressure). 


Expenditure  in  24  hours. 
Carbonic  Acid — 

900  grms.  =  455500  ccmtr.,    .  (  VterorJt). 

36  enns.  per  hour  {Scharling). 

32.0  to  3.34  grms.  "      (Liebermeister). 

34  grms.  "...  (Fanmm), 

31.5  to  33  grms.  "...    (Ranke). 

[Average,  850  grms.  8  ozs.  of  carbon.] 

Water— 640  grms.  "    .   .    {Valentin). 

330    •*  "     -    .    \Viirordi). 


[Comparative. — The  following  table  from  Munk  shows  how  the  O  inspired 
and  the  CO,  expired  varies  in  different  animals  : — 


Species  of  AnUnalt. 

Body-weight  in  Kilograms. 

0  Inspired  in  Grams. 

CO,  Expired  in  Grams. 

1 

Ox, 

Horse, 

Man, 

Sheep, 

Dog 

Cat, 

RabbH. 

Fowl, 

Frog 

600. 
450. 

70. 

2. 
I. 

ao3 

7950- 
6100. 

750. 
820. 

425- 
60. 

45. 
0.067 

1 

10900. 

9560. 

900. 

1 140.                              ! 
440. 

64. 
57. 

0.05] 

[Nitrogen.  The  expired  air  contains  a  little  more  N  than  the  air  inspired, 
but  the  total  is  only  about  7  grams  daily,  although  herbivora  eliminate  more 
than  carnivora.] 

[Aqueous  V  apor  is  derived  partly  from  the  water  (vapor)  contained  in  the 
inspired  air,  and  partly  from  the  water  of  the  blood  circulating  in  the  walls  of 
the  respiratory  passages.] 

127.  CONDITIONS  INFLUENCING  THE  GASEOUS  EX- 
CHANGES. — The  formation  of  CO,,  in  all  probability,  consists  of  two  dis- 
tinct processes.  First,  compounds  containing  CO,,  which  are  oxidation  pro- 
ducts of  substances  containing  carbon,  seem  to  be  formed  in  the  tissues.  The 
second  process  consists  in  the  separation  of  this  CO,,  which,  however,  takes 
place  without  the  absorption  of  O.  Both  processes  do  not  always  occur  simul- 
taneously, and  the  one  process  may  exceed  the  other  in  extent.  The  formation 
and  elimination  of  CO,  is  affected  by : — 

I.  Age. — Until  the  body  is  fully  developed,  the  CO,  given  off  increases, 
but  it  diminishes  as  the  bodily  energies  decay.  Hence,  in  young  persons  the 
O  absorbed  is  relatively  greater  than  the  CO,  given  off ;  at  other  periods  both 
values  are  pretty  constant.     Example : — 


Age— Years. 

In  94  Hours. 

CO,  Gram. 

Excreted. 

—  Carbon. 

0  Absorbed 

in  Grams. 

t 

8 

443  grams.  —  121 

Carbon. 

375  grams. 

1                   *§ 

766 

—  209 

i« 

652 

« 

!                16 

950 

=  259 

<i 

809 

« 

18-20 

1003 

=  274 

(( 

854 

(( 

1           20-24 

1074 

=  293 

(( 

914 

<( 

40-60 

889 

=  242 

It 

757 

<( 

60-80 

810 

u 

=  221 

«< 

689 

« 

^ 
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The  absolute  amount  of  CO,  given  off  is  less  in  children  than  in  adults ; 
but  if  the  CO,  given  off  be  calculated  with  reference  to  body-weight,  then,, 
weight  for  weight,  a  child  gives  off  twice  as  much  CO,  as  an  adult. 

2.  Sex. — Males,  from  the  eighth  year  onward  to  old  age,  give  off  about 
one-third  more  CO,  than  females.  This  difference  is  more  marked  at  puberty, 
vben  the  difference  may  rise  to  one-half.  After  cessation  of  the  menses,  there 
is  an  increase,  and  in  old  age  the  amount  of  CO,  given  off  diminishes.  Preg- 
nancy increases  the  amount,  owing  to  causes  which  are  easily  understood  {An- 
dral  and  Gavarret). 

3.  Constitution. — In  general,  muscular  energetic  persons  use  more  O  and  ^ 
excrete  more  CO,  than  less  active  persons  of  the  same  weight. 

4.  Alternation  of  Day  and  Night. — The  CO,  given  off  is  diminished 

about  one-fourth  during  sleep,  due  to  the  constant  heat  of  the  surroundings 

(bed),  darkness,  absence  of  muscular  activity,  and  the  non-taking  of  food  (see 

5>  ^'  7t  9)*     O  is  not  stored  up  during  sleep  {S.  Lewin).     After  awaking  in 

the  morning,  the  respirations  are  deeper  and  more  rapid,  while  the  amount  of 

CO'i  given  off  is  increased.     It  decreases  during  the  forenoon,  until  dinner  at 

mid-day  causes  another  increase.     It  fails  daring  the  afternoon,  and  increases 

again  alter  supper. 

Daring  hibematiofi,  when  no  food  is  taken,  and  when  the  respirations  cease,  or  are  greatly 
dimioishccU  the  respiralory  exchange  of  gases  b  carried  ovt  by  difiiision  and  the  cardio-pneu* 
mstic  moveaMOts  (}  59}.  The  CO,  given  off  fdk  to  J^,  the  O  taken  in  to  A^,  of  what  they  are 
in  the  waking  condition.  Much  less  CO,  is  given  off  than  O  is  taken  in,  so  that  the  body-weight 
may  increase  throogh  the  excess  of  O. 

5.  Temperature  of  the  Surroundings. — Cold-blooded  animals  be- 
come warmer  when  the  temperature  of  their  environment  is  raised,  and  they 
give  off  more  CO,  in  this  condition  than  when  they  are  cooler ;  ^.  ^.,  a  frog  with 
the  temperature  of  the  surroundings  at  39^  C.  excreted  three  times  as  much 
CO,  as  when  the  temperature  was  6^  C.  Warm-blooded  animals  behave 
quite  differently  when  the  temperature  of  the  surrounding  medium  is  changed. 
When  the  temperature  of  the  animal  is  lowered  thereby,  there  is  a  considerable 
decrease  in  the  amount  of  CO,  given  off,  as  in  cold-blooded  animals,  but  if  the 
temperature  of  the  animal  be  increased  (and  also  in  fever),  the  CO,  is  increased 
(C.  Ludwig  and  Sanders-Ezn).  Exactly  the  reverse  obtains  when  the  tempera- 
ture of  the  surroundings  varies,  and  the  bodily  temperature  remains  constant. 
As  the  cold  of  the  surroiroding  medium  increases,  the  processes  of  oxidation 
within  the  body  are  increased  through  some  as  yet  unknown  reflex  mechanism  ; 
the  number  and  depth  of  the  respirations  increase,  whereby  more  O  is  taken  in 
and  more  CO,  is  given  out.  A  man  in  January  uses  32.2  grams  O  per  hour; 
in  July  only  31.7  grams.  In  animals,  with  the  temperature  of  the  surroundings 
at  8®  C.,  the  CO,  given  off  was  one-third  greater  than  with  a  temperature  of  38^ 
C.  When  the  temperature  of  the  air  increases — the  body  temperature  remain- 
ing the  same — the  respiratory  activity  and  the  CO,  given  off  diminish,  while 
the  pulse  remains  nearly  constant.  On  passing  suddenly  from  a  cold  to  a  warm 
medium,  the  amount  of  CO,  is  considerably  diminished ;  and  conversely,  on 
passing  from  a  warm  to  a  cold  medium,  the  amount  is  considerably  increased 

(§214). 

6.  Muscular  Exercise  causes  a  considerable  increase  in  the  CO,  given 

out,  which  may  be  three  times  greater  during  walking  than  during  rest  (^//. 
Smith).  Ludwig  and  Sczelkow  estimated  the  O  taken  in  and  the  CO,  given  off 
by  a  rabbit  during  rest,  and  when  the  muscles  of  the  hind  limbs  were  tetanized. 
During  tetanus  the  O  and  CO,  were  increased  considerably,  but  in  tetanized 
animals  more  O  was  given  off  in  the  CO,  expired  than  was.  taken  up  simulta- 
neously during  respiration.  The  passive  animal  absorbed  nearly  twice  as  much 
O  as  the  amount  of  CO,  given  off  (§  294). 


\ 
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7.  Taking  of  Food  causes  a  not  inconsiderable  increase  in  the  CO,  given 
off,  which  depends  upon  the  quantity  taken ;  the  increase  generally  occurs 
about  an  hour  after  the  chief  meal — dinner.  The  increased  consumption  of  0 
following  the  taking  of  food  into  the  stomach  depends  on  the  increased  work  of 
the  intestinal  tract  (Zuntz  ami  V,  Mering).  During  inanition,  the  exchange 
of  gases  diminishes  considerably  until  death  occurs.  At  first  the  CO,  given  off 
diminishes  more  quickly  than  the  O  is  taken  up.  The  quality  of  the  food 
influences  the  CO,  given  off  to  this  extent,  that  substances  rich  in  carbon  (car- 
bohydrates and  fats)  cause  a  greater  excretion  of  CO,  than  substances  which 
•contain  less  C  (albumins).  Regnault  and  Reiset  found  that  a  dog  gave  off  79 
per  cent,  of  the  O  inspired  after  a  flesh  diet,  and  91  per  cent,  after  a  diet  of 
starch.  If  easily  oxidizable  substances  (glycerin  or  lactate  of  soda)  are  injected 
into  the  blood,  the  O  taken  in,  and  the  CO,  given  off,  undergo  a  considerable 
increase  {Ludwig  and  Scheremetjcwsky),  Alcohols,  tea,  and  ethereal  oib 
diminish  the  CO,  {Praut^  Vierordf).  [Ed.  Smith  divided  foods,  with  reference 
to  the  excretion  of  CO,  into  two  classes.  The  respiratory  excitants  include 
nitrogenous  foods,  rum,  beer,  sugar,  stout,  etc. ;  the  non-exciters  starch,  fat, 
«ome  alcoholic  mixtures.  The  most  powerful  respiratory  excitants,  however, 
ar0  tea,  sugar,  coffee,  and  rum,  and  the  maximum  effect  is  usually  experienced 
within  an  hour.  He  also  found  that  the  effects  produced  by  alcoholic  drinks 
varied  with  the  nature  of  the  spirituous  liquor.  Thus  brandy,  whisky,  and  gin 
diminish  the  amount;  while  pure  alcohol,  rum,  ale,  and  porter  tend  to 
increase  it.] 

A  healthy  adult,  weighing  50  kilos.,  respires  while  fasting  8  litres  of  air  per  kilo,  per  hoar; 
be' uses  0.4  gram  O,  and  forms  0.5  gram  CfO,.  Taking  of  food  increases  these  nmnbers  to  9 
litres,  0.5  gram  O,  and  0.6  gram  CO,.  The  consumption  of  O  is  increased  about  12  per  cent, 
and  the  excretion  of  CO,  aUmt  27  per  cent,  after  a  diet  of  carbohydrates ;  it  is  less  with  a  fatty 
•diet,  and  least  after  one  of  proteids. 

8.  The  number  and  depth  of  the  respirations  have  practically  no  influ- 
ence on  the  formation  of  CO,  or  the  oxidation-processes  within  the  body,  these 
being  regulated  by  the  tissues  themselves,  by  some  mechanism  as  yet  unknown 
{Ffluger),  They  have  a  marked  effect,  however,  upon  the  elimination  of  the 
already  formed  CO,  from  the  body.  An  increase  in  the  number  of  respirations 
(their  depth  remaining  the  same),  as  well  as  an  increase  of  their  depth  (the 
number  remaining  the  same),  causes  an  absolute  increase  in  the  amount  of  COt 
given  off,  which,  with  reference  to  the  total  amount  of  gases  exchanged,  is 
relatively  diminished.     The  following  example  from  Vierordt  illustrates  this: — 


No. 

of  Resps. 

Volume  of 

Amount  of  . 

percent. 

Depth  of 

Amount  of 

percent. 

per  Minute. 

Air. 

CO^ 

CO,. 

Keeps. 

CO,. 

CO,. 

12 

6000 

258  c.  cmtr. 

=  4.3  % 

500 

2IC.  cmtr. 

1 
=  4-3  Jt 

24 

12000 

420      " 

-  3.5  " 

1000 

36      " 

—  3.6  »« 

I 

48 

24000 

744      " 

=  1.3  " 

1500 

51       " 

=  3-4  " 

96 

48000 

1392      " 

=  2.9  " 

2000 
3000 

64      " 
72       " 

—  3-2  •* 

9.  Exposure  to  a  bright  light  causes  an  increase  in  the  CO,  given  off  in 
frogs,  in  mammals  and  birds,  even  in  frogs  deprived  of  their  lungs,  or  in  those 
whose  spinal  cord  has  been  divided  high  up.  The  consumption  of  O  is 
increased  at  the  same  time.  The  same  results  occur  in  blind  persons,  although 
to  a  less  degree.  Rodents  and  birds  show  the  maximum  in  red  light,  and 
turtles  in  violet  light.  According  to  Loch,  the  pupae  of  butterflies  exposed  to 
light  do  not  produce  more  CO,  than  those  kept  in  darkness,  so  that  he  attrib- 
utes the  greater  amount  of  CO,  excreted  to  great  muscular  exertion  produced 
by  the  light. 
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10.  The  experiments  of  Griliant,  on  dogs,  seem  to  <show  that  intense  inflammation  of  the 
bronchial  mucous  membrane  influences  the  CO,  given  off. 

11.  Amongst  poisons,  thebaia  increases  the  CO,  given  off,  while  morphia,  codeia,  narcein, 
narcotin,  papaverin,  diminish  it  (fUdini). 

128.  DIFFUSION  OF  GASES  WITHIN  THE  LUNGS.— The 
air  within  the  air  vesicles  contains  most  CO,  and  least  O,  and  as  we  pass  from  the 
small  to  the  large  bronchi  and  onwards  to  the  trachea^  the  composition  of  the 
air  gradually  approaches  more  closely  to  that  of  the  atmosphere.  Hence,  if 
the  air  expired  be  collected  in  two  portions,  the  first  half  (/'.  e.,  the  air  from  the 
larger  air-passages)  contains  less  CO,  (3.7  vols,  per  cent.)  than  the  second  half 
{5.4  vols,  per  cent.).  The  difference  in  the  percentage  of  gases  gives  rise  to  a 
diffiision  of  the  gases  within  the  air  passages ;  the  CO,  must  diffuse  from  the 
air-vesicles  outwards,  and  the  O  from  the  atmosphere  and  nostrils  inwards 
(§  33)-  This  movement  is  aided  by  the  cardio-pneumatic  movement  (§  59).  In 
hibeniating  animals  and  in  persons  apparently  but  not  actually  dead^  the 
exchange  of  gases  within  the  lungs  can  only  occur  in  the  above-mentioned 
ways.  For  ordinary  purposes  this  mechanism  is  insufficient,  and  there  are 
added  the  respiratory  movements  whereby  atmospheric  air  is  introduced  into 
the  larger  air-passages,  from  which  and  into  which  the  diffusion  currents  of  O 
and  CO,  pass,  on  account  of  the  difference  of  tension  of  the  gases. 

129.  EXCHANGE    OF    GASES   IN   THE  AIR-VESICLES.— 

The  Gcchange  of  gases  between  the  gases  of  the  blood  and  those  in  the  air- 
vesicles  occurs  almost  exclusively  through  the  agency  of  chemical  processes, 
and  therefore  independently  of  the  diffusion  of  gases. 

Method. — It  is  important  to  ascertain  the  tension  of  the  O  and  CO,  in  the  venous  blood  of 

the  pulmonary  capilUoies.     Pfliiger  and  Wolfberg  estimated  the  tension  by  **  catheterizing  the 

luog^."     An  elastic  catheter  was  introduced  through  an  opening  in  the  trachea  of  a  dog  into 

the  bronchus  leading  to  the  lowest  lobe  of  the  left  lung.    An  elastic  sac  was  placed  round  the 

catheter,  and  when  the  latter  was  introduced  into  me  bronchus,  the  sac  around  the  catheter 

was  distended  so  as  to  plug  the  bronchus.     No  air  could  escape  between  the  catheter  and  the 

wall  of  the  bronchus.    The  outer  end  of  the  catheter  was  closed  at  first,  and  the  dog  was 

allowed  to  reqxre  quietly.    After  four  minutes  the  air  in  the  air-vesicles  was  completely  in 

-eqidlibrinm  with  the  blood-gases.    The  air  of  the  lung  was  sucked  out  of  the  catheter  by  means 

-of  an  air-parop,  and  afterwards  analyzed. 

Thus  we  may  measure  indirectly  the  tension  of  the  O  and  CO,  in  the  venous 
blood  of  the  pulmonary  capillaries.  The  direct  estimation  of  the  gases  in  dif- 
ferent kinds  of  blood  is  made  by  shaking  up  the  blood  with  another  gas.  The 
gases  so  removed  indicate  directly  the  proportion  of  blood*-gases. 

The  following  statement  shows  the  tension  and  percentage  of  O  and  CO,  in 
arterial  and  venous  blood,  in  the  atmosphere,  and  in  the  air  of  the  alveoli :  — 


I. 

O-Tenskm  in  arterial  blood  =  29.6  mm.  Hg 
(corresponding  to  a  mixture  containing  3.9 
vol.  per  cent,  of  O). 

II. 

CO,-Tensk>n  in  arterisd  blood  =  21  mm.  Hg 
(corresponding  to  2.8  vol.  per  cent.). 

III. 

O-Tension  in  venous  blood  =  2a  mm.  Hg 
(corresponding  to  2.9  voL  per  cent.). 

IV. 

Co, -Tension  in  venous  blood  =  41  mm.  Hg 
(corresponding  to  5.4  vol.  per  cent). 

15 


V. 

O-Tension  in  the  air  of  the  alveoli  of  the 
catheterized  lung  =  27.44  °>™-  Hg  (cor- 
responding to  3.6  vol.  per  cent). 

VI. 

CO,-Tension  in  the  air  of  the  alveoli  of  the 
catheterized  lung  =  27  mm.  Hg  (corre- 
sponding to  3.56  vol.  per  cent.). 

VII. 

O-Tension  in  the  atmorohere  =  158  mm.  Hg 
(corresponding  to  20.8  vol.  per  cent.). 

VIII. 

CO.-Tension  in  the  atmosphere  =  0.38  mm. 
rig  (corresponding  to  0.03-0.05  vol.  per 
cent.). 
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When  we  compare  the  tension  of  the  O  in  the  air  (VII  =  158  mm.  Hg)  with 
the  tension  of  the  O  in  venous  blood  (III  =  22  mm.  Hg,  or  V  =  27.4411101. 
Hg),  we  might  be  inclined  to  assume  that  the  passage  of  the  O  from  the  air  of 
the  air-vesicles  into  the  blood  was  due  solely  to  diffusion  of  the  gases ;  and 
similarly,  we  might  assume  that  the  CO,  of  the  venous  blood  (IV  or  VI)  dif- 
fused into  the  air- vesicles,  because  the  tension  of  the  COj  in  the  air  is  much 
less  (VIII).  There  are  a  number  of  facts,  however,  which  prove  that  the 
exchange  of  the  gases  in  the  lungs  is  chiefly  due  to  chemical  forces. 

[Von  Fleischl  finds  that  fluids  yield  up  their  gases  very  much  more  easily  when  they  receive  a 
shock,  and  he  regards  the  shock  communicated  to  the  blood,  by  the  contraction  of  the  hearty  ts 
an  important  factor  in  preparing  the  blood  for  the  diffusion  of  COj  from  the  blood-plasmt  into 
the  lungs.     No  facts  support  this  theory  as  applied  to  the  human  body.] 

[Changes  produced  in  the  Blood  by  Respiration. — The  blood  of  the 
pulmonary  artery  is  changed  from  venous  into  arterial  blood  (§  39),  the  most 
obvious  alterations  being  (i)  the  change  in  color  from  dark  crimson  to  bright 
scarlet.  (2)  It  lo^s  CO,.  (3)  It  gains  O.  (4)  The  reduced  Hb  of  the  ven- 
ous blood  is  converted  into  HbO,.  (5)  As  to  a  supposed  difference  of  tem- 
perature, see  §  209,  3.  (6)  Pawlow  finds  that  blood  which  passes  several  times 
through  the  lungs  loses  its  power  of  coagulation.  Are  we  to  assume  that  the 
pulmonary  tissues  have  the  property  of  destroying  the  fibrin -ferment  ?] 

1.  Absorption  of  O. — Concerning  the  absorption  of  O  from  the  air  in 
the  alveoli  into  the  venous  blood  of  the  lung-capillaries,  whereby  the  blood  is 
arterialized,  it  is  proved  that  this  is  a  chemical  process.  The  gas-free 
(reduced)  haemoglobin  takes  up  O  to  form  oxy haemoglobin  (§15,  i).  That 
this  absorption  has  nothing  to  do  directly  with  the  diffusion  of  gases,  bnt  \s 
due  to  a  chemical  combination  of  the  atomic  compounds,  is  shown  by  the  fact 
that,  when  pure  O  is  respired,  the  blood  does  not  take  up  more  O  than  when 
atmospheric  air  is  respired ;  further,  that  animals  made  to  breathe  in  a  limited 
closed  space  can  absorb  almost  all  the  O — even  to  traces — into  their  bk)od 
before  suffocation  occurs.  Of  course,  if  the  absorption  of  O  were  due  to  dif- 
fusion, in  the  former  case  more  O  would  be  absorbed,  while  in  the  latter  case 
the  absorption  of  O  could  not  possibly  occur  to  such  an  extent  as  it  does.  The 
law  of  diffusion  comes  into  play  in  connection  with  the  absorption  of  0  to 
this  extent,  viz.,  that  the  O  diffuses  from  the  air-cells  of  the  lung  into  the  blood- 
plasma,  where  it  reaches  the  blood-corpuscles  floating  in  the  plasma.  The 
haemoglobin  of  tl^  blood-corpuscles  forms  at  once  a  chemical  compound 
(oxy haemoglobin)  with  the  O. 

Even  in  very  rarefied  air,  such  as  is  met  with  in  the  upper  regions  of  the  atmosphere  during 
a  balloon  ascent,  the  absorption  of  O  still  remains  independent  of  the  partial  pressure.  But  a 
much  longer  time  is  required  for  this  process  at  the  ordinary  temperature  of  the  body,  so  tfafi 
in  rarefied  air  the  absorption  of  O  is  greatly  delayed,  but  it  is  not  diminished.  Tbb  is  the  ciase 
of  death  in  aeronauts  who  have  ascenided  so  high  that  the  atmospheric  pressure  is  diminished  to 
one-third  (Setschenow), 

2.  Elimination  of  CO,. — With  regard  to  the  excretion  of  CO,  from  the 
blood,  we  must  remember  that  the  CO,  in  the  blood  exists  in  two  conditions. 
Part  of  the  CO,  forms  a  loose  or  feeble  chemical  compound,  while  another  por- 
tion is  more  firmly  combined.  The  former  is  obtained  by  those  means  which 
remove  gases  from  fluids  containing  them  in  a  state  of  absorption,  so  that  in 
removing  the  CO,  from  the  blood  it  is  difficult  to  determine  whether  the  CO, 
so  removed  obeyed  the  law  of  diffusion,  or  if  it  was  expelled  by  chemical 
means. 

Although  it  is  convenient  to  represent  the  excretion  of  CO,  from  the  blood 
into  the  air-vesicles  of  the  lung  as  due  to  equilibration  of  the  tension  of  the 
CO,  on  opposite  sides  of  the  alveolar  membrane,  /.  ^.,  to  diffusion — ^neverthe- 
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less,  chemical  processes  play  an  important  part  in  this  act.  The  absorp- 
tion of  O  by  the  colored  corpuscles  acts,  at  the  same  time,  in  expelling  CO,. 
This  is  proved  by  the  fact  that  the  expulsion  of  CO,  from  the  blood  takes  place 
more  r^dily  when  O  is  simultaneously  admitted.  The  free  supply  of  O  not 
only  favors  the  removal  of  the  CO,  which  is  loosely  combined,  but  it  also  favors 
the  expulsion  of  that  portion  of  the  CO,  which  is  more  firmly  combined,  and 
which  can  only  be  expelled  by  the  addition  of  acids  to  the  blood.  That  the 
oxygenated  blood-corpuscles  (/.  e.y  their  oxyhaemoglobin)  are  concerned  in  the 
removal  of  CO,  is  proved  by  the  feet  that  CO,  is  more  easily  removed  from 
serum  which  contains  oxygenated  blood-corpuscles  than  from  serum  charged 
with  6. 

[The  following  scheme  may  serve  to  illustrate  the  extent  to  which  diffusion 
comes  into  play.  The  O  must  pass  through  the  alveolar  membrane,  A  B — in- 
cluding the  alveolar  epithelium  and  the  wall  of  the  capillaries — as  well  as  the 
blood-plasma,  to  reach  the  haemoglobin  of  the  blood -corpuscles.  Similarly, 
the  CO,  must  leave  the  salts  of  the  plasma  with  which  it  is  in  combination,  and 
diffuse  in  the  opposite  direction,  through  the  wall  of  the  capillaries,  the  alveolar 
membrane,  and  epithelium,  to  reach  the  air-vesicles.  Lfet  A  B  represent  the 
alveolar  membrane  ;  on  the  one  side  of  it  is  represented  the  partial  pressure  of 
the  CO,  and  O  in  the  air-vesicles ;  and  on  the  other,  the  partial  pressure  of  the 
CO,  and  O  in  the  venous  blood  entering  the  lung.  The  arrows  indicate  the 
direction  of  diffusion.] 

r>  ^'  y  r   •  .  r    CO, O 

Partial  pressure  of  air  m  J        o^  ^ii  am 

alveoli  of  lung.  1        7 ^'J*^ 

A L_| ^ 1 B 

Tension  of  gases  in  venous  J        41   .    .        22 

blood  of  lung.  (     CO, O 

Nature  of  the  Process. — The  exchange  of  gases  between  the  blood  and 
the  air  in  the  lungs  has  been  represented  by  Deciders  as  due  to  the  process  of 
dissociation. 

[Bohr  used  a  modified  rheometer  of  Ludwig's,  thereby  living  arterial  blood  was  brought  into 
dimt  contact  with  a  volume  of  air  containing  a  greater  or  less  percentage  of  CO,.  Even  when 
the  amoont  of  CO,  in  the  air  in  direct  contact  with  the  blood  was  very  small,  it  was  found  that 
very  little  CO,  difinsed  from  the  blood  into  the  air-space.  Bohr  therefore  concludes  that  the 
separation  of  CO,  from  the  venous  blood  in  the  lungs,  and  its  passage  into  the  air-vesicles,  are 
not  explicable  on  the  hjrpothesis  of  difiusion,  but  we  must  rather  regard  the  CO,  as  removed  from 
the  blood  by  the  pulmonary  tissue  by  means  of  a  kind  of  secretory  process,  analogous  to  the 
excretion-prDcesses  in  glands.] 

130.  DISSOCIATION  OF  GASES.— Many  gases  iovax  true  chemical 
compounds  with  other  bodies  (/.  e. ,  they  combine  according  to  their  equivalents), 
when  the  contact  of  these  bodies  is  effected  under  conditions  such  that  the 
partial  pressure  of  the  gases  is  high.  The  chemical  compound  formed  under 
these  conditions  is  broken  up  whenever  the  partial  pressure  is  diminished,  or 
when  it  reaches  a  certain  minimum  level,  which  varies  with  the  nature  of  the 
bodies  forming  the  compound.  Thus,  by  increasing  and  diminishing  the  par- 
tial pressure  alternately,  a  chemical  compound  of  the  gas  may  be  formed  and 
again  broken  up.  This  process  is  called  dissociation  of  the  gases.  The 
minimal  partial  pressure  is  constant  for  each  of  the  different  substances  and 
gases,  bat  tempercUure^  as  in  the  case  of  the  absorption  of  gases,  has  a  great 
effect  on  the  partial  pressure ;  with  increase  of  temperature  the  partial  pressure, 
under  which  dissociation  occurs,  diminishes. 

As  an  example  of  the  dissociation  of  a  gas,  take  the  case  of  calcium  carbonate.  When  it  is 
heated  in  the  air  to  440^  C,  CO,  is  given  off  ftrom  its  state  of  chemical  combination,  but  is  taken 
up  again,  and  a  chemical  compound  formed,  which  is  changed  into  chalk  when  it  cools. 
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Dissociation  in  the  Blood. — The  chemical  combinations  containing  COj 
and  those  containing  O  within  the  blood-stream,  viz.,  the  salts  of  the  plasma, 
which  are  combined  with  CO,,  and  the  oxyhaemoglobin,  behave  in  a  similar 
manner.  If  these  compounds  of  O  and  CO,  are  placed  under  conditions  where 
the  partial  pressure  of  these  gases  is  very  low — /.  ^.,  in  a  medium  containing  a 
very  small  amount  of  these  gases,  the  compounds  are  dissociated^  /.  e.y  they 
give  off  CO,  or  O.  If  after  being  dissociated  they  are  placed  under  conditions 
where,  owing  to  the  large  amount  of  these  gases,  the  partial  pressure  of  0  or 
of  CO,  is  high,  these  gases  are  taken  up  again,  and  enter  into  a  condition  of 
chemical  combination. 

The  haemoglobin  of  the  blood  in  the  pulmonary  capillaries  finds  plenty  of 
O  in  the  alveoli ;  hence,  it  unites  with  the  O  owing  to  the  partial  pressure  of  ; 
the  O  in  the  lung,  and  so  forms  the  compound  oxy haemoglobin.  On  its  i 
course  through  the  capillaries  of  the  systemic  circulation,  the  oxyhsemoglobin  : 
of  the  blood  comes  into  relation  with  tissues  poor  in  O ;  the  oxyhaemoglobio  ; 
is  dissociated,  the  O  is  supplied  to  the  tissues,  and  the  blood  freed  from  this  0  j 
returns  to  the  right  heart,  and  passes  to  the  lungs,  where  it  takes  up  the  new  0. 

The  blood  whilst  circulating  meets  with  most  CO,  in  the  tissues ;   the  high 
partial  pressure  of  the  CO,  in  the  tissues  causes  CO,  to  unite  with  certain  con- 
stituents in  the  blood  so  as  to  form  chemical  compounds,  which  carry  the  CO,  j 
from  the  tissues  to  the  lungs.     In  the  air  of  the  lungs,  however,  the  partial  | 
pressure  of  the  CO,  is  very  low,  dissociation  of  these  chemical  compounds 
occurs  under  the  low  partial  pressure,  and  the  CO,  passes  into  the  air-cells  of  I 
the  lung,  from  which  it  is  expelled  during  expiration.     It  is  evident  that  the  ' 
giving  up  of  O  from  the  blood  to  the  tissues,  and  the  absorption  of  CO,  from 
the  tissues,  go  on  side  by  side  and  take  place  simultaneously,  while  in  the  lungs  ; 
the  reverse  processes  occur  almost  simultaneously. 

13Z.  CUTANEOUS  RESPIRATION.— Methods.— If  a  man  or  an  animal  be  jdaced  ia 
the  chamber  of  the  respiratory  apparatus  ({  122V  and  if  tubes  be  so  arranged  that  the  resptiaion 
gases  do  not  enter  the  chamber,  of  course  we  oMain  only  the  *'^ perspiration  "  of  the  skin  in  the 
chamber.  It  is  less  satisfactory  to  leave  the  head  of  the  person  outside  the  chamber,  while  ti» 
neck  is  Bxed  air-tight  in  the  wall  of  the  chamber.  The  extent  of  the  cutaneous  respiradon  oC  ' 
a  limb  may  be  ascertained  by  enclosing  it  in  an  airtight  vessel  {R5hrig)  similar  to  that  used  for 
the  arm  in  the  plethysmograph  (§  loi). 

Loss  by  Skin. — ^A  healthy  man  loses  by  the  skin,  in  24  hours,  ^  of  his  I 
body-weight,  which  is  greater  than  the  loss  by  the  lungs^  in  the  ratio  of  3 :  2.  | 
Only  10  grams — 150  grains, — or  it  may  be  3.9  grams — 60  grains, — of  the  entire  : 
loss  are  due  to  the  CO2  given  off  by  the  skin.  The  remainder  of  the  excretion  i 
from  the  skin  is  due  to  water  [1^-2  lbs.  daily]  containing  a  few  salts  in  solu- 1 
tion.  When  the  surrounding  temperature  is  raised,  the  CO,  is  increased,  in 
fact  it  may  be  doubled  ;  violent  muscular  exercise  has  the  same  effect. 

O  Absorbed. — The  O  taken  up  by  the  skin  is  either  equal  to,  or  slightly  \ 
less  than,  the  CO,  given  off.     As  the  CO,  excreted  by  the  skin  is  only  ^ir  ^^ 
that  excreted  by  the  lungs,  while  the  O  taken  in  =  y|^  of  that  taken  in  by  the  i 
lungs,  it  is  evident  that  the  respiratory  activity  of  the  skin  is  very  slight.  Animals 
whose  skin  has  been  covered  by  an  impermeable  varnish  die,  not  from  soifoca- 1 
tion,  but  from  other  causes  (§  225).  | 

In  animals  with  a  thin  moist  epidermis  (frog)  the  exchange  of  gases  is  much  greater,  and  in  ; 
them  the  skin  so  far  supports  the  lungs  in  their  function,  and  may  even  partly  replace  thee 
functionally.  The  skin  of  the  frog  eliminates  %-}(  of  all  the  CO,  excreted  (Bidder)^  and  even 
a  larger  proportion  in  winter  frogs.  Thus  dipping  a  frog  in  oil  kills  it  sooner  than  ligatore  0^ 
the  lungs.  In  mammals  with  thick  dry  cutaneous  appendages,  the  exchange  of  gases  b, 
again,  much  less  than  in  man. 

132.— INTERNAL  RESPIRATION.— Where  CO,  is  formed,— 

By  the  term  **  internal  respiration"  is  understood  the  exchange  of  gases 
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between  the  capillaries  of  the  systemic  circulation  and  the  tissues  of  the  organs 
of  the  body.     As  organic  constituents  of  the  tissues,  during  their  activity, 
undergo  gradual  oxidation,  and  form,  amongst  other  products,  CO,,  we  may 
assume — (i)  that  the  chief  focus  for  the  absorption  of  O  and  the  formation  of 
CO,  is  to  be  sought  for  within  the  tissues  themselves.     That  the  O  from  the 
blood  in  the  capillaries  rapidly  penetrates  or  diffuses  into  the  tissues  is  shown 
by  the  fact  that  the  blood  in  the  capillaries  rapidly  loses  O  and  gains  CO,, 
while  blood  containing  O,  and  kept  warm  outside  the  body,  changes  very  slowly 
and  incompletely.    If  portions  of  fresh  tissues  be  placed  in  defibrinated  blood 
containing  O,  then  the  O  rapidly  disappears.    Frogs  deprived  of  their  blood 
exhibit  an  exchange  of  gases  almost  as  great  as  normal.     This  ^hows  that  the 
exchange  of  gases  must  take  place  in  the  tissues  themselves.     If  the  chief 
oxidations  took  place  in  the  blood  and  not  in  the  tissues,  then  during  suffoca- 
tion, when  O  is  excluded,  the  substances  which  use  up  O,  /.  ^.,  those  sub- 
stances which  act  as  reducing  agents,  ought  to  accumulate  in  the  blood.     But  this 
is  not  the  case^  for  the  blood  of  asphyxiated  animals  contains  mere  traces  of 
reducing  materials  {Pfluger)-     It  is  difficult  to  say  how  the  O  is  absorbed  by 
the  tissues,  and  what  becomes  of  it  immediately  it  comes  in  contact  with  the 
living  elements  of  the  tissues.     Perhaps  it  is  temporarily  stored  up,  or  it  may 
form  certain  intermediate  less  oxidized  compounds.    This  may  be  followed  by 
a  period  of  rapid  formation  and  excretion  of  CO,.    On  this  supposition,  it  is 
evident  that  the  absorption  of  O  and  the  excretion  of  CO,  need  not  occur  to 
the  same  extent,  so  that  the  amount  of  CO,  given  off  at  any  period  is  not 
necessarily  an  index  of  the  amount  of  O  absorbed  during  the  same  period 
(§"7). 

[Oxygen  exists  in  excessively  small  quantities  in  the  tissues,  so  that  its  tension 
may  be  considered  as  nearly  zero :  thus  the  O  of  the  blood  must  diffuse  towards 
the  tissues.  If  two  fingers  touching  each  other  be  held  in  front  of  a  bright 
light,  then  by  means  of  a  spectroscope  placed  opposite  the  interval  between 
them,  one  can  see  the  two  bands  of  oxyhaemoglobin.  If  the  bases  of  the 
fingers  be  constricted  the  single  band  of  reduced  haemoglobin  appears  in  less 
than  two  minutes,  so  rapidly  is  the  blood  robbed  of  its  oxygen.  The  CO, 
formed  in  the  tissues  diffuses  towards  the  blood.  The  following  scheme  after 
Beaunis  represents  the  decrease  in  tension  of  the  two  gases : — 

O — Atmosphere>air  in  lungs>blood> tissues. 
CO, — ^Tissues>blood>air  in  lungs>atmosphere.] 

[There  are  two  views  as  to  where  the  CO,  is  formed  as  the  blood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  b  in  the  blood  itself,  and 
the  other  is  that  it  is  formed  in  the  tissues.  If  we  knew  the  tension  of  the  gases 
in  the  tissues,  the  problem  would  be  easily  solved,  but  we  can  only  arrive  at  a 
knowledge  of  this  subject  indirectly  in  the  following  ways]  : — 

CO,  in  Cavities. — That  the  CO,  is  formed  in  the  tissues  is  supported  by  the  fact  that  the 
tnKxmt  of  CO,  in  the  fluids  of  the  caTities  of  the  body  is  greater  than  the  CO,  in  the  blood  of 
the  capillaries.     The  tension  of  CO,  in — 

rain.  I  nun. 

Arterial  blood, 21.28  Hg  tension.    {    Bile  (gall  bladder),  ....  50.0  Hg  tension. 

Peritoneal  cavity,  ....  58.5  »*         «« 

Add  nrine, 68.0  "         »« 

Cavity  of  intestine,  .    .    .  58.5  "         " 


Hydrocele  fluid, 46.5 

Lymph  (thoracic  duct),  .    .  34.0    " 

(PflUger  and  Sirassburg.) 


The  large  amount  of  CO^  in  these  fluids  can  only  arise  from  the  CO^  of  the  tissues  passing 
into  them. 
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Gases  of  L3rmph. — ^The  following  table  shows  the  amount  of  gases  in  lymph : — 


/ 


Lymph  from  arm, < 

Lymph  from  intestine, 


COi 


N 


41.89 

47-13 
37.55 


1. 12 

1.58 
1.63 


In  the  lymph  of  the  ductus  thoracicus  the  tension  of  CO,  =  33.4  to  37.2  mm.  Hg, 
which  is  greater  than  in  arterial  blood,  dut  considerably  less  than  in  venous  blood  (41.0 
mm.  Hg).  (Litdwig  and  Hammarsten^  Tschirjew).  This  does  not  enthle  us  to  conclude 
that  in  the  tissues  from  which  the  lymph  comes  only  a  small  quantity  of  CO,  b  foHned,  but 
rather  that  in  the  lymph  there  is  less  attraction  for  the  CO,  formed  in  the  tissues  than  in  the 
blood  of  the  capillaries,  where  chemical  forces  are  active  in  causing  it  to  combine,  or  that  in  the 
course  of  the  long  lymph-current,  the  CO,  is  partly  given  back  to  the  tissues,  or  that  CO,  is 
formed  in  the  blo<^  itself.  Further,  the  muscles,  which  are  by  far  the  largest  producers  of  CO,, 
contain  few  lymphatics,  nevertheless  they  supply  much  CO,  to  the  blood.  The  amount  of  fm 
<*  non-fixed ''  CO,  contained  in  the  juices  and  tissues  indicates  that  the  CO,  passes  from  the 
tissues  into  the  blood ;  still,  Preyer  believes  that  in  venous  blood  CO^  undergoes  chemical  com* 
bination.  The  exchange  of  O  and  CO,  varies  much  in  the  different  tissues.  The  muscles  are 
the  most  important  organs,  for  in  their  active  condition  they  excrete  a  large  amount  of  CO,,  and 
use  up  much  O.  The  O  is  so  rapidly  used  up  by  them  that  no  free  O  can  be  pumped  out  of 
muscular  tissue  (Z.  HermannX  The  exchange  of  gases  is  more  vigorous  dunng  the  activity 
of  the  tissues.  Nor  are  the  Milivary  glands,  kidneys,  and  pancreas  any  exception,  for  although, 
when  these  organs  are  actively  secreting,  the  blood  flows  out  of  the  dilated  veins  in  a  bright  red 
stream,  still  the  relative  diminution  of  CO,  is  more  than  compensated  by  the  increased  volume 
of  blood  which  passes  through  these  organs. 

Reduction  by  the  tissues. — The  researches  of  Ehrlich  have  shown  that  in  noost  tissues  Tery 
energetic  reductions  take  place.  If  coloring-matters,  such  as  alizarin  blue,  indophenol  blue, 
or  methyl  blue,  be  introduced  into  the  blood- stream,  the  tissues  are  colored  by  them.  Those 
tissues  or  organs  which  have  a  particular  aflinity  for  O  (e,g,^  liver,  cortex  of  Uie  kidney,  and 
lungs),  absorb  O  from  these  pigments,  and  render  them  colorless.  The  pancreas  and  sub- 
maxillary gland  scarcely  reduce  them  at  all. 

^2)  In  the  blood  itself,  as  in  all  tissues,  O  is  used  up  and  CO,  is  formed. 
This  is  proved  by  the  following  facts :  That  blood  withdrawn  from  the  body 
becomes  poorer  in  O  and  richer  in  CO, ;  that  in  the  blood  of  asphyxia,  free 
from  O  and  in  the  blood- corpuscles,  there  are  slight  traces  of  reducing  agents^ 
which  become  oxidized  on  the  addition  of  O.  Still,  this  process  is  compara- 
tively insignificant  as  against  that  which  occurs  in  all  other  tissues.  That  the 
walls  of  the  vessels — more  especially  the  muscular  fibres  in  the  walls  of  the 
small  arteries — use  O  and  produce  CO,  is  unquestionable,  although  the  exchange 
is  so  slight  that  the  blood  in  its  whole  arterial  course  undergoes  no  visible 
change. 

Ludwig  and  his  pupils  have  proved  that  CO,  is  actually  formed  in  the  blood.  If  the  easily 
oxidizable  lactate  of  soda  be  mixed  with  blood,  and  this  blood  be  caused  to  circulate  in  an  excised 
but  still  living  organ,  such  as  a  lung  or  kidney,  more  O  is  used  up  and  more  CO,  is  formed  than 
in  unmixed  blood  similarly  transfused. 

(3)  That  the  tissues  of  the  living  lungs  use  O  and  give  off  CO,  is  probable. 
When  C.  Ludwig  and  Miiller  passed  arterial  blood  through  the  blood-vessels  of 
a  lung  deprived  of  air,  the  O  was  diminished  and  the  CO,  increased.  As  the  total 
amount  of  CO,  and  O  found  in  the  entire  blood,  at  any  one  time,  is  only  4  graiiis» 
and  as  the  daily  excretion  of  CO,  =  900  grams,  and  the  O  absorbed  daily  =  74^ 
grams,  it  is  clear  that  exchange  of  gases  must  go  on  with  great  rapidity,  tHat 
the  O  absorbed  must  be  used  quickly,  and  the  CO,  must  be  rapidly  excreted  . 

Still,  it  is  a  striking  fact  that  oxidation-processes  of  such  magnitude,  as  e.g,^  the  union  oC  C 
to  form  CO,,  occur  at  a  relatively  low  temperature  of  the  blood  and  the  tissues.  It  has  l>eeii 
surmised  that  the  blood  acts  as  an  ozone- producer,  and  transfers  this  active  form  of  O  to  tbe 
tissues.     Liebig   showed  that  the  alkaline  reaction  of  most  of  the  juices  and  tissues  favors  tlic 
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processes  of  oxidation.  Numerous  organic  substances,  which  are  not  altered  by  O  alone, 
become  rapidly  oxidized  in  the  presence  of  free  alkalies,  e.g,^  gallic  add,  pyrogallic  acid,  and 
sugar ;  while  many  organic  adds,  which  are  unaffected  by  ozone  alone,  are  changed  into 
carbonates  when  in  the  form  of  alkaline  salts  (GorufhBesanez)\  and  in  the  same  way,  when 
they  are  introduced  into  the  body  in  the  form  of  acids,  they  are  partly  or  wholly  excreted  in  the 
mine,  but  when  they  are  administered  as  alkaline  compounds  they  are  changed  into  carbonates. 

[Comparative  Physiology  of  Respiration. — The  raost  important  re- 
searches in  this  department  have  been  made  by  Regnault  and  Reiset  and  Paul 
Bert.  The  following  table  shows  the  quantity  of  O  absorbed,  COa  and  N 
excreted  by  the  respiratory  organs  per  kilo. -weight  of  the  animal  during  one 
hour: — 


Rabbit,.   . 

D<^..   . 
Marmot,    . 
Fowl,.  . 
Sparrow.   . 
Lizard,  .    . 
Frog,.  .    . 
Salamander, 
Codcchafer, 


0  Absorbed. 

CO.Excreted. 

N  Excreted. 

grms. 

grms. 

grms. 

0.883 

1.109 

0.004 

1.183 

I.195 

0.007 

0.986 

I.016 

0.009 

1.035 

1.368 

0.007 

9-595 

10.583 

0.008 

0.191 

0.197 

0.004 

0.090 

0.091 

0.000 

0.085 

O.I  13 

0.000 

0.019 

I.I37 

0.087] 

[It  is  evident  that  the  respiration  of  birds  is  much  more  active  than  that  of 
mammals,  while  in  mammals  and  insects  it  is  far  more  active  than  in  reptiles 
and  amphibians.  The  respiration  of  fishes  is  much  less  active  than  that  of 
mammals.] 

[The  respiratory  quotient  shows  a  marked  difference  in  carnivora  and 
herbivora ;  in  herbivora  =  0.9-1,  in  carnivora  =  o.  75-0.8,  while  the  omnivora, 
<r.^.,  man,  stands  midway  between  =  0.87,  but  it  is  increased  by  carbohydrate 
food,  and  diminished  by  animal  food.  In  starving  animals,  however,  the  re- 
spiratory quotient  is  the  same  =  0.75,  showing  that  the  oxidation  in  starving 
animals  takes  place  at  the  expense  of  the  tissues  of  the  body  (^Munk),'\ 

[The  species  of  animal  exercises  a  marked  influence  on  the  intensity  of 
the  respiratory  process,  as  shown  by  the  following  table  from  Munk,  giving 
the  amount  of  O  absorbed  per  unit  weight  (/.  ^.,  per  kilogram)  of  the  animal. 
It  is  at  once  apparent  that  the  intensity  of  respiration  is  not  parallel  to  the 
body- weight : — 


Species  of  Animal. 

0  in  Grams.  Absorbed. 

CO 
Respiratory  Quotient,  -tt-'* 

Cat, 

1.007 
I.183 
0.918 
1.300 
11.360 
0.084 
0.417 
0.563 
0.552 
049 

0.77 
0.75 

0.92              ! 

0.93 
0.78 

0.63 

0.87 

0.97 

0.9 

0.98] 

LkxTf 

Rmbbk,. 

Fowl, 

Smmll  Singing-bird 

Frog 

Man 

XlOC9C« 

Ox, 

Sbccp, 

[Small  animals,  as  a  rule,  have  the  greatest  intensity  of  respiration ;  birds 
have  the  most  intense  respiration,  and  this  is  greater  the  smaller  the  bird.  Thus 
small  singing-birds  use  nearly  ten  times  as  much  oxygen  as  fowls.     In  cold- 
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blooded  animals  it  is  exceedingly  small.  A  guinea-pig  placed  in  a  chamber 
containing  little  oxygen  within  a  short  time  becomes  convulsed  and  dies,  while 
a  frog  will  live  for  many  hours  in  an  atmosphere  devoid  of  oxygen  (^Afunk).'\ 

133.  RESPIRATION  IN  A  LIMITED  SPACE.— Respiration  in  a 
limited  space  causes — (i)  a  gradual  diminution  of  O  ;  (2)  a  simultaneous 
increase  of  CO2 ;  (3)  a  diminution  in  the  volume  of  the  gases.  If  the  space  be 
of  moderate  dimensions,  the  animal  uses  up  almost  all  the  O  contained 
therein,  and  dies  ultimately  from  spasms  caused  by  the  asphyxia.  The  O  is 
absorbed,  therefore — independently  of  the  laws  of  absorption — by  chemical 
means.  The  O  in  the  blood  is  almost  completely  used  up  (§  129).  In  a 
larger  space,  the  CO2  accumulates  rapidly,  before  the  diminution  of  O  is 
such  as  to  affect  the  life  of  the  animal.  As  COt  can  only  be  excreted  from  the 
blood  when  the  tension  of  the  CO,  in  the  blood  is  greater  than  the  tension 
of  CO2  in  the  air,  as  soon  as  the  CO,  in  the  surrounding  air  in  the  closed  space 
becomes  the  same  as  in  the  blood,  the  CO,  will  be  retained  in  the  blood,  and 
finally  CO,  may  pass  back  into  the  body.  This  occurs  in  a  large  closed  space, 
when  the  amount  of  O  is  still  sufficient  to  support  life,  so  that  death  occurs 
under  these  circumstances  (in  rabbits)  through  poisoning  with  CO,  causing 
diminished  excitability,  loss  of  consciousness,  and  lowering  of  temperature,  but 
no  spasms  ( IVorm  Mulier).  In  pure  O  animals  breathe  in  a  normal  way ;  the 
quantity  of  O  absorbed  and  the  CO,  excreted  is  quite  independent  of  the  per- 
centage of  O,  so  that  the  former  occurs  through  chemical  agency  independent 
of  pressure.  In  a  limited  space  filled  with  O  animals  die  by  absorption  of  the 
CO,  excreted.  Worm  Mulier  found  that  rabbits  died  after  absorbing  CO,  equal 
to  half  the  volume  of  their  body,  although  the  air  still  contained  50  per  cent. 
O.  Animals  can  breathe  quite  quietly  a  mixture  of  air  containing  14.8  per 
cent.  (20.9  per  cent,  normal)  ;  with  7  per  cent,  they  breathe  with  difficulty ; 
with  4.5  per  cent,  there  is  marked  dyspnoea;  with  3  per  cent.  O  there  is  toler- 
ably rapid  asphyxia.  The  air  expired  by  man  normally  contains  14  to  18  per 
cent.  O.  According  to  Hempner,  mammals  placed  in  a  mixture  of  gases  poor 
in  O  use  slightly  less  O. 

Dyspnoea  occurs  when  the  respired  air  is  deBcient  in  O,  as  well  as  when  it  is  overcharged  with 
CO,,  biit  the  dyspnoea  in  the  former  case  is  prolonged  and  severe ;  in  the  latter,  the  respiratorj 
activity  soon  ceases.  The  want  of  O  causes  a  greater  and  more  prolonged  increase  of  the  blood- 
pressure  than  is  caused  by  excess  of  CO,.  Lastly,  the  consumption  of  O  in  the  body  is  less 
afiiscted  when  the  O  in  the  air  is  diminished  than  when  there  is  excess  of  CO,.  If  air  containing 
a  diminished  amount  of  O  be  respired,  death  is  preceded  by  violent  phenomena  of  excitement 
and  spasms,  which  are  absent  in  cases  of  death  caused  by  breathing  air  over-charged  with  CO,. 
In  poisoning  with  CO,,  the  excretion  of  CO,  is  greatly  diminished,  while  with  diminution  of  O  it 
is  idmost  unchanged. 

If  animals  be  supplied  with  a  mixture  of  gases  similar  to  the  atmosphere,  in 
which  N  is  replaced  by  H,  they  breathe  quite  normally  (Lavoisier  and  Seguin) ; 
the  H  undergoes  no  great  change. 

CI.  Bernard  found  that,  when  an  animal  breathed  in  a  limited  space,  it  became  partially 
accustomed  to  the  condition.  On  placing  a  bird  under  a  bell-jar,  it  lived  several  hours ;  but 
if  several  hours  before  its  death,  another  bird  fresh  from  the  outer  air  were  placed  under  the 
same  bell-jar,  the  second  bird  died  soon,  with  convulsions. 

Frogs,  when  placed  for  several  hours  in  air  devoid  of  O,  give  off  just  as  much  CO,  as  in  air 
containing  O,  and  they  do  this  without  any  obvioiis  disturbance.  Hence,  it  appears  that  the 
formation  of  CO.  is  independent  of  the  absorption  of  O,  and  the  CO,  must  be  formed  from  the 
decomposition  ot  other  compounds.  Ultimately,  however,  complete  motor  paralysis  occurs, 
whilst  the  circulation  remains  undisturbed  (Auberi), 

[134,  DYSPNCEA  AND  ASPHYXIA,— For  the  causes  of  dyspnoea  sec 
§111,  and  those  of  asphyxia  see  §  368.  If  from  any  cause  an  animal  be  not 
supplied  with  a  due  amount  of  air,  normal  respiration  becomes  greatly  altered, 
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passing  through  the  phases  of  hyperpnoea,  or  increased  respiration,  dyspnoea^ 
or  difficulty  of  breathing,  to  the  final  condition  of  suffocation  or  asphyxia^ 
The  phenomena  of  asphyxia  may  be  developed  by  closing  the  trachea  of  an 
animal  with  a  clamp,  or  by  any  means  which  prevents  the  entrance  of  air  or 
blood  into  the  lungs. 

The  phenomena  of  asphyxia  are  usually  divided  into  several  stages : — i. 
During  the  first  stage  there  is  hyperpnoea,  the  respirations  being  deeper,  more 
frequent,  and  labored.  The  extraordinary  muscles  of  respiration — both  those 
of  inspiration  and  expiration  (§  118) — are  called  into  action,  dyspnoea  is  rapidly 
produced,  and  the  struggle  for  air  becomes  more  and  more  severe.  At  the  same 
time  the  oxygen  of  blood  is  being  used  up,  while  the  blood  itself  becomes 
more  and  more  venous.  The  venous  blood  circulating  in  the  medulla  oblon- 
gata and  spinal  cord  stimulates  the  respiratory  centres,  and  causes  the  violent 
respirations.  This  stage  usually  lasts  about  a  minute,  and  gradually  gives  place 
to— 

2.  The  second  stage,  when  the  inspiratory  muscles  become  less  active, 
while  those  concerned  in  labored  expiration  contract  energetically,  and  indeed 
almost  every  muscle  in  the  body  may  contract ;  so  that  this  stage  of  violent 
expiratory  efforts  ends  in  general  convulsions.  The  convulsions  are  due  to 
stimulation  of  the  respiratory  centres  by  the  venous  blood.  The  convulsive 
stage  is  short,  and  is  usually  reached  in  a  little  over  one  minute.  This  storm  is 
succeeded  by — 

3.  The  third  stage,  or  stage  of  exhaustion,  the  transition  being  usually 
somewhat  sudden.  It  is  brought  about  by  the  venous  blood  acting  on  and 
paralyzing  the  respiratory  centres.  The  pupils  are  widely  dilated,  consciousness 
is  abolished,  and  the  activity  of  the  reflex  centres  is  so  depressed  that  it  is  im- 
possible to  discharge  a  reflex  act,  even  from  the  cornea.  The  animal  lies  almost 
motionless,  with  flaccid  muscles,  and  to  all  appearance  dead,  but  every  now 
and  again,  at  long  intervals,  it  makes  a  few  deep  inspiratory  efforts,  showing 
that  the  respiratory  centres  are  not  quiet,  but  almost  paralyz^.  Gradually  the 
pauses  become  longer  and  the  inspirations  feebler  and  of  a  gasping  character. 
As  the  venous  blood  circulates  in  the  spinal  cord,  it  causes  a  large  number  of 
muscles  to  contract,  so  that  the  animal  extends  its  trunk  and  limbs.  It  makes 
one  great  inspiratory  spasm,  the  mouth  being  widely  opened  and  the  nostrils 
dilated,  and  ceases  to  breathe.  After  this  stage,  which  is  the  longest  and  most 
variable,  the  heart  becomes  paralyzed,  partly  from  being  over-distended  with 
venous  blood,  and  partly,  perhaps,  from  the  action  of  the  venous  blood  on  the 
cardiac  tissues,  so  that  the  pulse  can  hardly  be  felt.  To  this  pulseless  condi- 
tion the  term  *•  asphyxia"  ought  properly  to  be  applied.  In  connection  with 
the  resuscitation  of  asph)rxiated  persons,  it  is  important  to  note  that  the  heart 
continues  to  beat  for  a  few  seconds  after  the  respiratory  movements  have 
ceased. 

The  whole  series  of  phenomena  occupies  from  3  to  5  minutes,  according  to 
the  animal  operated  on,  and  depending  also  upon  the  suddenness  with  which 
the  trachea  was  closed.  If  the  causes  of  suffocation  act  more  slowly,  the  phe- 
nomena are  the  same,  only  they  are  developed  more  slowly. 

The  Circulation. — The  post-morteni  appearances  in  man  or  in  an 
animal  are  generally  well  marked.  The  right  side  of  the  heart,  the  pulmonary 
artery,  the  venae  cavae,  and  the  veins  of  the  neck  are  engorged  with  dark  ven- 
ous blood.  The  left  side  is  comparatively  empty.  If  the  veins  on  the  right 
side,  or  the  right  side  of  the  heart,  be  pricked,  the  blood  spurts  out.  Most  ob- 
servers are  agreed  that  the  left  side  of  the  heart  is  comparatively  empty,  al- 
though they  are  not  in  accord  as  to  its  cause.  Some  observers  ascribe  it  to  the 
rigor  mortis  of  the  left  side  of  the  heart,  and  the  elastic  recoil  of  the  systemic 
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arteries,  forcing  the  blood  towards  the  systemic  veins.  G.  Johnson  ascribes 
the  engorgement  of  the  right  side  to  spasm  of  the  pulmonary  arterioles.  The 
blood  itself  is  almost  black,  and  is  deprived  of  almost  all  its  oxygen,  its 
haemoglobin  being  nearly  all  in  the  condition  of  reduced  haemoglobin,  while 
ordinary  venous  blood  contains  a  considerable  amount  of  oxy haemoglobin 
as  well  as  reduced  Hb.  The  blood  of  an  asphyxiated  animal  practically  con- 
tains none  of  the  former  and  much  of  the  latter.  The  spectrum  of  blood 
from  an  asphyxiated  animal,  where  all  oxygen  has  been  used  up,  is  that  of 
reduced  haemoglobin  (p.  26).  It  is  important  to  study  the  changes  in  the  cir- 
culation in  relation  to  phenomena  exhibited  by  an  animal  during  suffocation. 

We  may  measure  the  blood-pressure  in  any  artery  of  an  animal  while  it  is 
being  asphyxiated,  or  we  may  open  its  chesty  maintain  artificial  respiration,  and 
place  a  manometer  in  a  systemic  artery,  e,  g,,  the  carotid,  and  another  in  a 
branch  of  the  pulmonary  artery.  In  the  latter  case,  we  can  watch  the  order  of 
events  in  the  heart  itself,  when  the  artificial  respiration  is  interrupted.  It  is 
well  to  study  the  events  in  both  cases. 

If  the  blood-pressure  be  measured  in  a  systemic  artery,  e.  g.,  the  caro- 
tid, it  is  found  that  the  blood -pressure  rises  very  rapidly,  and  to  a  great  extent 
during  the  first  and  second  stages ;  the  pulse-beats  at  first  are  quicker,  but  soon 
become  slower  and  more  vigorous.  During  the  third  stage  it  falls  rapidly  to 
zero.  The  great  rise  of  the  blood-pressure,  during  the  first  and  second  stages, 
is  chiefly  due  to  the  action  of  the  venous  blood  on  the  general  vaso-motor 
centre,  causing  constriction  of  the  small  systemic  arteries.  The  peripheral 
resistance  is  thus  greatly  increased,  and  it  tends  to  cause  the  heart  to  contract 
more  vigorously,  but  the  slower  and  more  vigorous  beats  of  the  heart  are  also 
partly  due  to  the  action  of  the  venous  blood  on  the  cardio-inhibitory  centre  in 
the  medulla. 

If  the  second  method  be  adopted,  viz.,  to  open  the  chest,  keep  up  artificial 
respiration,  and  measure  the  blood-pressure  in  a  branch  of  the  pulmonary  artery, 
as  well  as  in  a  systemic  artery, — e.  g.,  the  carotid, — we  find  that  when  the  arti- 
ficial respiration  is*stopped,  in  addition  to  the  rise  of  the  blood-pressure  indi- 
cated in  the  carotid  manometer,  the  cavities  of  the  heart  and  the  large  veins 
near  it  are  engorged  with  venous  blood.  There  is,  however,  but  a  slight  com- 
parative rise  in  the  blood-pressure  in  the  pulmonary  artery ;  while  the  sys- 
temic pressure  may  be  doubled,  the  pulmonary  artery  pressure  may  be  only* 
raised  a  few  millimetres  (p.  153).  This  may  be  accounted  for,  either  by  the 
pulmonary  artery  not  being  influenced  to  the  same  extent  as  other  arteries  by 
the  yaso-motor  centre,  or  by  its  greater  distensibility  (§  88).  But,  as  the  heart 
itself  is  supplied  through  the  coronary  arteries  with  venous  blood,  its  action 
soon  becomes  weakened,  each  beat  becomes  feebler,  so  that  soon  the  left  ven- 
tricle ceases  to  contract,  and  is  unable  to  overcome  the  great  peripheral  resist- 
ance in  the  systemic  arteries,  although  the  right  ventricle  may  still  be  con- 
tracting. As  the  blood  becomes  more  venous,  the  vaso-motor  centre  becomes 
paralyzed,  the  small  systemic  arteries  relax,  and  the  blood  flows  from  them  into 
the  veins,  while  the  blood-pressure  in  the  carotid  manometer  rapidly  falls.  The 
left  ventricle,  now  relieved  from  the  great  internal  pressure,  may  execute  a  few 
feeble  beats,  but  they  can  only  be  feeble,  as  its  tissues  have  been  subjected  to 
the  action  of  the  very  impure  blood.  More  and  more  blood  accumulates  in  the 
right  side  from  the  causes  already  mentioned.  The  violent  inspiratory  efforts 
in  the  early  stages  aspirate  blood  from  the  veins  towards  the  right  side  of  the 
heart,  but  of  course  this  factor  is  absent  when  the  chest  is  opened.] 

[Convulsions  during  asphyxia  occur  only  in  warm-blooded  animals,  and 
not  in  frogs.  If  a  drug  when  injected  into  a  mammal  excites  convulsions,  but 
does  not  do  so  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions  are 
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due  to  its  action  on  the  circulation  and  respiration,  and  not  to  any  direct 
stimulating  effect  upon  the  motor  centres.  But  if  the  drug  excites  convulsions 
both  in  the  mammal  and  frog,  then  it  probably  acts  directly  on  the  motor  cen- 
tres (j5run/im).'\ 

[Recovery  from  the  condition  of  Asphyxia. — If  the  trachea  of  a  dog  be  closed  sud- 
denly and  completely,  the  average  duration  of  the  respiratory  moYements  is  4  minutes  5  seconds, 
while  the  heart  continues  to  beat  for  about  7  minutes.  Recovery  may  be  obtained  if  proper 
means  be  adopted  bef<»^  the  heart  ceases  to  beat ;  but  after  this,  never.  If  a  dog  be  drowned, 
the  result  is  different.  After  complete  submersion  for  i  }i  minute,  recovery  did  not  take  place. 
In  drowning,  air  passes  out  of  the  chest,  and  water  is  inspired  into  and  fills  the  air-vesicles.  It 
is  rare  for  recovery  to  take  place  in  a  person  deprived  of  air  for  more  than  five  minutes.  If  the 
statements  of  sponge-divers  are  to  be  trusted,  a  person  may  be  accustomed  to  the  deprival  of  air 
for  a  longer  time  than  usual.  In  cases  where  recovery  takes  place  after  a  much  longer  period  of 
submersion,  it  has  been  suggested  that,  in  these  cases,  syncope  occurs,  the  heart  beats' but  feebly 
or  not  at  all,  so  that  the  oxygen  in  the  blood  b  not  used  up  with  the  same  rapidity.  It  is  a  well- 
known  fact  that  newly-born  and  young  puppies  can  be  submerged  for  a  long  time  before  they 
are  suffocated.  Young  mammals  in  which  the  eyes  remain  closed  for  some  time  after  birth  survive 
submersion  for  a  much  longer  time  than  the  same  class  of  animals  a  few  days  older,  the  reason 
being  that  in  the  former  the  foramen  ovale  and  ductus  arteriosus  are  still  patent,  while  in  the  latter 
they  are  closed.] 

Artificial  Respiration  in  Asphyxia. — In  cases  of  suspended  animation,  artificial  respiration 
must  be  performed.  The  first  thing  to  be  done  is  to  remove  any  foreign  substance  from  the 
respiratory  passages  (mucus  or  oedematous  fluids)  in  the  newly-born  or  asphyxiated.  In  doubt- 
ful cases,  open  the  trachea  and  suck  out  any  fluid  by  means  of  an  elastic  catheter  (v.  H&ter), 
Recourse  must  in  all  cases  be  had  to  artificial  respiration.  There  are  several  methods  of  dilating 
and  compressing  the  chest  so  as  to  cause  an  exchange  of  gases.  One  method  is  to  compress  the 
cbe«t  rhythmically  with  the  bands. 

[Marshall  Hall's  Method. — ^  After  clearing  the  mouth  and  throat,  place  the  patient  on  the 
&ce,  raising  and  supporting  the  chest  well  on  a  folded  coat  or  other  article  of  dress.  Turn  the 
body  very  gently  on  the  side  and  a  little  beyond,  and  then  briskly  on  the  face,  back  again, 
repeating  these  measures  cautiously,  efficiently,  and  perseveringly,  about  fifteen  times  in  the 
minute,  or  once  every  four  or  five  seconds,  occasionally  varying  the  side.  By  placing  the 
patient  on  the  chest,  the  weight  of  the  body  forces  the  air  out;  when  turned  on  the  side  this 
piessme  is  removed,  and  air  enters  the  chest.  On  each  occasion  that  the  body  is  replaced  on 
the  face,  make  uniform  but  efficient  pressure  with  brisk  movement  on  the  back  between  and 
bdow  the  shoulder-blades  or  bones  on  each  side,  removing  the  pressure  immediately  before 
turning  the  body  on  the  side.  During  the  whole  of  the  operations  let  one  person  attend  solely 
to  the  movements  of  the  bead  and  of  the  arm  placed  under  it.'*] 

[Sylvester's  Method. — **  Place  the  patient  on  the  back  on  a  flat  surface,  inclined  a  little 
upwards  firom  the  feet ;  raise  and  support  the  head  and  shoulders  on  a  small  firm  cushion  or 
folded  articles  of  dress  placed  under  the  shoulder-blades.  Draw  forward  the  patient's  tongue, 
and  keep  it  projecting  beyond  the  lips;  an  elastic  band  over  the  tongue  and  under  the  chin 
will  answer  tnb  purpose,  or  a  piece  of  string  or  tape  may  be  tied  round  them,  or  by  raising  the 
lower  jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove  all  tight 
clothing  from  about  the  neck  and  chest,  especially  the  braces."  "7b  Imitate  the  Movements  of 
Breathing. — Standing  at  the  patient's  head,  grasp  the  arms  just  above  the  elbows,  and  draw  the 
arms  gently  and  steadily  upwards  above  the  head,  and  keep  them  stretched  upwards  for  two 
seconds.  By  this  means  air  is  drawn  into  the  lungs.  Then  turn  down  the  patient's  arms,  and 
press  them  gently  and  firmly  for  two  seconds  against  the  sides  of  the  chest.  By  this  means  air 
is  pressed  out  of  the  lungs.  Repeat  these  measures  alternately,  deliberately,  and  perseveringly 
aboat  fifteen  times  in  a  minute,  until  a  spontaneous  effort  to  respire  is  perceived,  immediately 
upon  which  cease  to  imitate  the  movements  of  breathing,  and  proceed  to  induce  circulation  and 

Howard  advises  rhythmical  compression  of  the  chest  and  abdomen  by  sitting  like  a  rider 
astride  of  the  body,  while  Schiiller  advises  that  the  lower  ribs  be  seized  from  above  with  both 
hands  and  raised,  whereby  the  chest  is  dilated,  especially  when  the  thigh  is  pressed  against  the 
abdomen  to  compress  the  abdominal  walls.  The  chest  is  compressed  by  laying  the  hands  flat 
upon  the  hvpochondria.  Artificial  respiration  acts  favorably  by  supplying  O  to,  as  well  as 
removing  CO,  from,  the  blood ;  further,  it  aids  the  movement  of  the  blocnd  within  the  heart  and 
in  the  large  vessels  of  the  thorax.  If  the  action  of  the  heart  has  ceased,  recovery  is  impossible. 
In  as{^3rxiated  newly-born  children,  we  must  not  cease  too  soon  to  ]>erform  artificial  respiration. 
Even  when  the  result  appears  hopeless,  we  ought  to  persevere.  Pflttger  and  Zuntz  observed 
that  the  reflex  excitability  of  the  foetal  heart  continued  for  several  hours  after  the  death  of  the 
mother. 
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Resuscitation  by  compressing  the  heart. — Bohm  found  that  in  the  case  of  cats  poisoned  with 
potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrest  respiration  and  the  action  of  the 
heart, — even  for  a  period  of  forty  minutes, — and  even  when  the  pressure  within  the  carotid  had 
fallen  to  zero,  he  could  restore  animation  by  rhythmical  compressiqn  of  the  hearty  combined  with 
artificial  respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blood, 
while  it  acts  at  the  same  time  as  a  rhythmical  cardiac  stimulus.  After  recovery  of  the  respira- 
tion, the  reflex  excitability  and  gradually  also  voluntary  movements  are  restored.  The  animals 
are  blind  for  several  da3rs,  the  bmin  acts  slowly,  and  the  urine  contains  sugar.  These  experiments 
show  how  important  it  is  in  cases  of  asphyxia  to  act  at  the  same  time  upon  the  heart. 

For  physiological  purposes,  artificial  respiration  is  often  made  use  of,  especially  after 
poisoning  with  curare.  Air  is  forced  into  the  lungs  by  means  of  an  elastic  bag  or  bellows, 
attached  to  a  cannula  tied  in  the  trachea.  The  cannula  has  a  small  opening  in  the  side  of  it  to 
allow  the  expired  air  to  escape. 

Pathological. — After  the  lungs  have  once  been  properly  distended  with  air,  it  is  impossible 
by  any  amount  of  direct  compression  of  them  to  get  rid  of  all  the  air.  This  is  probably  due  to 
the  pressure  acting  on  the  small  bronchi,  so  as  to  squeeze  them,  before  the  air  can  be  forced  out 
of  the  air-vesicles.  If,  however,  a  1i;q£  be  filled  with  CO,,  and  be  suspended  in  water,  the  CO, 
is  absorbed  by  the  water,  and  the  lungsbecome  quite  free  from  air  and  are  atelectatic  {^Hermann 
and  JCeller).  The  atelectasis,  which  sometimes  occurs  in  the  lung,  may  thus  be  explained :  If 
a  bronchus  is  stopped  with  mucus  or  exudation,  CO,  accumulates  in  the  air- vesicles  belonging  to 
this  bronchus.  If  the  CO.  is  absorbed  by  the  blood  or  lymph,  the  corresponding  area  of  the 
lung  will  become  atelectatic.  Sometimes  there  is  spasm  of  the  respiratory  muscles,  brought  about 
by  direct  or  reflex  stimulation  of  the  respiratory  centre. 

a 

135.  RESPIRATION  OF  FOREIGN  GASES.— No  gas  without  a 
sufficient  admixture  of  O  can  support  life.  Even  with  completely  innocuous  and 
indiflferent  gases,  if  no  O  be  mixed  with  them,  they  cause  suffocation  in  2  to  3 
minutes. 

I.  Completely  indifferent  Gases  are  N,  H,  CH^.  The  living  blood  of  an  animal  breathmg 
these  gases  yields  no  O  to  them  (PfiUgerY 

II.  Poisonous  Oases. — O -displacing  Gases. — (a)  Those  that  displace  O,  and  form  a 
stable  compound  with  the  haemoglobin — (i)  CO  (22  16  and  17).  (2)  CNH  (hydrocyanic  acid) 
displaces  (?)  O  from  haemoglobin,  forming  a  more  stable  compound,  and  kills  exceedingly  rapidly. 
Blood-corpuscles  charged  with  hydroc3ranic  acid  lose  the  property  of  decomposing  hydric  peroxide 
into  water  and  O  (J  17,  5). 

(b)  Narcotic  Oases. — (i)  CO,. — V.  Pettenkofer  characterizes  atmospheric  air  containing  .1 
per  cent.  CO.  as ''  bad  air  " ;  still,  air  in  a  room  containing  this  amount  of  CO,  produces  a  dis- 
agreeable feeling,  rather  from  the  impurities  mixed  with  it  than  from  the  actual  amount  of  CO, 
itself.  Air  containing  I  per  cent.  CO,  produces  decided  discomfort,  and  with  10  per  cent  it 
endangers  life,  while  larger  amounts  cause  death,  with  symptoms  of  coma.  (2)  N,0  (nitrous 
oxide),  respu-ed,  mixed  with  \  volume  O,  causes,  after  I  to  2  minutes,  a  short  temporary  stage  of 
excitement  (*'  Laughing  gas  "  of  H.  Davy),  which  is  succeeded  by  unconsciousness,  and  aifter. 
wards  by  an  increased  excretion  of  CO,.     (3)  Ozonized  air  causes  similar  effects  {Binz), 

{c)  Reducing  Gases. — (i)  H,S  (sulphuretted  hydrogen)  rapidly  robs  blood-corpuscles  of 
0---S  and  H,0  being  formed — and  death  occurs  rapidly  before  the  gas  can  decompose  the 
haemoglobin  to  form  a  sulphur-methaemoglobin  compound.  (2)  PH,  (pbosphuretted  hydrogen) 
is  oxidized  in  the  blood  to  form  phosphoric  acid  and  water,  with  decomposition  of  the  hxmo- 
globin. 

(3)  AsH,  Tarseniuretted  hydrogen)  and  SbH,  (antimoniuretted  hydrogen)  act  like  PH,,  but 
the  haemoglobm  passes  out  of  the  stroma  and  appears  in  the  urine. 

(4)  C2N,  (cyanogen)  absorbs  O,  and  decomposes  the  blood. 

III.  Irrespirable  Gases,  t.r.,  gases  which,  on  entering  the  larynx,  cause  reflex  spasm  of 
the  glottis.  When  introduced  into  the  trachea,  they  cause  inflammation  and  death.  Under  this 
category  come  hydrochloric,  hydrofluoric,  sulphurous,  nitrous,  and  nitric  acids,  ammonia, 
chlorine,  fluorine,  and  ozone. 

136,  ACCIDENTAL  IMPURITIES  OF  THE  AIR,— Amongst 
these  are  dust-particles,  which  occur  in  enormous  amount  suspended  in  the 
air,  and  thereby  act  injuriously  upon  the  respiratory  organs.  The  ciliated 
epithelium  of  the  respiratory  passages  eliminates  a  large  number  of  them. 
Some  of  them,  however,  reach  the  air-vesicles  of  the  lung,  where  they  pene- 
trate the  epithelium,  reach  the  interstitial  lung-tissue  and  lymphatics,  and  so 
pass  with  the  lymph-stream  into  the  bronchial  glands.     Particles  of  coai  or 
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charcoul  are  found  in  the  lungs  of  all  elderly  individuals,  and  blacken  the 
alveoli.  In  moderate  amount,  these  black  particles  do  not  seem  to  do  any 
harm  in  the  tissues,  but  when  there  are  large  accumulations  they  give  rise  to 
lung-affections,  which  lead  to  disintegration  of  these  organs.  [In  coal-miners, 
for  example,  the  lung-tissues  along  the  track  of  the  lymphatics  and  in  the 
bronchial  glands  are  quite  black,  constituting  ''coal-miners'  lung."]  The 
lymphatics  of  the  mediastinal  pleura  can  only  take  up  such  pigment  as  reaches 
them  from  the  pleural  cavities  (^Fleiner),  In  many  trades  various  particles 
occur  in  the  air;  miners,  grinders,  stone-masons,  file-makers,  weavers,  spin- 
ners, tobacco  manufacturers,  millers,  and  bakers  suffer  from  lung  affections 
caused  by  the  introduction  of  particles  of  various  kinds  inhaled  during  the  time 
they  are  at  work. 

Germs  and  Micro-organisms. — There  seems  no  doubt  that  the  seeds  of 
some  contagious  diseases  may  be  inhaled.  Diphtheritic  bacteria  (Bacillus 
diphtheriae)  become  localized  in  the  pharynx  and  in  the  larynx — glanders  in  the 
nose — measles  in  the  bronchi — whooping-cough  in  the  bronchi — hay-monads 
in  the  nose — the  Bacillus  pneumoniae  of  pneumonia  in  the  pulmonary  alveoli. 
Tuberculosis,  according  to  R.  Koch,  is  due  to  the  introduction  and  develop- 
ment of  the  Bacillus  tuberculosis  in  the  lungs,  the  bacillus  being  derived  from  the 
dust  of  tuberculous  sputa.  The  same  seems  to  be  the  case  with  the  Bacillus  of 
leprosy  and  with  Bacillus  malariae,  which  is  the  cause  of  malaria.  The  latter 
organism,  Plasmodium  malarias,  is  endowed  with  amoeboid  movements,  and  thus 
passes  from  the  respiratory  organs  into  the  blood,  and  changes  the  Hb  within 
the  red  blood-corpuscles  into  melanin  (§  10,  3),  and  causes  them  to  break  up 
{Marchiqfava  and  Celli),  The  Micrococcus  vaccinae  of  smallpox  gains  access 
to  the  blood  in  the  same  way,  also  the  Spirillum  of  remittent  fever  (fig.  32), 
the  microbe  of  scarlet  fever,  etc. 

Seeds  of  disease  passing  into  the  mouth  alon^  with  air,  and  also  with  the 
food,  are  swallowed,  and  undergo  development  m  the  intestinal  tract,  as  is 
probably  the  case  in  cholera  (Comma  bacillus  of  R.  KocK)^  dysentery,  typhoid, 
and  anthrax,  the  last  of  which  is  due  to  Bacterium  anthracis. 

137.  VENTILATION  OF  ROOMS.— Fresh  air  is  as  necessary  for     l 
the   healthy  as   for  the  sick.     Every  healthy  person   ought  to  have  a  cubic    f 
space  of  at  the  very  least  800  cubic  feet,  and  every  sick  person  at  the  very 
least  1000  cubic  feet  of  space.     [The  cubic  space  allowed  per  individual     \ 
varies  greatly,  but  1000  cubic  feet  is  a  fair  average.     If  the  air  in  this  space  is    / 
to  be  kept  sweet,  so  that  the  CO,  does  not  exceed  .06  per  cent.,  3000  cubic  feet   / 
of  air  per  hour  must  be  supplied,  /.  /.,  the  air  in  the  space  must  be  renewed  three 
times  per  hour.]  \ 

[Floor- Space. — It  is  equally  important  to  secure  sufEcient  floor-space,  and  this  is  ^especially    ^ 
the  case  in  hospitals.     If  possible,  100-120  square  feet  of  floor-space  ought  to  be  provided  for 
•each  patient  in  a  hospital-ward,  and  if  it  is  obtainable  a  cubic  space  of  1500  cubic  feet  ^Parkes). 
In  all  cases  the  minimum  floor-space  should  not  be  less  than  ^  of  the  cubic  space.] 

Overcrowding. — When  there  is  overcrowding  in  a  room,  the  amount  of  CO,  increases.  V. 
Pettenkofer  found  the  normal  amount  of  CO,  (.04  to  .05  per  1 000)  increased  in  comfortable 
rooms  to  0.54-0.7  per  1000 ;  in  badly  ventilated  sick -chambers  =  2.4 ;  in  overcrowded  audi- 
toriums, 3.2 ;  in  pits  =s  4.9  ;  in  schoolrooms,  7.2  per  looa  Although  it  is  not  the  quantity  of 
CO.  wUch  makes  the  air  of  an^overcrowded  room  injurious,  but  the  excretions  from  the  outer 
ana  inner  surfaces  of  the  body,  which  give  a  distinct  odor  to  the  air,  quite  recognizable  by  the 
tense  of  smell,  still  the  amount  of  CO,  is  taken  as  an  index  of  the  presence  and  amount  of  these 
•other  deleterious  substances.  Whether  or  not  the  ventilation  of  a  room  or  ward  occupied  by 
persons  is  sa£Scient,  is  ascertained  by  estimating  the  amount  of  CO,.  A  room  which  does  not 
give  a  disagreeable,  somewhat  stuffy,  odor  has  less  than  0.7  per  1000  of  CO,,  while  the  ventila* 
tioo  is  certainly  insufficient  if  the  OO,  =  I  per'iooo.  As  the  air  contains  only  0.0005  cubic 
metre  CO,  in  i  cubic  metre  of  air,  and  as  an  adult  produces  hourly  0.0226  cubic  metre  CO., 
calculation  shows  that>very  person  requires  1 13  cubic  metres  of  fresh  air  per  hour,  if  the  CO,  is 
not  to  exceed  0.7  per  1000 :  for  0.7  :  looo  =  (0.0226  -f-  jr  X  0.0005)  :  x,  i.  ^.,  x  =  1 13. 
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[Vitiating  Products. — In  a  state  of  repose,  an  adult  man  ^pves  off  from  12  to  16  cubic  feet 
ofCO,  in  twenty-four  hours,  or  on  an  average  .6  cubic  feet  per  hour.  To  this  must  be  added  a 
certain  quantity  of  organic  matter,  which  is  extremely  deleterious  to  health.  While  the  CO, 
diffuses  readily  and  is  easily  disposed  of  by  opening  the  windows,  this  is  not  the  case  with  the 
organic  matter,  which  adheres  to  clothing,  curtains,  and  furniture ;  hence  to  get  rid  of  it,  a 
room,  and  especially  a  sleeping  apartment,  requires  to  be  well  aired  for  a  long  time,  together 
with  the  free  admission  of  sunlight.  We  must  also  remember  that  an  adult  gives  off  from  25 
to  40  oz.  of  water  by  the  skin  and  lungs.  The  nature  of  the  organic  matters  is  not  precisely 
known,  but  some  of  it  is  particulate,  consisting  of  epithelium,  fatty  matters,  and  organic 
vapors  from  the  lungs  and  mouth.  It  blackens  sulphuric  acid,  and  decolorizes  a  weak  solu- 
tion of  potassic  permanganate.  As  a  test,  if  we  expu%  through  distilled  water,  and  this  water 
be  set  aside  for  some  time  in  a  warm  place,  it  will  soon  become  foetid.  We  must  also  take  into 
consideration  the  products  of  combustion;  thus  i  cubic  foot  of  coal-gas,  when  burned,  destroys 
all  the  O  in  8  cubic  feet  of  air  (Parkas). "] 

Methods. — In  ordinary  rooms,  where  every  person  is  allowed  the  necessary  cubic  space  (1000 
cubic  feet),  the  air  is  sufficiently  renewed  by  means  of  the  pores  in  the  walls  of  the  room,  by  the 
opening  and  shutting  of  doors,  and  by  the  fireplace,  provided  the  damper  is  kept  open.  It  is 
most  important  to  notice  that  the  natural  ventilation  be  not  interfered  with  by  dampness  of  the 
walls,  for  this  influences  the  pores  very  greatly.  At  the  same  time,  damp  walls  are  injurious  to 
health  by  conducting  away  heat,  and  in  them  the  germs  of  infectious  diseases  may  develop. 

[Natural  Ventilation. — By  this  term  is  meant  the  ventilation  brought  about  by  the  ordinary 
forces  acting  in  nature ;  such  as  diffusion  of  gases,  the  action  of  winds,  and  the  movements 
excited  owing  to  the  different  densities  of  air  at  unequal  temperatures.] 

[Artificial  Ventilation. — ^Various  methods  are  in  use  for  ventilating  public  buildings  and 
dwelling-houses.  Two  principles  are  adopted  for  the  former,  viz.,  extraction  and  propulsion  of 
air.  In  the  former  method,  the  air  is  sucked  out  of  the  rooms  by  a  fan  or  other  apparatus, 
while  in  the  latter,  air  is  forced  into  the  rooms,  the  air  being  previously  heated  to  the  necessary 
temp>erature.] 

[Tobin's  Tubes,  placed  in  the  walls,  furnish  a  very  convenient  method  of  introducing  air 
into  a  room.  The  air  enters  through  these  tubes  from  the  outside  near  the  floor,  and  is  carried  up 
six  or  more  feet,  to  an  opening  in  the  wall ;  the  cool  air  thus  descends  slowly.  For  a  sitting- 
room,  a  convenient  plan  of  window  ventilation  is  H.  Bird's  Method : — Raise  the  lower  sa^ 
and  place  under  it,  so  as  to  fill  up  the  opening,  a  piece  of  wood  3  or  4  inches  high.  Air  will 
then  pass  in,  in  an  upward  direction,  between  the  upper  part  of  the  lower  sash-frame  and  the 
lower  part  of  the  upper  one.] 

138.  FORMATION  OF  MUCUS,  SPUTUM.— The  respiratory 
mucous  membrane  is  covered  normally  with  a  thin  layer  of  mucus  (fig.  147,  a). 
It  so  far  inhibits  the  formation  of  new  mucus  by  protecting  the  mucous  glands 
from  the  action  of  cold  or  other  irritative  agents.  New  mucus  is  secreted  as 
that  already  formed  is  removed.  An  increased  secretion  accompanies  conges- 
tion of  the  respiratory  mucous  membrane  [or  any  local  irritation].  Division  of 
the  nerves  on  one  side  of  the  trachea  (cat)  causes  redness  of  the  tracheal  mucous 
membrane  and  increased  secretion  (Rossbach),  [but  the  two  processes  do  not 
stand  in  the  relation  of  cause  and  eflfect].  The  secretion  cannot  be  excited  by 
stimulating  the  nerves  going  to  the  mucous  membrane.  [This  merely  causes 
anaemia  of  the  mucous  membrane,  while  the  secretion  continues.] 

Modifying  Conditions. — If  ice  be  placed  on  the  belly  of  an  animal  so  as  to  cause  the  animal 
**  to  take  a  cold^  **  the  respiratory  mucous  membrane  first  becomes  pale,  and  afterwards  there  is  a 
copious  mucous  secretion,  the  membrane  becoming  deeply  congested.  The  injection  of  sodium 
carbonate  and  ammonium  chloride  into  the  blood  limits  the  secretion.  The  local  application 
of  alum,  silver  nitrate,  or  tannic  acid,  makes  the  mucous  membrane  turbid,  and  the  epithelium 
is  shed.  The  secretion  is  excited  by  apomorphin,  emetin,  pilocarpin,  and  ipecacuanha  when 
giyen  internally,  while  it  is  limited  by  atropin  and  morphia  [AossiacA). 

[Expectorants  favor  the  removal  of  the  secretions  from  the  air-passages.  This  they  may  do 
either  by  (a)  altering  the  character  and  qualities  of  the  secretion  itself,  or  (6)  by  affecting  the 
expulsive  mechanism.  Some  of  the  drugs  already  mentioned  are  examples  of  the  first  clae. 
The  second  class  act  chiefly  by  influencing  the  respiratory  centre,  e.  ^.,  ipecacuanha,  strjrchnia, 
ammonia,  senega ;  emetics  also  act  energetically  as  expectorants,  as  in  some  cases  of  chrooic 
bronchitis ;  warmth  and  moisture  in  the  air  are  also  powerful  adjuncts.] 

Sputum. — Under  normal  circumstances,  some  mucus — mixed  with  a  little 
saliva — may  be  coughed  up  from  the  back  of  the  throat.     In  catarrhal  con- 
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ditions  of  the  respiratory  mucous  membrane,  the  sputum  is  greatly  increased  in 
amount,  and  is  often  mixed  with  other  characteristic  prodacis.  Microscopic- 
ally, sputum  contains — 

1.  Epithelial  Cells,  chiefly  squames  from  the  mouth  and  pharynx  (fig. 
171),  more  rarely  alveolar  epithelium  and  ciliated  epithelium  ^7)  from  the 
respiratory  passages.  They  are  often  altered  owing  to  maceration  or  other 
changes.     Thus  some  cells  may  have  lost  their  cilia  (6). 

Tbe  epithelium  of  the  alTeoli  (i)  it  xiuamous  e[U(he1ium,  the  cells  being  two  10  four  times 
Ibc  breadth  of  ■  colorleat  blood  .corpuscle.  These  cells  occur  chiefly  in  the  moming  sputum 
in  iodinduals  over  30  years  of  age.  In  younger  penons  iheii  presence  indicates  a  patholt^iul 
condilioii  of  the  pulnKmary  parenchyma, 

Tbey  oftoi  nndergo  fatty  de^neration,  and  they  may  contain  pgrnent-graDnles  (3} ;  or  ihey 


Fig.  171. 
Varions  objects  found  in  sputuni.  i,  detritus  and  particles  of  dust ;  a,  alveolar  epithelium 
with  pigment;  3,  falty  and  pgmented  al*eol>r  etHtheiium;  4,  alveolar  epithebam  with 
myelin  -  (orma  ;  5,  free  myeliu-fonDs;  6, 7, ciliated  epithelium. some  without  cilia;  8,  sqaam. 
DOS  epilhelimn  from  the  moDtb  ;  9,  leucocytes;  lo,  elastic  fibres;  11,  libiin-cast  of  a  amalt 
broDchns;  12,  leptothrix  bucoli*  with  cocci,  bacteria,  and  spirochaetx ;  a,  filly  acid  crys- 
tals and  Irec  fatty  grauales  ;  i,  hiematoidin ;  c,  Charcot's  crystals ;  d,  cholesterin. 

may  present  the  appearance  of  what  Buhl  has  called  "  mytlin  dtgtnrrated  ctlls"  i.  /..cells  filled 
wiih  dear  refractive  drops  of  various  siics,  some  colorless,  others  with  colored  panicles,  the 
latter  havii^  been  absorbed  (4).     Mucin  in  the  form  of  myelin  drops  (5)  is  always  present   in 

1.  Liymphoid  cells  (9)  are  colorless  blood -corpuscles  which  have  wandered 
out  of  the  blood-vessels ;  they  are  most  numerous  in  yellow  sputum,  and  less 
numerous  in  the  clear  mucus-like  excretion.  The  lymph-cells  often  present 
alterations  in  their  characters  ;  they  may  be  shrivelled  up,  fatty,  or  present  a 
granular  appearance. 

The  Suid  substance  of  the  sputum  contains  much  mucus,  arising  from 
the  mucous  glands  and  goblet  cells,  together  with  nuclein,  and  lecithin,  and 
the  constituents  of  saliva,  according  to  the  amount  of  the  latter  mixed  with  the 
secretion.     Albvmin  occurs  only  during  the  inflammation  of  the  respiratory 
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passages,  and  its  amount  increases  with  the  degree  of  inflammation.     Urea  has 
been  found  in  cases  of  nephritis. 

In  cases  of  catarrh,  the  sputum  is  at  first  usually  sticky  and  clear  (sputa  cruda),  but  later  it 
becomes  more  Brm  and  yellow  (sputa  cocta).  Under  pathological  conditions,  there  may  be  ibimd 
in  the  sputum — (a)  red  blood-corpuscles  from  rupture  of  a  blood-vessel,  {d)  Elastic  fibres 
{10)  from  disintegration  of  the  alveoli  of  the  lung ;  usually  the  bundles  are  fine,  curved,  and  the 
fibres  branched.  [In  certain  cases  it  is  well  to  add  a  solution  of  caustic  potash,  which  dissolves 
most  of  the  other  elements,  leaving  the  elastic  fibres  untouched.]  Their  presence  always  indi- 
cates destruction  of  the  lung  tissue.  (c\  Colorless  plugs  of  fibrin  (11),  casts  of  the  smaller  or 
larger  bronchi  occur  in  some  cases  of  fiorinous  exudation  into  the  finer  air-passages.  (</  )  Crys- 
tals of  various  kinds — crystals  oi fatty  acids  in  bundles  of  fine  needles  (fig.  171,  <?).  Tfaiey  indi- 
cate great  decomposition  of  the  stagnant  secretion.  Leucin  and  tyrosin  crystals  are  rare  ({  269). 
Tyrosin  occurs  in  considerable  amount  when  an  old  abscess  breaks  into  the  lungs.  Cdlorlos, 
-sharp-pointed,  octagonal  or  rhombic  plates — Charcot's  crjrstals  {c) — have  been  found  in  the 
expectoration  in  asthma,  and  exudative  affections  of  the  bronchi.  H«matoidin  (b)  and  cbo- 
lesterin  crystals  (</)  occur  much  more  rarely. 

Fungi  and  other  lowly  organisms  are  taken  in  during  inspiration  (J  136V  The  threads  of 
Leptothrix  buccalis  (12),  detached  from  the  teeth,  are  frequently  found  (|  147).  Mycelium  and 
spores  are  found  in  thrush  (Oidium  albicans^,  especially  in  the  mouths  of  sucking  infiints.  In 
inalodorous  expectoration  rod-shaped  bactena  are  present.  In  pulmonary  gangrene  are  foood 
monads,  and  cercomonads ;  in  pulmonary  phthisis  the  tubercle  bacillus ;  very  rarely  sardna, 
which,  however,  is  often  found  in  gastric  catarrh  in  the  stomach  and  also  in  the  urine  ({  270). 

Physical  Characters. — Sputum,  with  reference  to  its  ph3rsical  characters,  is  described  as 
mucous y  muco-purulent^  ox  purulent. 

Abnormal  coloration  of  the  sputum — red  from  blood ;  when  the  blood  remains  long  in  the 
lung  it  tmdergoes  a  regular  series  of  changes,  and  tinges  the  sputum  dark-red,  bluish-brown, 
brownish-yellow,  a  prune-juice  tint,  deep  yellow,  yellowish-green,  or  grass-green.  The  sputum 
is  sometimes  yellow  in  jaundice.  The  sputum  may  be  tinged  by  what  is  in^ired  [as  in  the  case 
of  the  *' black-spit ''  of  miners]. 

The  odor  of^  the  sputum  is  more  or  less  unpleasant.  It  becomes  very  disagreeable  when  it 
has  remained  long  in  pathological  lung-cavities,  and  it  is  stinking  in  gangrene  of  the  lung. 

139.  ACTION  OF  THE  ATMOSPHERIC  PRESSURE.— At  the 

normal  pressure  of  the  atmosphere  (height  of  the  barometer,  760  millimetres 
Hg),  pressure  is  exerted  upon  the  entire  surface  of  the  body  =  15,000  to  20,000 
kilos. ,  according  to  the  extent  of  the  superficial  area.     This  pressure  acts  equally 
on  all  sides  upon  the  body,  and  also  occurs  in  all  internal  cavities  containing  air, 
both  those  that  are  constantly  filled  with  air  (the  respiratory  passages  and  the 
spaces  in  the  superior  maxillary,  frontal,  and  ethmoid  bones),  and  those  that 
are  temporarily  in  direct  communication  with  the  outer  air  (the  digestive  tract 
and  tympanum).     As  the  fluids  of  the  body  (blood,  lymph,  secretions,  paren- 
chymatous juices)  are  practically  incompressible,  their  volume  remains  unchanged 
under  the  pressure ;  but  they  absorb  gases  from  the  air  corresponding  to  the 
prevailing  pressure  (/.  ^.,  the  partial  pressure  of  the  individual  gases),  and  ac- 
cording to  their  temperature  (§  33).     The  solids  consist  of  elementary  parts 
(cells  and  fibres),  each  of  which  presents  only  a  microscopic  surface  to  the 
pressure,  so  that  for  each  cell  the  prevailing  pressure  of  the  air  can  only  be  cal- 
culated at  a  few  millimetres — a  pressure  under  which  the  most  delicate  histo- 
logical tissues  undergo  development.     As  an  example  of  the  action  of  the 
pressure  of  the  atmospheric  pressure  upon  large  masses,  take  that  brought  about 
by  the  adhesion  of  the  smooth,  sticky,  moist,  articular  surfaces  of  the  shoulder 
and  hip-joints ;  the  arm  and  the  leg  are  supported  without  the  action  of  the 
muscles.     The  thigh-bone  remains  in  its  socket  after  section  of  all  the  muscles 
and  its  capsule.     Even  when  the  cotyloid  cavity  is  perforated,  the  head  of  the 
femur  does  not  fall  out  of  its  socket.     The  ordinary  barometric  variations  affect 
the  respiration — ^a  rise  of  the  barometric  pressure  excites,  while  a  fall  diminishes 
the  respirations.     The  absolute  amount  of  CO,  remains  the  same  (§  127,  8). 

Great  diminution  of  the  atmospheric  pressure,  such  as  occurs  in  bal- 
looning (highest  ascent,  8600  metres),  or  in  ascending  mountains,  catises  a 
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series  of  chanu:teristic  phenomena:  (i)  In  consequence  of  the  diminution  of 
the  pressure  upon  the  parts  directly  in  contact  with  the  air,  they  become  greatly 
congested,  hence  there  is  redness  and  swelling  of  the  skin  and  free  mucous 
membranes;  there  may  be  hemorrhage  from  the  nose,  lungs,  gums ;  turgid ity 
of  the  cutaneous  veins ;  copious  secretion  of  sweat ;  great  secretion  of  mucus. 
(2)  A  feeling  of  weight  in  the  limbs,  a  pressing  outwards  of  the  tympanic  mem- 
brane (until  the  tension  is  equilibrated  by  opening  the  Eustachian  tube),  and 
as  a  consequence  noises  in  the  ears  and  difficulty  of  hearing.  (3)  In  conse- 
quence of  the  diminished  tension  of  O  in  the  air  (§  129),  there  is  difficulty  of 
breathing,  pain  in  the  chest,  whereby  the  respirations  (and  pulse)  become  more 
rapid,  deeper,  and  irregular.  When  the  atmospheric  pressure  is  diminished  ^- 
}if  the  amount  of  O  in  the  blood  is  diminished,  the  CO,  is  imperfectly  removed 
from  the  blood,  and  in  consequence  there  is  diminished  oxidation  within  the 
body.  When  the  atmospheric  pressure  is  diminished  to  one-half,  the  amount  of 
CO,  in  arterial  blood  is  lessened ;  and  the  amount  of  N  diminbhes  proportion- 
ally with  the  decrease  of  the  atmospheric  pressure.  The  diminished  tension  of 
the  air  prevents  the  vibrations  of  the  vocal  cords  from  occurring  so  forcibly, 
and  hence  the  voice  is  feeble.  (5)  In  consequence  of  the  amount  of  blood  in 
the  skin,  the  internal  organs  are  relatively  anaemic  ;  hence,  there  is  diminished 
secretion  of  urine,  muscular  weakness,  disturbances  of  digestion,  dulness  of  the 
senses,  and  it  may  be  unconsciousness,  and  all  these  phenomena  are  intensified 
by  the  conditions  mentioned  under  (3).  Some  of  these  phenomena  are  modi- 
fied by  usage.  The  highest  limit  at  which  a  man  may  still  retain  his  senses  is 
placed  by  Tissandier  at  an  elevation  of  8000  metres  (280  mm.  Hg).  In  dogs 
the  blood-pressure  falls,  and  the  pulse  becomes  small  and  diminished  in  fre- 
quency, when  the  atmospheric  pressure  falls  to  200  mm.  Hg. 

Those  who  lire  upon  high  mountsuns  sufTer  from  a  disease,  **  mal  de  montagne/'  which  con- 
sists enentially  in  the  above  sympytoms,  although  it  is  sometimes  complicated  with  anaemia  of  the 
internal  organs.  Al.  ▼.  Hnmboldt  found  that  in  those  who  lived  on  the  Andes  the  thorax  was 
captions.  At  6000  to  Sooo  feet  above  sea-level,  water  contains  only  one-third  of  the  absorbed 
gases,  so  that  fishes  cannot  live  in  iL  Animals  may  be  subjected  to  a  further  diminution  of  the 
atmospheric  pressure  by  being  placed  under  the  receiver  of  an  air-pump.  Birds  die  when  the 
prcasure  is  reduced  to  120  mm.  Hg ;  manmials  at  40  mm.  Hg;  frogs  endure  repeated  evacua- 
tions of  the  receiver,  whereby  they  are  much  distended,  owing  to'the  escape  of  gases  and  water, 
bvt  after  the  entrance  of  air  they  become  greatly  compressed.  The  cause  of  death  in  mammals 
is  ascribed  by  Hoppe-Seyler  to  the  evolution  of  bubbles  of  gas  in  the  blood ;  these  bubbles  stop 
up  the  capillaries,  and  the  circulation  is  arrested.  Local  diminution  of  the  atmospheric  pressure 
marked  congestion  and  swelling  of  the  part,  as  occurs  when  the  cupping-glass  is  used. 


Great  increase  of  the  atmospheric  pressure  causes  phenomena,  for 
the  most  part,  the  reverse  of  the  foregoing,  as  in  pneumatic  cabinets  and  in 
diving-bells,  where  men  may  work  even  under  4^  atmospheres  pressure,  (i) 
Paleness  and  dryness  of  the  external  surfaces,  collapse  of  the  cutaneous  veins, 
diminution  of  perspiration,  and  mucous  secretions.  (2)  The  tympanic  mem- 
brane is  pressed  inwards  (until  the  air  escapes  through  the  Eustachian  tube, 
after  causing  a  sharp  sound),  acute  sounds  are  heard,  pain  in  the  ears,  and 
difficulty  of  hearing.  (3)  A  feeling  of  lightness  and  freshness  during  respira- 
tion, the  respiration  becomes  slower  (by  2-4  per  minute),  inspiration  easier  and 
shorter,  expiration  lengthened,  the  pause  distinct.  The  capacity  of  the  lungs 
increases,  owing  to  the  freer  movement  of  the  diaphragm,  in  consequence  of 
the  diminution  of  the  intestinal  gases.  Owing  to  the  more  rapid  oxidations  in 
the  body,  muscular  movement  is  easier  and  more  active.  The  O  absorbed  and 
the  CO,  excreted  are  increased.  The  venous  blood  is  reddened.  (4)  Difficulty 
of  speaking,  alteration  of  the  tone  of  the  voice,  inability  to  whistle.  (5) 
Increase  of  the  urinary  secretion,  more  muscular  energy,  more  rapid  meta- 
bolism, increased  appetite,  subjective  feeling  of  warmth,  pulse  beats  slower,  and 
16 
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pulse-curve  is  lower  (compare  §  74).  In  animals  subjected  to  excessively  high 
atmospheric  pressure,  P.  Bert  found  that  the  arterial  blood  contained  30  vols, 
per  cent.  O  (at  760  mm.  Hg) ;  when  the  amount  rose  to  35  vols,  per  cent., 
death  occurred  with  convulsions.  Compressed  air  has  been  used  for  therapeu- 
tical purposes,  but  in  doing  so  a  too  rapid  increase  of  the  pressure  is  to  be 
avoided.  Waldenburg  has  constructe<^  such  an  apparatus,  which  may  be  used 
for  the  respiration  of  air  under  a  greater  or  less  pressure. 

Frogs,  when  placed  in  compressed  O  (at  14  atmospheres)  exhibit  the  same  phenomena  as  if 
they  were  in  a  vacuum,  or  pure  N.  There  is  paralysis  of  the  central  nervous  system,  sometimes 
preceded  by  convubions.  The  heart  ceases  to  beat  (not  the  lymph  hearts),  while  the  excita- 
bility of  the  motor  nerves  is  lost  at  the  same  time,  and  lastly  the  direct  muscular  excitability 
disapp>ears.  An  excised  frog's  heart  placed  in  O  under  a  very  high  pressure  (13  atmospheres) 
scarcely  beats  one  fourth  of  the  time  during  which  it  pulsates  in  air.  If  the  heart  be  exposed 
to  the  air  again  it  begins  to  beat  so  that  compressed  O  renders  the  vitality  of  the  heart  latent 
before  abolishing  it. 

Phosphorus  retains  its  luminosity  under  a  high  pressure  in  O,  but  this  is  not  the  case  with  the 
luminous  organisms,  e.g,^  Lampyris,  and  luminous  bacteria.  High  atmospheric  pressure  is  also 
injurious  to  plants. 

140.  COMPARATIVE  AND  HISTORICAL.— Mammals  have  lungs  similar  to 
those  of  man.  The  lungs  of  birds  are  spongy,  and  united  to  the  chest- wall,  while  there  are 
openings  on  their  surface  conununicating  with  thin-walled  '*  air-sacs,"  which  are  placed 
amongst  the  viscera.  The  air-sacs  communicate  with  cavities  in  the  bones,  which  give  the  latter 
great  lightness.  The  diaphragm  is  absent.  In  reptiles  the  lungs  are  divided  into  greater  and 
smaller  compartments ;  in  snakes  one  lung  is  abortive,  while  the  dther  has  the  elongated  form  of 
the  body.  The  amphibians  (frog)  possess  two  simple  lungs,  each  of  which  represents  an 
enormous  infiindibulum  with  its  alveoU.  The  frog  pumps  air  into  its  lungs  by  the  contraction  of 
its  throat,  the  nostrils  being  closed  and  the  glottis  opened.  When  young — until  their  metamorphosis 
— frogs  breathe  like  fishes  by  means  of  gills.  The  perennibranchiate  amphibians  (Proteus) 
retain  their  gills  throughout  life.  Amongst  fishes  which  breathe  by  gills  and  use  O  absorbed  by 
the  water,  the  Dipnoi  have  in  addition  to  gills  a  swim-bladder  provided  with  afferent  and  efferent 
vesseb,  which  is  comparable  to  the  lung.  The  Cobitis  respires  also  with  its  intestine.  Insects 
and  centipedes  respire  by  "  trachese,"  which  are  branched  canals  distributed  throughout  the 
body;  they  open  on  the  surface  of  the  body  by  openings  (stigmata)  which  can  be  closed. 
Spiders  respire  by  means  of  tracheae  and  tracheal  sacs,  cral^  by  gills.  The  molluscs  and  cepha- 
lopods  have  gills ;  some  gasteropods  have  gills  and  others  lungs.  Amongst  the  lower  inverte- 
brata  some  breathe  by  gills,  others  by  means  of  a  special  **  water-vascular  system,"  and  others 
again  by  no  special  organs. 

Historical. — Aristotle  (384  b.  c.)  regarded  the  object  of  respiration  to  be  the  cooling  of  the 
body,  so  as  to  moderate  the  internal  warmth.     He  observed  correctly  that  the  warmest  animals 
breathe  most  actively,  but  in  interpreting  the  fact  he   reversed  the  cause  and  effect.     Galen 
(131-203  A. D.)  thought  that  the  *<soot"  was  removed  from  the  body  along  with  the  expired 
water.     The  most  important  experiments  on  the  mechanics  of  respiration  date  from  Galen ;    he 
observed  that  the  lungs  passively  follow  the  movements  of  the  chest ;  that  the  diaphragm  is  the 
most  important  muscle  of  inspiration ;  that  the  external  intercostals  are  inspiratory ;  and  the 
internal,  expiratory.     He  divided  the  intercostal  nerves  and  muscles,  and  observed  that  loss  of 
voice  occurred.     On  dividing  the  spinal  cord  higher  and  higher,  he  found  that  as  he  did  so  the 
muscles  of  the  thorax  lying  higher  up  became  paralyzed.    Oribasius  (360  A.D.)  observed  that 
in  double  pneumothorax  both  lungs  collapsed.    Vesalius  (1540)  first  described  artificial  respira- 
tion as  a  means  of  restoring  the  beat  of  the  heart.    Malpighi  (1661)  described  the  structure  of 
the  lungs.    J.  A.  Borelli  (f  1679)  gave  the  first  fundamental  descnption  of  the  mechanism  of 
the  respiratory  movements.     The  chemical  processes  of  respiration  could  only  be  known  after 
the  discovery  of  the  individual  gases  therein  concerned.    Van  Helmont  (f  1644)  detected  CO^ 

{Joseph  Black  (1757)  discovered  that  CO,,  or  <* fixed  air,"  is  given  out  during  expiration.] 
n  1774  Priestley  discovered  O.  Lavoisier  detected  N  (1775),  and  ascertained  the  composition 
of  atmospheric  air,  and  he  regarded  the  formation  of  CO,  and  H,0  of  the  breath  as  a  result  of  a 
combustion  within  the  lungs  themselves.  J.  Ingen-Houss  (1730-1799)  discovered  the  respiration 
of  plants.  Vc^el  and  others  proved  dte  existence  of  CO,  in  venous  blood,  and  HoflSrnann  ajiid 
others  that  of  0  in  arterial  blood.  The  more  complete  conception  of  the  exchange  of  gases  w^i«, 
however,  only  possible  after  Magnus  had  extracted  and  analyzed  the  gases  of  artorial  and  venous 
blood  (§  36). 


Physiology  of  Digestion. 


[The  substances  which  are  used  as  food — the  food -stuffs  or  alimentary 
principles  belong  to  several  different  groups  and  may  be  conveniently  classi- 
fied as— 

1.  Proteids  or  albuminous  bodies. 

2.  Carbohydrates. 

3.  Fats. 

4.  Mineral  or  saline  bodies,  and  water. 

Some  of  these  bodies  are  insoluble  in  water,  and  others  do  not  readily  pass 
through  animal  membranes  in  their  unaltered  condition.  As  the  food  is  carried 
along  the  alimentary  canal  it  is  subjected  to  the  action  of  certain  juices  which 
are  formed  by  the  secretory  activity  of  the  cells  lining  the  alimentary  canal  or 
by  the  glands  which  open  into  it.  These  juices  (saliva,  gastric  juice,  pancreatic 
juice,  bile,  and  the  secretions  of  the  small  and  large  intestine)  are  formed  in 
glands  (fig.  172),  are  poured  out  into  the  canal,  and  act  on  the  food-stuffs  by 
dissolving  some  of  them,  and  rendering  others  more  or  less  soluble  and  diffu- 
sible. The  digested  products  pass  into  the  blood,  either  directly  into  the 
rootlets  of  the  portal  vein  or  indirectly  by  the  lacteals.  The  small  undigested 
part  of  the  food  is  discharged  in  the  faeces.  The  digested  products  thus  finally 
reach  the  blood,  so  that  in  this  way  new  matter  is  brought  within  the  reach  of 
the  tissues.  Stated  broadly,  then,  the  process  of  digestion  consists  in  rendering 
food-stuffs  soluble  and  diffusible,  so  that  they  can  pass  into  the  blood.] 

X41.  THE  MOUTH  AND  ITS  GLANDS.— The  mucous  mem- 
brane  of  the  cavity  of  the  mouth,  which  becomes  continuous  with  the  skin  at 
the  red  margin  of  the  lips,  has  a  number  of  sebaceous  glands  in  the  region 
of  the  red  part  of  the  lip.  The  buccal  mucous  membrane  consists  of  bundles 
of  fine  fibrous  tissue  mixed  with  elastic  fibres,  which  traverse  it  in  every  direc- 
tion. Papillse — simple  or  compound— occur  near  the  free  surfaces.  The 
sub-mucous  tissue,  which  is  directly  continuous  with  the  fibrous  tissue  of 
the  mucous  membrane  itself,  is  thickest  where  the  mucous  membrane  is  thickest, 
and  densest  where  it  is  firmly  fixed  to  the  periosteum  of  the  bone  and  to  the 
gam  ;  it  is  thinnest  where  the  mucous  membrane  is  most  movable,  and  where 
there  are  most  folds.  The  cavity  of  the  mouth  is  lined  by  stratified  squa- 
mous epithelium,  which  is  thickest,  as  a  rule,  where  the  longest  papillae  occur. 
[The  mouth  is  formed  by  an  involution  of  the  external  skin,  and  its  epithelium 
IS  of  epiblastic  origin.] 

All  the  glands  otthe  mouth,  including  the  salivary  glands,  may  be 
dfrtded  into  different  classes  according  to  the  nature  of  their  secretions. 

1.  The  serous  or  albuminous  glands  [true  salivary],  whose  secretion 
contains  a  certain  amount  of  albumin,  e,  g.,  the  human  parotid.  [The  parotid 
of  the  cat,  dog,  rabbit,  sub-maxillary  of  the  rabbit  and  guinea-pig.] 

2.  The  mucous  glands,  whose  secretion,  in  addition  to  some  albumin,  con- 
tains the  characteristic  constituent  mucin.  [Sub-lingual  of  the  rabbit,  cat, 
dogy  and  sub-maxillary  of  the  dog  and  cat.] 
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5.  The  mixed  [or  muco-aalivary]  glands,  some  of  the  acini  secreting  an 
albuminous  fluid  and  others 
mucin,  e.g.,  the  sub-maxil- 

•^  lary  and  sub-lingual  of  man 
and  ape. 

Numerous  mucous 
glands  (labial,  buccal,  pal- 
atine, lingual,  molar)  luive 
the  appearance  of  small  ma- 
croscopic bodies  lying  in  the 
sub-mucosa.  They  are 
branched  tubular  glands 
and  the  contents  of  theii 
secretory  cells  consist  partly 
of  mucin,  which  is  expelled 
from  them  during  secretion. 
The  excretory  ducts  of  these 
glands,  which  are  lined  by 
cylindrical  epithelium,  are 
constricted  where  they  enter 
the    mouth.      Not     unfre- 

^*"''  quently  one  duct  receives 
the  secretion  of  a  neigh- 
boring gland. 

The  glands  of  the 
tongue  form  two  groups, 
which  differ  morpholt^* 
rally  and  physiologically. 
(1)  The  mucous  glands 
(Weber's  glands),  oc- 
curring chiefly  near  the  root 
of  the  tongue,  are  branched 
P  tubular  glands   lined    with 

„         ,     .  ,  .     ..    '^'  ...      ,,  r    ,     ,     clear  transparent    secretory 

General  scheme  of  tlie  digestive  tract,  with  the  chief  sruuidi   „„ii„  „i,„„„  „„„i„;  „.„  „i_,^j 

opeoing  into  i> ;  logethn  with  the  luletOi  firing  itU  the    "^^''^  ™°^  ""^'^J  ««  P"?*^ 

intestine  and  jsaaa^  the  thoracic  duct.  "car  the  attached  end  of  the 

cells.  The  acini  have  a 
distinct  membrana  propria.  (2)  The  serous  glands  (Ebner's)  are  acinous 
glands  occurring  in  the  region  of  the  circumvallate  papillae  (and  in  animals 
near  the  paptllx  foliates).  They  are  lined  with  turbid  granular  epithelium 
with  a  central  nucleus,  and  secrete  saliva.  (3)  The  glands  of  Blandin  and 
Nuhn  are  placed  near  the  tip  of  the  tongue,  and  consist  of  mucous  and 
serous  acini,  so  that  they  are  mixed  glands  (^Podwisottky). 

The  blood-vesaets  are  moderate]]'  abandani,  and  the  larger  trunks  lie  in  the  mb  macoaa, 
whilst  the  6ner  twigs  penetrate  into  the  papillx,  where  the]'  fonn  either  a  capillary  netwaric  or 
simple  loops. 

The  larger  lymphatica  lie  in  (he  sat>-muco*i,  whilM  the  finer  brancbes  fonn  a  liDe  dciwo^ 
placed  in  the  mucoea.  The  lytnph-falliclcB  also  belong  to  the  lymphatic  ^nem  (j  197).  On 
ihe  dorwm  of  ibc  posterior  pan  of  ibe  tongue  tbey  form  an  almost  conliauons  layer.  Thcj  are 
round  or  oval  (1--I.5  mm.  in  diameier),  lying  in  the  sub  mucosa,  and  consist  of  adenoid  tisuc 
loaded  with  lymph-corpuscles.  Tlie  outer  part  of  the  adenoid  reticulum  is  cotnpreaced  so  as  to 
form  a  Idnd  of  capsule  for  each  follicle.  Similar  follicles  occur  in  the  intestine  as  solitary 
follicles  1  in  the  small  intestine  Ibey  arc  collected  together  into  Peyer's  patches,  aikd  in  the  apleen 
they  occur  as  Mal[Hghian  corpuscles.  On  (he  doraum  of  the  tongue  several  of  these  fbllkries 
form  a  slightly  oval  elevation,  which  is  surrounded  by  connective- tissue.  In  the  centre  of  Ibis 
elevation  there  is  a  depression,  into  which  a  macous  gland  opens,  which  fills  the  small  crxer 
with  mucus  (fig.  173). 
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The  tonsils  have  fundamentally  the  same  structure.  On  their  surface  are  a 
number  of  depressions  into  which  the  ducts  of  small  raucous  glands  open. 
These  depressions  are  surrounded  by 

groups    (10-30)   of    lymph -follicles,  iiu„ 

and  the  whole  is  environed  by  a  cap- 
sule of  connective  tissue  ffig.  174). 
Large  lymph -spaces,  communicating 
with  lymphatics,  occur  in  the  neigh- 
borhood of  the  tonsils,  but  as  yet  a 
direct  connection  between  the  spaces  ^^ 
in  the  follicles  and  the  lymph-vessels 
has  not  been  proved  to  exist.  Sim- 
ilar structures  occur  in  the  tubal  and 
pharyngeal  tonsils.  [An  enor- 
mous number  of  leucocytes  irander 
out  of  the  tonsils,  solitary  and  Peyer's 
glands,  and  the  adenoid  tissue  of  the 
bronchial  mucous  membrane  (fig. 
174).      The  cells  pass  out  between 

the  epithelial  cells,  but  do  not  pass  •  ^"B-  '73- 

into  the  interior  of  the  latter  (iJ-^Ar).]     Section  of  a  mucoui  follicle  from  the  tot^e. 

[Development  of  the  Tonall. — The  development  of  the  palatal  loniil  Ji  moat  easily 
Kadted  in  the  rabtiil,  where  the  lingle  primary  ciypt  generally  Temaioi  without  braochei  through 
life,  and  there  the  toiuil  tint  appean  ia  emtnytn  ^  of  an  inch  loog  (occipito-iacral  meuure- 
mrnl),  or  of  about  11  days, 
as  a  ihallow  e^lhelial  fold 
whoie  ■«]<   points   directly 
backwards  iut 


denied  nxmd   the  phaiynx. 

At  tbi*  stage  there  ti  no  in- 

GltratiaD  ol  the  leucocytes  in 

the  connective -tissue  ronmi  aliuin 

tbe  crypt,  and  it  Is  not  nntil 

the  emlxyos  are  about    at 

days  old  (tfy  iticbes  long), 

ihM    tbe   leiKocyte  intilira- 

lion  becocaea  evident.    The 

ayp(  baa  then  txcome  nrach 

deeper  and  broader,  and  by  gica 

its  ingrowth  has  produced  a  V"*- 

coodeoaatioD  of  the  coonec- 

tivc-tissoes  Bi  right  angles  to 

the   origioal   periptuiyugeal 

coDdensatioD   as   well   as  a 

great  increase  in  the  number 

of    capillary   blood  ■  vessels. 

From  this  stage  ilie  elonga-  F^.  174. 

^"'    Vertical  section  of  a  human  loosil,  X  20.     i,  cavity;  »,  epithe- 
™  "'.""=  """"""e-        lium  infiltrated  with  leucocytes  below  and  on  the  left,  bat  free 
"*™^    fKl^""   '1°     ^        on  ihe  right;  3,  adenoid  tissue  with  sections /,,/,./„  of  maases 
nttmbcr  of  blood-vessels,  and  -.        *cl  l      l     -       „■        r        1     1  j  i      j  n     j 

■•■uAiw  ui    ™™    W-.   ,  of  II ;  4,  fibrous  sheath ;  S,  section  of  a  eUnd-duct ;  J,  blood- 

la  the  amoant  of  leucocyte        ,,j^| 
toGltration  go  on  /ati  passu, 

until  the  adoh  condition  is  reached.    As  soou  as  the  leucocytes  appear  in  number  in  the  submu- 
cooa  tixme  tbey  proceed  10  wander  Ihrm^b  the  epilhelium  as  StOnr  has  described. 

In  tbe  fiztns  of  the  pig  the  condensation  of  the  connective  tissue,  especially  at  the  apex  of  the 
totuillar  crypts,  and  the  consequent  massing  of  leucocytes,  mainly  at  these  points,  is  particularly 
well  shown. 

In  tbe  human  fcetus  (he  process  is  the  same,  though  complicated  by  the  early  ramification  of 
tbe  origioat  epithelial  crypt,  and  the  appearance  of  hcsh  ones.    The  ciypts  become  so  deep  that 
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the  cells  from  the  EBrfMe  Uyen  of  their  epithelium  caanot  at  once  be  thrown  off  into  the  niooth. 
■nd  remuD  as  a  concenlrically  arranged  masa  of  degenerated  coniified  cells  filling  up  ibe  Umni 
of  the  crypi ,-  ihLs  mass  is  ultimately  forced  out  by  the  vis  a  ttrgo  of  the  leucocytes  emigiitii^ 
through  iht  epithelium.  III  will  at  once  be  seco  bow  closely  this  resembles  the  fonnation  of  the 
concentric  coipuscles  of  the  thymus.  The  tonsils  are  preKrred  from  the  fate  of  the  epithelial 
thymus  by  retaining  iheir  lumen.) 

The  prime  factor  in  the  fonnation  of  the  tonuls  is  the  epithelial  ingiowlb,  which  partly  me- 
cbanically  compresses  the  meshes  of  the  connective* tissue,  and  partly  cauMs  proliferation  of  Ibe 
connective  cells  and  vessels  by  the  slight  irritation  it  produces,  thereby  making  it  easier  kx  iht 
leucocyles  to  escape  from  the  thin-walled  capillaries  and  veno-capillaries  so  farmed,  and,  wheB 
they  have  escaped,  causing  them  to  be  detained  in  the  finely-meshed  connective- tissue  laager 
than  in  other  situations.  As  tbe  leucocytes  are  well  sumilied  with  nutriment,  they  divide  by 
mitosis  here  in  large  numbers,  as  Flemming  and  his  pupils  Rnt  showed,  and  at  a  late  stage  in 
development  (with  great  variations  in  individuals]  "germ-centres"  are  formed,  where  a  spedsl 
arrangement  uf  connective- tissue  and  vessels  favors  this  process  of  diviuon. 

The  lingual  and  pbaryngetd  tonsils  develop  in  the  same  way  as  the  palatal.  His  shows  that 
all  tbe  tonsils  aiite  hehiiid  the  membrana  pharyugis,  and  consequmtly,  all  these  epithelial  in- 
Tubular  Eland).  Alveolar  glandi. 


Simple  [landi.  CamtKHUid  gland.  Simple  gbnli-  Compound  gland. 

Fig.  175- 
Scheme  of  difTerent  forms  of  gU&d ;  a,  duct. 

growths  pass  into  connective-tissoe  alreadv  condensed  round  the  primitive  alimentary  canal  {G. 
L.  Gidland.)-\ 

Nerves. — Numerous  meduUalid  nerve-fibres  occur  in  the  sub-mucosa,  pass  into  the  lanctsa, 
and  terminate  partly  in  the  individual  papilUe  in  Krause'i  end-bulbs,  which  are  most  abundant 
in  the  lips  and  soft  palate,  and  not  so  numetoas  in  the  cheeks  and  floor  of  the  month.  Tbe 
nerves  administer  not  only  to  common  sensation,  but  they  are  also  the  orgatis  of  transmission  for 
tactile  (heat  and  pressure)  impressions.  It  is  highly  probable,  however,  that  some  nerve^brts 
ettd  in  fine  terminal  fibrils,  between  the  epithelial  cells,  as  in  the  cornea  ami  elsewhere. 

[Secretory  glands  may  be  simple  or  compound.  In  the  latter  case 
the  duct  is  branched.  In  the  course  of  development,  a  solid  process  of  the 
epithelium  sinks  into  the  subjacent  fibrous  tissue,  and,  to  form  a  simple  gland,  a 
cavity  appears  in  this  bud,  but  for  a  compound  gland,  other  epithelial  buds 
sprout  from  its  blind  end.  Each  bud  acquires  a  central  cavity ;  these  elongate 
and  increase  in  number,  thus  forming  a  much -branched  system,  the  terminal 
blind  ends  forming  the  acini,  alveoli,  or  true  secretory  part.     If  the  alveoli 
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are  tabular  in  shape,  the  gland  is  called  a  compound  tubular  gland.  Thus  in 
the  compound  glands  some  parts  are  secretory,  and  othera  act  as  ducts,  while  in 
ihe  simple  glands  all  the  parts  maybe  secretory.  AH  the  glands  opening  on 
tlie  surface  of  the  body  are  of  epiblastic  origin.  The  secretory  cells  lining  the 
acini  rest  on  a  basement  membrane,  and  outside  this  are  the  lymph-spaces  and 
capillary  blood-vessels.] 

[Flemmipg  hu  Teccntlf  proposed  ■  nev  cluailicatioTi  of  glands.  Glands  arc  developed  from 
Ihc  epilbcliom  of  mucous  memlnvDe*.  and  that  of  tfae  akin.  Tbey  are  therefore  hollow  inflec- 
lioai  of  ihe  surface  epilbeliuin  into  Ihe  subjacent  connective-tissue,  and  may  be  either  ejliix- 
dnctl  tubes— tubuli — or  with  ditaiations  or  tacculalions,  alveoli — so  that  two  chief  kinds  are 
dslliiguishcd — tubular  and  alveolar  glanda  (lig.  175). 
I.  Tubular  glands  occur  either  singly,  oc  arranged  in  groups,  so  that  thejp  are  divided  into — 
I,  Simple  tabular  gUnda,  which  are  either  simple  or  branched  tuba  leading  to  a  duct 
(6g.  ijj).    The  latter  form  has  beeo  called  ■  "  duct-system." 

I.  Compound  tubular  glauds,  composed  of  a  number  of  "  duct-systems  "  (Eg.  175). 

II.  Alveolar  glanda  are  Hmilsrly  classified. 

I.  Simple  alveolar  glands,  wiib  either  a  simple  or  branched  dilatation  or  saccule  communi- 
ciliiig  iiithaduct;  the  loiter  is  called  an  "  alveolar  system." 


Fij.  176. 

A,  duct  and  acini  of  the  parotid  gland  of  a  dog ;  B,  acini  of  the  sub-maxillary  gland  of  a  dog; 
(,  refractive  muconi  cells;  </,  granular  half-moons  of  Giannui;  C,  similar  alveoli  after 
prolonged  secretion;  D,  basket-shaped  tissue  investment  of  an  acinus;  F,  entrance  of  a 
non-mednllated  nervc-libre  into  a  secretory  cell. 

3.  Compound  alveolar  glands,  which  consist  of  several  alveolar  systems. 

IMirartihiJ  liinfle  tubular  glandt  are  :  LiebetkUbn's  glands,  sweat-glands,  and  the  glands  of 
(be  fbndos  of  the  stomach. 

Brancktd  lubular  Hmpli glands  ti^\  the  pyloric,  Brunner's,  ihe  smallest  mucous  and  serous 
gUnds  of  the  mouth,  and  the  uterine  glands. 

Cemptund tubular  glands  arc:  the  larger  mucous,  and  salivary  and  lachrymal  glands.  Also 
ta  kidneys,  Cowper's  glands,  prostatic  glands,  thyroid  (at  an  early  stage),  liver,  and  testu. 
The  branches  of  the  latter  two  glands  anastomose  and  form  a  network;  hence  the  liver  and 
lewis  have  been  Called  "  reticular  glands." 

UnirantMeii  timp/r  alveolar  glands  are :    the  smallest   sebaceous  glands  and   the  ovarian 

follicles. 
Brandud ahitelar  limfilt glands  are:  the  larger  sebaceous  glands  and  the  MeitxHnian  glands. 
Ctmpaund  alvrolar  glandtait:  the  mammary  glands  and  the  lungs  (^/^mm/wf  aurf  5/o*r).] 

14a.  THE  SALIVARY  GLANDS.— There  are  three  pairs  of  saliv- 
ary glands,  sub-maxillary,  sub-lingual,  and  parotid.  [The  sub-maxil- 
lary gland  lies  under  the  horizonia!  ramus  of  the  lower  jaw,  and  its  duct  (50 
mm.  long) — the  duct  of  Wharton — opens  in  the  floor  of  the  mouth  at  the 
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side  of  the  rrasnura  of  the  tongue.     The  parotid,  the  largest  or  the  glands,  lin 

close  to  the  auricle,  and  its  duct — the  dtict  of   Steno — passes  over  the 

masseler  muscle,  perforates  the  buccinator  muscle  obliquely,  and  opens  into  the 

mouth  opposite  the  second  upper  molar  tooth.     The  sub-lingual  gland  is  the 

smallest  of  the  three,  lies  beneath  the  tonfiue,  and  has  a  number  of  small  ducts 

(ro-ao) — the  ducts  of  Rivini — some  of  which  open  separately,  but  one 

larger  one — the  duct  of  Bartholin— unites  with  Wharton's  duct.     All  these 

glands  are  compound  tubular  glands.]     [Each  gland  consists  of  a  number 

of  lobes,  and  each  lobe  m  turn  of  a  number  of  lobules,  which, 

again,  are  composed  of  acini.     All  these  are  held  together 

by  a  framework  of  connective-tissue.     The  larger  branches 

;   of  the  duct  lie  between  the  lobules,  and  constitute  the  in- 

i  terlobular  ducts,  giving  branches  to  each  lobule  which  thry 

'  enter,  constituting  the  intralobular  ducts,  which   braDch 

and  finally  terminate   in    connection  with   the  alveoli,  by 

means  of  an  intermediary  or  intercalary  part  or  due- 

Fia  177  tule.     The  larger  interlobar  and  interlobular  ducts  consist 

Rodded    epiihcliam   °^  f  membrana  proprU,  strengthened   outside  with  fibrom 

linine  the  dnct  of  '^^  elastic  tissues  and  in  some  places  also  by  non-striped 

■  aaliviiy  glnnd.      muscle,  while    the  ducts  are  lined  by  columnar  epithelial 

cells.     In  the    largest  branches   there    is  a  second    row  of 

smaller  cells,  lying  between  the  large  cells  and  the  membrana  propria.     The 

intralobular  ducts  are  lined  by  a  single  layer  of  large  cylindrical  epithelium 

with  the  nucleus  about  the  middle  of  the  cell,  while  the  outer  half  of  the  cell 

is  finely  striated  longitudinally,  or  "rodded,"  which  is  due  to  flbrillse  (fig. 


SecCioD  of  the  uib-mudllary  gland  of  tbe  dog  Mained  with  picro-cuminc ;  D,  duct. 

177)  ;  the  inner  half  next  the  lumen  is  granular.  The  intermediary  part 
is  narrow,  and  is  lined  by  a  single  layer  of  flattened  cells,  each  with  an  elonga- 
ted oval  nucleus.  There  is  usually  a  narrow  "  neck,"  where  the  intralobular 
duct  becomes  continuous  with  the  intermediary  part,  and  here  the  cells  are 
polyhedral.] 

The  terminal  acini,  or  alveoli,  are  the  parts  where  the  actual  process  of 
secretion  takes  place.  Fig.  176,  A,  shows  several  ducts  terminating  in  acini. 
The  acini  vary  somewhat  in  shape — some  are  tubular,  others  branched,  some 
are  dilated  and  resemble  a  Florence  flask,  and  several  of  them  usually  open  into 
one  intermediary  part  of  a  duct.  Each  alveolus  is  bounded  by  a  basement 
membrane,  with  a  reticulate  structure  made  up  of  nucleated,  branched,  and 
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anastomosing  cells  so  as  to  resemble  a  basket  (D).  There  is  a  homogeneous 
membrane  bounding  the  alveoli  in  addition  to  this  basket-shaped  structure. 
Immediately  outside  this  membrane  is  a  lymph-space,  and  outside  this  again  the 
network  of  capillaries  is  distributed,  [llie  extent  to  which  this  lyroph-space  is 
filled  with  lymph  determines  the  distance  of  ihe  capillaries  from  the  membrana 
propria.  The  interalveolar  lymph-spaces  communicate  with  large  lymph-spaces 
between  the  lobules,  which  in  turn  communicate  with  perivascular  lymphatics 
around  the  arteries  and  veins.}  The  lymphatics  emerge  from  the  gland  at  the 
hilam. 

The  secretory  cells  vary  in  structure,  according  as  the  salivary  gland  is 
a  niucous  [sub-maxillary  and  sub-lingual  of  the  dog  and  cat],  a  serous 
[parotid  of  man  and  mammals,  and  sub-maxillary  of  rabbit],  or  a  mixed  gland 
[human  sub-maxillary  and  sub- lingual]. 

Hucous  Acini.-^Tlie  .secretory  cells  of  mucous  glands,  and  the  mucous 
acini  of  mixed  glands  (figs.  178,  179)  are  lined  by  a  single  layer  of  "  mucin 
cells"  (fig.  176,  B,  c),  which  are  large  cells  distended  with  mucin,  or  with  a 
hypothetical  substance,  mucigen,  which  yields  mucin.     The  mucin  cells  are 
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more  or  less  spheroidal  in  shape,  clear,  shining,  highly  refractive,  and 
nearly  fill  the  acinus.  The  flattened  nucleus  is  near  the  wall  of  the  acinus. 
Each  cell  has  a  fine  process  which  overlaps  the  fixed  parts  of  the  cells  next  to 
it.  Owing  to  the  body  of  each  cell  being  infiltrated  with  mucin,  these  cells  do 
not  stain  with  carmine,  although  the  nucleus  and  its  immediately  investing 
protoplasm  do-  Another  kind  of  cell  occurs  in  the  sub-maxillary  gland  of  the 
dog.  It  forms  a  half- mo  on -shaped  stmclure  lying  in  direct  contact  with  the 
wallof  theaciDus(6'/iinuui)-  Each  "demilune,"  "half-moon,"  or"cres- 
cent"  consists  of  a  number  of  small,  closely  packed,  angular,  highly  albu- 
minoos  cells  with  small  oval  nuclei,  which,  however,  are  separated  only 
with  difficulty.  Hence,  Heidenhain  has  called  them  "  composite  marginal 
cells"  (B,  i/).  They  are  granular,  darker,  devoid  of  mucin,  and  stain  readily 
with  pigments.  [In  the  sub-maxillary  gland  of  the  cat,  there  is  a  complete  layer 
of  these  "  marginal"  carmine-staining  cells  lying  between  the  mucous  cells  and 
the  membrana  propria] 
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[Serous  Acini.  — In  true  serous  glands  (parotid  of  man  and  mammals)  and 
in  the  serous  acini  of  mixed  glands,  the  acini  are  lined  by  a  single  layer  of 
secretory  columnar  finely  granular  cells,  which  in  the  quiescent  condition 
completely  fill  the  acinus,  so  that  scarcely  any  lumen  is  left  (fig.  176,  C).  Just 
l>eforc  secretion,  or  when  these  cells  are  quiescent,  I^ngley  has  shown  that  ibey 
are  large  and  filled  with  numerous  granules,  which  obscure  the  presence  of  the 
nucleus.  As  secretion  takes  place,  these  granules  seem  to  be  used  up  or  dis- 
charged into  the  lumen ;  at  least,  the  outer  part  of  each  cell  gradually  becomes 
clear  and  more  transparent,  and  this  condition  spreads  towards  the  inner  pan 
of  the  cell.] 

[In  the  mixed  or  muco-saUvary  glands  (f.f.,  human  sub-maziIlary}some 
of  the  alveoli  are  mucous  and  others  serous  in  their  characters,  but  the  latter 
are  always  far  more  numerous,  and  the  one  kia^  of  aciaus  is  directly  continuoos 
with  the  other  kind  (fig.  180).] 

143.  HISTOI.OGICAI.  CHANGES  DURING  THE  ACTIVITY 
OP  THE  SALIVARY  GLANDS.— [The  condition  of  physiological 
activity  of  the  gland-cells  is  accompanied  by  changes  in  the  histological  char- 
acters of  the  secretory  cells.  Changes  in  serous  glands  have  been  orehilly 
studied  in  the  parotid  of  the  rabbit,  but  the  appearances  vary  somewhat,  accord- 
ing as  the  glands  are  examined  in  the  fresh  condition  or  after  hardening  in  various 
reagents,  such  as  absolute  alcohol.  When  the  gland  is  at  rest,  or  in  the 
"  resting  phase,"  sometimes  also  called  the  "  loaded"  or  "  charged"  con- 
dition, in  a  preparation  hardened  in  alcohol,  and  stained  with  carmine,  the 
cells  consist  of  a  pale,  almost  uncolored  substance,  with  a  few  line  granules, 
and  a  small  irregular,  red-stained,  shrivelled  nucleus  devoid  of  a  nucleolus. 
The  appearance  of  the  nucleus  suggests  the  idea  of  its  being  shrivelled  by  the 
action  of  the  hardening  reagent  (fig-  tSi,  A).] 


Tig.  181,  A.  Fig.  181.  B. 

Section*  of  ■"•erous"  gUnd,  stained  with  carmine.     The  parotid  o(  a  rabbit,  fig.  ig|,  A,  at 

resl;  fig.  I  Si,  B,  after  stimalatioD  of  the  cervical  STinpathetic. 

[During  activity,  orin  the  "  active  phase,"  if  the  gland  be  caused  to 
secrete  by  stimulating  the  sympathetic,  all  parts  of  the  cells  undergo  a  change 
(fig.  i3i,  A,  B).  In  preparations  hardened  in  alcohol — (i)  the  cells  dimin- 
ish somewhat  in  size ;  (i)  the  nuclei  are  no  longer  irregular,  but  round,  with  a 
sharp  contour  and  nucleoli ;  (3)  the  substance  of  the  cell  itself  is  turbid  owing 
to  the  diminution  of  the  clear  substance,  and  the  increase  of  the  granules, 
especially  near  the  nuclei  5(4)  at  the  same  time,  the  whole  cell  stains  more 
deeply  with  carmine  (/feikenAaih).] 

[On  studying  the  changes  which  occur  in  a  living  serous  gland,  Langley 
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found  that  the  substaDce  of  the  cells  of  the  parotid  is  pervaded  by  fine  granules, 
which  are  so  numerous  as  to  obscure  the  nucleus,  while  the  outlines  of  the  cells 
are  indistinct.  No  lumen  is  visible  in  the  acini,  during  activity  the  granules 
disappear  from  the  outer  zone  of  the  celk,  the  cells  themselves  becoming 
smaller  and  more  distinct.  Afler  prolonged  secretion,  the  granules  largely 
disappear  from  the  cell-substance  except  quite  near  the  inner  margin.  The 
cells  are  smaller,  their  outlines  more  distinct,  their  spherical  nuclei  apparent, 
and  the  lumen  of  the  acini  is  wide  and  distinct.  Thus,  it  is  evident  that,  during 
rest,  granules  are  manufactured^  which  disappear  during  the  activity  of  the 
cells,  the  disappearance  taking  place  from  without  inwards.  Similar  changes 
occur  in  the  cells  of  the  pancreas  (§  168).] 

[More  complex  changes  occur  in  the  mucous  glands,  such  as  the  sub-maxil- 
laiy  or  orbital  glands  of  the  dog  {Lavdavsky).  The  appearances  vary  accord- 
ing to  the  intensity  and  duration  of  the  secretory  activity.  The  mucous  cells 
at  rest  are  large,  clear,  and  refractive,  containing  a  flattened  nucleus  (fig.  176, 
C),  surrounded  with  a  small  amount  of  protoplasm,  and  placed  near  the  base- 
ment membrane.  The  clear  substance  does  not  stain  with  carmine,  and  con- 
sists of  roucigen  lying  in  the  wide  spaces  of  an  intracellular  plexus  of  fibrils. 
After  prolonged  secretion,  produced,  it  may  be,  by  strong  and  continued 
stimulation  of  the  chorda,  the  mucous  cells  of  the  sub-maxillary  gland  of  the 
dog  undergo  a  great  change.  In  such  a  condition  the  cells  are  spoken  of  as 
"unloaded"  or  "discharged.*']  The  distended,  refractive, and  ''mucous cells,** 
which  occur  in  the  quiescent  gland,  and  which  do  not  stain  with  carmine,  ap- 
pear quite  different  after  the  gland  has  been  in  a  state  of  activity.  They  are 
represented  by  small  dark  protoplasmic  cells  devoid  of  mucin  (fig.  176,  C). 
These  cells  readily  stain  with  carmine,  whilst  their  nucleus  is  scarcely,  if  at  all, 
colored  by  the  dye.  The  researches  of  R.  Heidenhain  (1868)  have  shed 
much  light  qn  the  secretory  activity  of  these  glands. 

[During  rest,  the  protoplasm  seems  to  manufacture  mucigen,  which  is 
changed  into  and  discharged  as  mucin  in  the  secretion,  when  the  gland  is 
actively  secreting.  Thus,  the  cells  become  smaller,  but  the  protoplasm  of  the 
cell  seems  to  increase,  new  mucigen  is  manufactured  during  rest,  and  the  cycle 
is  repeated.] 

The  change  may  be  pixxluced  in  two  ways.  Either  it  is  due  lo  the  '*  mucous  cells"  during 
secretion  becoming  broken  up,  so  that  they  jrield  their  mucin  directly  to  the  saliva;  in  saliva 
rich  in  mucin,  small  microscopic  pieces  of  mucin  are  found,  and  sometimes  mucous  cells  them- 
kItcs  are  present.  Or.  we  must  assume  that  the  mucous  cells  simply  eliminate  the  mucin  from 
thdr  bodies  (Ewald^  Stohr) ;  while  alter  a  petiod  of  rest,  new  mucin  is  formed.  According  to 
this  ?iew,  the  dark  granular  cells  of  the  glands,  after  active  secretion,  are  simply  mucous  cells, 
which  have  given  oat  their  mucin.  If  we  assume,  with  Heidenhain,  that  the  mucous  cells 
break  up,  then  these  granular  non-mucous  cdls  must  be  regarded  as  new  formations  produced  by 
the  proliferation  and  growth  of  the  composite  marginal  cells,  1.  ^.,  the  crescents,  or  half-moons 
of  Giannzzt 

144.  THE  NERVES   OF  THE   SALIVARY   GLANDS.  — The 

nerves  are  for  the  most  part  meduUated,  and  enter  at  the  hilum  of  the  gland, 
where  they  form  a  rich  plexus  provided  with  ganglia  between  the  lobules. 
[There  are  no  ganglia  in  the  parotid  gland  (^Kiein).'] 

All  the  salivary  glands  are  supplied  by  branches  from  two  different  nerves — 
from  the  sympathetic  and  from  a  cranial  nerve. 

I.  The  sympathetic  nerve  gives  branches  {a)  to  the  sub-maxillary  and 
the  sub-lingual  glands,  derived  from  the  plexus  on  the  external  maxillary  artery ; 
(b)  to  the  parotid  gland  from  the  carotid  plexus  (fig.  182).  [These  nerve- 
fibres  reach  the  gland  along  the  arteries  of  the  gland,  and  are  for  the  most  part 
non-medullated  nerve-fibres.  They  can  be  traced  to  the  superior  cervical 
ganglion  and  from  thence  through  the  cervical  sympathetic  into  the  cord.] 
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2.  The  facial  nerve  gives  branches  to  the  sub-maxillary  and  sub-lingual 
glands  from  the  chorda  tympani,  which  accompanies  the  lingual  branch  of 
the  fifth  nerve  (fig.  i8i).  [The  chorda  consists  of  fine  medultated  fibres,  but 
as  they  enter  the  gland  the  fibres  become  non-medu  Hated]  The  branches  to 
the  parotid  arise  from  the  tympanic  branch  of  the  gloss o -pharyngeal  nerve 
(dog).  The  tympanic  plexus  sends  fibres  to  the  small  superficial  petrosal 
nerve,  and  with  it  these  fibres  run  to  the  anterior  surface  of  the  pyramid  in  the 
temporal  bone,  emerging  from  the  skuU  through  a  fissure  between  the  petrous 
and  great  wing  of  the  sphenoid,  and  then  joining  the  otic  ganglion.  This 
ganglion  sends  branches  to  the  auric ulo-temporal  nerve  (itself  derived  from  the 
thiid  branch  of  the  trigeminus),  which,  as  it  passes  upwards  to  the  tonponl 
region  under  cover  of  the  parotid,  gives  branches  to  this  gland. 

The  sub -maxillary  ganglion,  which  gives  branches  to  the  sub-maxilUry 
and  sub-lingual  glands,  recftives  -ttbres  from  the  tympanico-linguat  nerve 
(chorda  tympani)  as  well  as  sympathetic  fibres  fi-om  the  plexus  on  the  external 
maxillary  artery. 


Fig.  i8z. 
Schemeof  (he  nerves  of  the  salivary  glands.  P.,  poos ;  M.O.,  medulla  oblongata ;  ]  N..  nerve 
of  Jacobson;  O.,  S.M.,  I.M.,  c^thalmic,  superior,  and  inferior  maxiliu;  divisions  of  6nb 
nerve,  V.;  VIL,  seventh  nerve;  S.s.p.,  small  superficial  petrosal  nerve;  Vag.,  vagiis; 
Sym.,  sympathetic;  O.G.,  otic,  and  S.G  ,  submaxillary  ganglia;  P.,  S.,  and  S.L.,  parotid, 
>ub-ni axillary,  and  sub-lingual  glands;  T.,  tongue. 

Termination  of  the  Nerve-Fibres. — With  regard  to  the  ultimate  distri- 
bution of  these  nerVes  we  can  distinguish  (i)  Ihe  vasomotor  nerves,  which 
give  branches  to  the  walls  of  the  blood-vessels,  and  (z)  the  secretory  nerves 
proper. 

Pflilger  stales,  with  r^^rd  to  the  latter,  that  (a)  medullated  nerve-fibres  penetrate  (he  acini ; 
the  sheath  of  Schwann  unites  with  the  mcmbraaa  propria  of  the  adntis;  The  medullated  fibre 


•r  (erminate*  in  connection  with  the  n 

however,  is  not  proved]  (fig.  176,  F).    (4)  According  lo  FflUger,  n        .    .   .     _     ._ 

multipolar  ganglion  ceils,  which  lie  outside  the  wall  of  the  acinus,  and  these  cells  send  brmncbet 
to  the  secretory  cells  of  the  acini.  [These  cells  probably  correspond  to  the  branched  cdb 
of  the  basket-^aped  structure.]  {c)  Again,  he  describes  medullated  librei  which  enter  the 
attached  end  of  (he  Cylindrical  e[Mthelium  linii^the  eicrctoiy  duels  of  the  glands  [E).  Pflagcr 
(hinki  that  (hose  fibres  entering  the  acini  direcUy  are  cerebral,  while  those  with  ganglia  in  their 
course  are  derived  from  the  sympathetic  system,  [(d)  The  direct  termination  of  nerre-librcs  has 
been  observed  in  (he  salivary  glands  of  the  cockroach  by  Kupffer.] 

145.  ACTION  OF  THE  NERVOUS  SYSTEM  ON  THE  SE- 
CRETION OF  SALIVA.— A.  Sub  maxillary  Gland.— Stimulation 
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of  the  facial  nerve  at  its  origin  causes  a  profuse  secretion  of  a  thin  watery 
saliva,  which  contains  a  very  small  amount  of  specific  constituents.  Simul- 
taneously with  the  act  of  secretion,  the  blood-vessels  of  the  glands  dilate,  and 
the  capillaries  are  so  distended  that  the  pulsatile  movement  in  the  arteries  is 
propagated  into  the  veins.  [Owing  to  the  dilatation  of  the  arterioles  the 
pabc-wave  is  propagated  through  the  capillanes  into  the  veins,  so  that  there  is 
a  venous  pulse,  the  blood  flowing  from  the  veins  in  jets,  p.  138.3  Nearly  four 
times  as  much  blood  flows  out  of  the  veins,  the  blood  being  of  a  bright  red 
color,  and  containing  one-third  more  O  than  the  venous  blood  of  the  non- 
stimulated  gland.  Notwithstanding  this  relatively  high  percentage  of  O,  the 
secreting  gland  uses  more  O  than  the  passive  gland  (§  133,  i). 

[I.  Stimulation  of  Chorda  Tympani. — If  a  cannula  be  placed  in  Whar- 
ton's duct,  e.g.,  in  a  dog,  and  the  chorda  tympani  be  divided,  no  secretion 
flows  from  the  cannula.  On  stimulating  the  peripheral  end  of  the  chorda 
tympani  with  an  interrupted  current  of  electricity,  the  same  results — copious 
secretion  of  saliva  and  vascular  dilatation,  with  increased  flow  of  blood  through 


rig-  i8j 

Scheme  of  ihe  secreloiy  and  Tuo-comtrictor  nerves  of  ihe  tympathetic  nerve,  anil  vaso-diluor 

■ad  secreUMy  oerves  of  the  chorda  puiing  to  the  sub-maxilluj  glaod. 

the  glands-occur  as  when  the  origin  of  the  seventh  nerve  itself  is  stimulated. — 
The  watery  saliva  is  called  chorda  saliva.  Thus  two  effects  are  produced 
simultaneously,  viz.,  vascular  dilatation  and  secretion  of  saliva.  As  a 
matter  of  foct,  each  is  brought  about  by  the  independent  action  of  special 
nerve-fibres,  so  that  two  functionally  diflerent  kinds  of  nerve-fibres  occur  in  the 
fiicial  nerve  and  chorda — (i)  vaso-dilator  fibres  (fig.  1S3),  and  (3)  true 
secretory  fibres.  The  methods  by  which  the  existence  of  these  nerve-fibres 
is  proved  arc  described  on  p.  254]. 

II.  Stimulation  of  the  sympathetic  nerve  causes  a  scanty  amount  of  a 
very  thick,  sticky,  opaque  mucous  secretion,  in  which  the  specific  salivary  con- 
stituents, mucin,  and  the  salivary  corpuscles  arevery  abundant.  [It  contains  a 
large  number  of  morphological  elements,  chiefly  pale  glutinous-looking  masses, 
probably  products  of  the  transfomiation  of  gland-cells.  The  solids  reach  15-38 
per  1000,  but  the  total  quantity  of  saliva  secreted  is  always  small.]  The  specific 
gravity  of  the  saliva  is  raised  from  1007  to  loio.  Simultaneously  the  blood- 
vessels become  contracted,  so  that  the  blood  flows  more  slowly  from  the  veins, 
and  has  a  dark  bluish  color. 
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The  sympathetic  also  contains  two  kinds  t>f  nerve-fibres — (i)  true  secretory 
fibres,  and  (2)  vaso-constrictor  fibres  (fig.  183). 

[Electrical  Variations  during  Secretion. — That  changes  in  the  electromotive  properties  of 
glands  occar  during  secretion  was  shown  in  the  frog's  skin.  Bayliss  and  Bradford  nnd  (hat  the 
same  is  true  of  the  sub-maxillary  gland  (dog).  During  secretion,  the  excitatory  change  00 
stimulating  the  chorda  is  a  positive  variation  of  the  current  of  rest  (the  hilum  of  the  gland 
becoming  more  positive),  but  it  is  frequently  followed  by  a  second  phase  of  opposite  sign.  The 
latent  period  is  always  very  short,  about  0.37^'.  Atropin  abolishes  the  chorda  variation.  Go 
stimulating  the  sympathetic,  the  excitatory  change  is  of  an  opposite  sign  to  that  of  the  chocdA, 
and  the  hilum  becomes  less  positive,  so  that  there  is  a  negative  variation.  It  requires  a  more 
powerful  stimulus,  is  less  in  amount,  and  its  latent  period  is  longer  {2f'-^"\  while  atropiD 
lessens  but  does  not  abolish  it] 

Relation  to  Stimulus.-^-On  stimulating  the  cerebral  nerves,  at  first  with  a  weak  and  gradu- 
ally with  a  stronger  stimulus,  there  is  a  gradual  development  of  the  secretion  in  which  the  solid 
constituents — occasionally  the  organic — are  increased  (Heidenhain).  If  a  strong  stimulus  be 
applied  for  a  long  time,  the  secretion  diminishes,  becomes  watery,  and  is  poor  in  specific  con- 
stituents, especially  in  the  organic  elements,  which  are  more  affected  than  the  inorganic  ( C 
Ludwig  and  Becker),  After  prolonged  stimulation  of  the  sympathetic,  the  secretion  resembles 
the  chorda  saliva.  It  would  seem,  therefore,  that  the  chorda  and  sympathetic  saliva  are  nH 
specifically  distinct,  but  vary  only  in  degree.  On  continuing  the  stimulation  of  the  nerves  up  to 
a  certain  maximal  limit,  the  rapidity  of  secretion  becomes  greater,  and  the  percentage  of  salti 
also  increases  to  a  certain  maximum,  and  this  independently  of  the  former  condition  of  the 
glands.  The  percentage  of  organic  constituents  also  depends  on  the  strength  of  the  nervous 
stimulation,  but  not  on  this  alone,  as  it  is  essentially  contingent  upon  the  condition  of  the  gland 
before  the  secretion  took  place,  and  it  also  depends  upon  the  duration  and  intensity  of  the 
previous  secretory  aaivity.  Very  strong  stimulation  of  the  gland  leaves  an  "after  effect,'' 
which  predisposes  it  to  give  off  organic  constituents  into  the  secretion  {Ileidenhain),  A  latent 
period  of  1 .2  sec.  to  24  sec.  may  <9apse  between  the  nerve-stimulation  and  the  beginning  of  the 
secretion. 

[Langley  has  shown  that  in  the  cat  the  sympathetic  saliva  of  the  sub-maxillary  gland  is  less 
viscid  than  the  chorda  saliva.] 

Relation  of  Secretion  to  Blood-Supply. — 77ie  secretion  of  saliva  is  n&t 
simply  the  result  of  the  amount  of  blood  in  the  glands;  that  there  is  a  factor 
independent  of  the  changes  in  the  state  of  the  vessels  is  shown  by  the  following 
facts : — 

1.  The  secretory  activity -of  the  glands  when  their  nerves  are  stimulated  cod- 
tinues  for  some  time  after  the  blood-vessels  of  the  gland  have  been  ligatured. 

[If  the  head  of  a  rabbit  be  cut  off,  stimulation  of  the  seventh  nerve,  above  where  the  chonU 
leaves  it,  causes  a  flow  of  saliva,  which  cannot  be  accounted  for  on  the  supposition  that  the 
saliva  already  present  in  the  salivary  glands  is  forced  out  of  them.  Thus  we  may  have  secre- 
tion without  a  blood- stream.  The  saliva  is  really  secreted  from  the  lymph  (fig.  1S3)  present 
in  the  lymph-spaces  of  the  gland  (Ludwig\'\ 

2.  Atropin  and  daturin  abolish  the  activity  of  the  secretory  fibres  in  the 
chorda  tympani,  but  do  not  affect  the  vaso-dilator  fibres  {Heidenhain).  The 
same  results  occur  after  the  injection  of  acids  and  alkalies  into  the  excretory 
duct  (^Gianuzzi'), 

[Action  of  Atropin. — The  vascular  dilatation  and  the  increased  flow  of 
saliva  due  to  the  activity  of  the  secretory  cells,  produced  by  stimulation  of  the 
chorda  tympani,  although  they  occur  simultaneously,  do  not  stand  in  the  rela- 
tion of  cause  and  effect.  We  may  cause  vascular  dilatation  without  an  increased 
flow  of  saliva,  as  already  stated  (2).  If  atropin  be  given  to  an  animal,  stimu- 
lation of  the  chorda  produces*  dilatation  of  the  blood-vessels,  but  no  secretion 
of  saliva.  Atropin  paralyzes  the  secretory  fibres,  but  not  the  vaso-dilator  fibres 
(fig.  184).  The  increased  supply  of  blood,  while  not  causing,  yet  favors  the 
act  of  secretion,  by  placing  a  large  amount  of  pabulum  at  the  disposal  of  the 
secretory  elements,  the  cells.] 

3.  The  pressure  in  the  excretory  duct  of  the  salivary  gland — ^measured  by 
means  of  a  manometer  tied  in  it — may  be  nearly  twice  as  great  as  the  pressure 
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within  the  arteries  of  the  glands,  or  even  in  the  carotid  itself  {Ludwig).  The 
pressure  in  Wharton's  duct  may  reach  200  mm.  Hg  [while  the  pressure  within 
the  carotid,  /.  ^.,  the  blood-pressure,  may  be  only  120  mm.  Hg.] 

rSecretory  Pressure. — ^The  experiment  described  under  (3)  proves,  in  a 
definite  manner,  that  the  passage  of  the  water  from  the  blood-vessels,  or  at  least 
from  the  lymph  into  the  acini  of  the  gland,  cannot  be  due  to  the  blood-pressure ; 
that,  in  fact,  it  is  not  a  mere  process  of  filtration^  such  as  perhaps  occurs  in  the 
glomeruli  of  the  kidney.  In  the  case  of  the  salivary  gland,  where  the  pressure 
within  the  gland  may  be  nearly  double  that  of  the  arterial  pressure,  the  water 
actually  moves  from  the  lymph-spaces  against  very  great  resistance.  We  can 
only  account  for  this  result  by  ascribing  it  to  the  secretory  activity  of  the 
gland-cells  themselves.  Whether  the  activities  of  the  gland-cells,  as  suggested 
by  Heidenhain,  are  governed  directly  by  two  distinct  kinds  of  nerve-fibres,  a 
s/^i  of  solid-secreting  fibres,  and  a  set  of  water-secreting  fibres,  remains  to  be 
proved.] 

All  these  fiacts  lead  us  to  conclude  that  the  nerves  exercise  a  direct 
effect  upon  the  secretory  cells,  apart  from  their  action  on  the  blood- 
vessels. ^ 

4.  Just  as  in  the  case  of  muscles  and  nerves,  the  salivary  glands  -become  fatigued  or  ex- 
hausted after  prolonged  action.  This  result  may  also  be  brought  about  by  injecting  acids  or 
alkalies  into  the  duct,  which  shows  that  the  secretory  activity  of  the  gland  is  independent  of 
the circuladoD  {GianusMt), 

Extirpation  of  Salivary  Qlands. — ^Wben  the  chorda  tympani  is  extirpated  on  one  side  in 
jooDg  dc^,  the  sub-maxillary  gland  on  that  side  does  not  develop  so  much — its  weight  is  50 
per  cent.  less — while  the  mucous  cells  and  the  **  crescents  *'  are  smaller  than  on  the  sound  side 
(BufaHni). 

During  secretion,  the  temperature  of  the  gland  rises  1.5°  C.  {Ludwig)y 
and  the  blood  flowing  from  the  veins  is  often  warmer  than  the  arterial  blood. 
[The  electro-motive  changes  are  referred  to  at  p.  254.] 

[Results  of  Stimulation  of  glandular  nerves. — The  results  following 
electrical  or  other  stimulation  of  the  peripheral  end  of  a  glandular  nerve  may 
be  stated  as  follows : — 

(i)  Vaso-motor  changes,  causing  alterations  in  the  blood-supply  and 
blood-flow. 

(2)  Chemical  and  histological  changes  in  the  gland-cells  connected 
with  the  elaboration  of  the  organic  and  possibly  of  the  inorganic  constituents 
of  the  saliva. 

(3)  Changes  by  which  water  is  secreted,  /.  e,y  passes  through  the  base- 
ment membrane  and  gland-cells,  and  the  consequent  movement  of  the  fluid 
through  the  cells  and  ducts. 

(4)  Electrical  changes  (p.  254),  which  do  not  seem  to  be  associated  with 
the  vaso-motor  changes,  for  the  electrical  variations  are  readily  abolished  by 
atropin,  which  does  not  aflect  the  vaso-motor  changes.] 

"  Paralytic  Secretion  "  of  Saliva. — By  this  term  is  meant  the  continued 
secretion  of  a  thin  watery  saliva  from  the  sub-maxillary  gland,  which  occurs 
twenty-four  hours  after  the  section  of  the  cerebral  nerves  (chorda  of  the  seventh), 
/.  e.y  those  branches  of  them  that  go  to  this  gland,  whether  the  sympathetic  be 
divided  or  not  (C7.  Bernard),  It  increases  until  the  eighth  day,  after  which 
it  gradually  diminishes,  while  the  gland-tissue  degenerates.  The  injection 
of  a  small  quantity  of  curare  into  the  artery  of  the  gland  also  causes  it. 

[Heidenhain  showed  that  section  of  one  chorda  is  followed  by  a  continuous  secretion  of  saliva 
ran  both  sul>-maxillary  glands.  The  term  **  paralytic  secretion  "  is  applied  to  that  which 
takes  place  on  the  side  on  which  the  nerve  is  cut,  and  Langley  proposes  to  call  the  secretion  on 
the  opposite  side  the  antilytic.  Apnoea  (J  368)  stops  both  the  paralytic  and  antiiytic 
secretion,  while  dyspnoea  increases  the  flow  in  both  cases ;  and  as  section  of  the  sympathetic 
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fibres  to  the  g1an<h( where  the  chorda  is  cut)  arrests  the  paralytic  secretion  excited  by  dyspocea, 
it  is  evident  that  both  the  |>ara]ytic  secretion  and  the  secretion  following  dyspnoea  are  caused 
by  stimuli  travelling  down  the  sympathetic  fibres.  In  the  later  stages  of  the  paralytic  secretioa 
the  cause  is  in  the  gland  itself,  for  it  goes  on  even  if  all  the  nerves  passing  to  \he  gland  be 
divided,  and  is  probably  due  to  a  local  nerve-centre.  In  this  stage  the  secretion  b  arretted  by 
-a  large  dose  of' chloroform.  The  paraljrtic  secretion,  in  the  first  stage,  may  be  owing  to  a  venous 
condition  of  the  blood  acting  on  a  central  secretory  centre  whose  excitability  is  increased ;  and 
in  the  latter  stages  probably  on  local  nerve-centres  within  the  gland.  The  fibres  of  the  chorda 
in  the  cat  are  only  partially  degenerated  thirteen  days  after  section  (Lang/ey)."} 

[Histological  Changes. — In  the  gland  during  paralytic  secretion,  the  gland-cells  of  the 
alveoli  (serous,  mucous,  and  demilunes)  diminish  m  »ize,  and  show  the  typical  **  resting " 
-appearance,  even  to  a  greater  extent  than  the  normal  resting  gland  (LattgUy),'] 

B.  Sub-Lingual  Gland. — Very  probably  the  same  general  relations  obtain 
as  in  the  sub-maxillary  gland. 

C.  Parotid  Gland. — In  the  dog,  stimulation  of  the  sympathetic  alofu 
causes  no  secretion  ;  it  occurs  when  the  glosso-pharyngeal  branch  to  the  parotid 
is  simultaneously  excited.  This  branch  may  be  reached  within  the  tympanum 
in  the  tympanic  plexus.  A  Mck  secretion  containing  much  organic  matter  is 
thereby  obtained.  Stimulation  of  the  cerebral  branch  alone  yields  a  clear  thin 
watery  secretion,  containing  a  very  small  amount  of  organic  substances,  but  a 
•considerable  amount  of  the  salts  of  the  saliva. 

[Stimulation  of  Jacobson's  Nerve  (Parotid  of  Dog) — 

Total  Solids. 

Without  sympathetic, c>>55^ 

With  sympatnetic, ^•42^ 

The  following  table  shows  the  nerves  of  the  parotid  gland : — 

,,  .       f  Cerebral.    Vase  dilators  =  glosso-pharyngeal. 

Vaso-motor  nerves      |  Sympathetic.    Vaso-constriltors  L  sH^eiic. 


Saks. 

Oisaaic  Mauer 

0.31 

0.24 

0.36 

2.06] 

(  Sympathetic  xb  sympathetic] 
The  parotid  atrophies  alter  destruction  of  the  tympanic  plexus  {Bradford). 


Secretory  nerves 
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Fig.  184. 
Diagram  of  a  salivary  gland. 


Reflex  Secretion  of  Saliva.— 
[If  a  cannula  be  placed  in  Wharton's 
duct,  e.g.^  in  a  dog«  during  fasting, 
little  or  no  saliva  will  flow  out,  bat  od 
applying  a  sapid  substance  to  the 
mucous  membrane  of  the  mouth  or 
the  tongue,  there  is  a  copious  flow  of 
saliva.  If  the  sympathetic  nerve  be 
divided,  secretion  still  takes  place 
when  the  mouth  is  stimulated,  but  if 
the  chorda  tympani  be  cut,  secretion 
no  longer  takes  place.  Hence,  the 
secretion  is  due  to  a  reflex  act ;  in 
this  case,  the  lingual  is  the  afferent, 
and  the  chorda  the  efferent  nerve  car- 
rying impulses  from  a  centre  situated 
in  the  medulla  oblongata  (fig.  184).] 
In  the  intact  body,  the  secretion  of 


saliva  occurs  through  a  reflex  stimulation  of  the  nerves  concerned,  whereby, 
under  normal  circumstances,  the  secretion  is  always  watery  (chorda  or  facial 
saliva).  The  centripetal  or  afferent  nerve  fibres  concerned  are: — (i) 
The  nerves  of  taste.  (2)  The  sensory  branches  of  the  trigeminus  of  the  entire 
cavity  of  the  mouth  and  the  glosso-pharyngeal  (which  appear  to  be  capable  of 


Sec.  145.]  CONDITIONS  AFFECTING  SALIVARY  SECRETION.  257 

being  stimulated  by  mechanical  stimuli,  pressure,  tension,  displacement).  The 
movements  of  mastication  also  cause  a  secretion  of  saliva.  Pililger  found  that 
one-third  more  saliva  was  secreted  on  the  side  where  mastication  took  place ; 
and  CI.  Bernard  observed  that  the  secretion  ceased  in  horses  during  the  act 
of  drinking.  (3)  The  nerves  of  smell,  excited  by  certain  odors.  (4)  The 
gastric  branches  of  the  vagus.  A  rush  of  saliva  into  the  mouth  usually  precedes 
the  act  of  vomiting  (§  158). 

(5)  The  stimulation  of  distant  sensory  nerves,  e,g,^  the  central  end  of  the  sciatic — 
certainly  through  a  complicated  reflex  mechanism— causes  a  secretion  of  saliva  (Owsjannikaw 
and  Tsckierjrw).  Stimulation  of  the  conjunctiva,  /.  g,^  by  appl3ring  an  irritating  fluid  to  the 
eye  of  caraiTorous  animals,  causes  a  reflex  secretion  of  saliva  {^Aschenbrandt).  Perhaps  the 
aecretion  of  saliva  which  sometimes  occurs  during  pregnancy  is  caused  in  a  similar  reflex  manner. 

(6)  The  movements  of  mastication  excite  secretion,  but  although,  during  the  act  of  rumi- 
nation, this  u  the  case  in  ruminants,  in  whom  the  process  of  mastication  is  very  thorough,  there 
is  no  secretion  from  the  sub-maxillary  gland,  although  the  parotid  secretes  (CoHn^  EUenberger 
ond  Hcfmeisier), 

The  reflex  centre  for  the  secretion  of  saliva  lies  in  the  medulla  oblongata, 
at  the  origin  of  the  seventh  and  ninth  cranial  nerves.  The  centre  for  the  sym- 
pathetic fibres  is  also  placed  here.  This  region  is  connected  by  nerve-fibres 
with  the  cerebrum ;  hence  the  thought  of  a  savory  morsel,  sometimes,  when 
one  is  hungry,  causes  a  rapid  secretion  of  a  thin  waterv  fluid — [or,  as  we  say, 
*'  makes  the  mouth  water  '*].  If  the  centre  be  stimulated  directly  by  a  mechan- 
ical stimulus  (puncture),  salivation  occurs,  while  asphyxia  has  the  same  effect. 
The  reflex  secretion  of  saliva  may  be  inhibited  by* stimulation  of  certain  sen- 
sory nerves,  e^  g.,  by  pulling  out  a  loop  of  the  intestine.  Stimulatibn  of  the 
cortex  cerebri  of  a  dog,  near  the  sulcus  cruciatus,  is  often  followed  by  secre- 
tioa  of  saliva.  Disease  of  the  brain  in  man  sometimes  causes  a  secretion  of 
saliva,  owing  to  the  effects  produced  on  the  intracranial  centre. 

So  long  as  there  is  no  stimulation  of  the  nerves,  there  is  no  secretion  of 
saliva,  as  in  sleep.  Immediately  after  the  section  of  all  nerves,  secretion  stops, 
for  a  time  at  least. 

Pathological  Conditions  and  Poisons. — Certain  affections,  as  inflammation  of  the  mouth, 
neuralgia ;  ulcers  of  the  mucous  membrane ;  and  affections  of  the  gums,  due  to  teething  or  the 
prokHiged  administtation  of  mercury,  often  produce  a  copious  secretion  of  saliva  or  ptyalism. 
Certain  poisons  cause  the  same  effect  by  direct  stimulation  of  the  nenres,  as  Calabar  bean  (phy- 
4Qstigmin),  digitalin,  and  especially  pilocarpin.  Many  poisons,  especially  the  narcotics — atx>ve 
ail  atropin — paralyze  the  secretory  nerves^  so  that  there  is  a  cessation  of  the  secretion  and  the 
mouth  becomes  dry;  while  the  administration  of  muscarin  in  this  condition  causes  secretion. 
Pilocarpin  acts  00  the  chorda  tympani,  causing  a  profuse  secretion,  and  if  atropin  be  given,  the 
secretion  is  again  arrested.  Conversely,  if  the  secretion  be  arrested  by  atropin,  it  may  be 
restored  by  the  action  of  pilocarpin  or  physostigmin.  Nicotin,  in  small  doses,  excites  the  secre- 
tory nerves,  but  in  large  doses  paralyzes  them.  Daturin,  cicutin,  and  iodide  of  aethylstrychnin, 
paralyze  the  chorda.  The  saliva  is  diminished  in  kmount  in  man,  in  cases  oi  paralysis  of  the 
facial  or  sympathetic  nenres,  as  is  observed  in  unilateral  paralysis  of  these  nerves. 

[Sialogogues  are  those  drugs  which  increase  the  secretion  of  saliva.  Some  are  topical,  and 
take  effect  when  applied  to  the  mouth.  They  excite  secretion  reflexly  by  acdng  on  the  sensory 
nerres  of  the  mouth.  They  include  acids,  and  various  pungent  bodies,  such  as  mustard,  ginger, 
pyrethrum,  tobacco,  ether,  and  chloroform ;  but  they  do  not  all  produce  the  same  effect  on  the 
amount  or  quality  of  the  saliva ;  others,  the  general  sialogogues,  cause  salivation  when  intro- 
duced into  the  blood :  physostigmin,  nicotin,  pilocarpin,  muscarin.  The  drugs  named  act  after 
all  the  nerves  going  to  the  gland  are  divided,  so  that  they  stimulate  the  peripheral  ends  of  the 
nerves  in  the  glands.    The  first  two  also  excite  the  central  ends  of  the  secretory  nerves.] 

[  Anti-siaUcs  are  those  substances  which  diminish  the  secretion  of  saliva,  and  they  may  take 
effect  upon  any  part  of  the  reflex  arc,  t.  ^.,  on  the  mouth,  the  afferent  nerves,  the  nerve-centre 
and  aflBerent  nerves,  or  upon  the  blood-stream  through  the  glands,  or  in  the  glands  themselves. 
Opium  and  morphia  affect  the  centre,  large  doses  of  physostigmin  affect  the  blood-supply, 
but  atropin  is  the  most  powerful  of  all,  as  it  paralyzes  the  terminations  of  the  secretory  nerves  in 
€he  glanids,  e.  g.^  the  chorda  tympani,  and  event  he  sympathetic  in  the  cat  (but  not  in  the  dog).] 

[Excretion  by  the  Saliva. — Some  drugs  are  excreted  by  the  saliva.  Iodide  of  potassium 
«s  rapidly  eliminated  by  the  kidneys,  and  by  the  salivary  glands,  and  so  also  is  iodide  of  iron.] 

17 
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Theory  of  Salivary  Secretion. — Heidenhain  has  recently  fprmulated  the  following  theory 
regarding  the  secretion  of  saliva  : — ''  During  the  passive  or  quiescent  condition  of  the  gland, 
the  organic  materials  of  the  secretion  are  formed  from  and  by  the  activity  of  the  protoplasm  of 
the  secretory  cells.  A  quiescent  cell,  which  has  been  inactive  for  some  time,  therefore  contains 
little  protoplasm,  and  a  large  amount  of  these  secretory  substances.  In  an  actively  secreting 
gland,  there  are  two  processes  occurring  together,  but  independent  of  each  other,  and  regulated 
by  two  different  classes  of  nerve-fibres ;  secretory  fibres  cause  the  act  of  secretion,  while  trophic 
fibres  cause  chemical  processes  within  the  cells,  p>artly  resulting  in  the  formation  of  the  sokble 
constituents  of  the  secretion,  and  partly  in  the  growth  of  the  protoplasm.  According  to  the 
number  of  both  kinds  of  fibres  present  in  a  nerve  passing  to  a  gland,  such  nerve  being  stimu- 
lated, the  secretion  takes  place  more  rapidly  ^erebral  nerve)  or  more  slowly  (sympathetic), 
while  the  secretion  contains  less  or  more  solid  constituents.  The  cerebral  nerves  contain  many 
secretory  fibres  and  few  trophic  fibres,  while  the  sympathetic  contain  more  trophic  but  few 
secretory  fibres.  The  rapidity  and  chemical  composition  of  the  secretion  vary  according  to  the 
strength  of  the  stimulus.  During  continued  secretion,  the  supply  of  secretory  materials  in  the 
gland-cells  is  used  up  more  rapidly  than  it  is  replaced  by  the  activity  of  the  protoplasm ;  hence, 
Uie  amount  of  organic  constituents  diminishes,  and  the  microscopic  characters  of  the  cells  are 
altered.  The  microscopic  characters  of  the  cells  are  altered  also  by  the  increase  of  the  proto- 
plasm, which  takes  place  in  an  active  gland.  The  mucous  cells  disappear,  and  seem  to  be 
dissolved  after  prolonged  secretion,  and  their  place  is  taken  by  other  cells  derived  from  the  pro- 
liferation of  the  marginal  cells  (?).  The  energy  which  causes  the  current  of  fluid  depends  upon 
the  protoplasm  of  the  gland-cells." 

146.  THE  SALIVA  OF  THE  INDIVIDUAL  GLANDS.— (^} 
Parotid  saliva  (Steno's  duct)  ;  it  has  an  alkaline  reaction,  but  during  fast- 
ing, the  first  few  drops  may  be  neutral,  or  even  acid,  on  account  of  free  CO,;  its 
specific  gravity  is  1003  to  ^004.  [It  does  not  contain  any  morphological  con- 
stituents.] After  standing  it  becomes  turbid,  and  deposits,  in  addition  to 
albuminous  matter,  calcium  carbonate,  which  is  present  in  the  fresh  saliva  in 
the  form  of  bicarbonate.  It  contains  small  quantities  (more  abundant  in  the 
horse)  of  a  globulin-like  body,  and  never  seems  to  be  without  CNKS,  /.  e.^ 
sulphocyanide  of  potassium  (or  sodium), — which,  however,  is  absent  in  the 
sheep  and  dog. 

[The  sulphocyanide  gives  a  dark  red  color  (ferric  sulphocyanide)  with  ferric  chloride,  and 
the  color  is  discharged  by  mercuric  chloride,  but  this  is  not  the  case  with  meconic  acid,  which 
gives  a  similar  color  reaction.]  It  also  reduces  iodic  aQid  when  added  to  saliva,  causii^  a 
yellow  color  firom  the  liberation  of  iodine,  which  may  be  detected  at  once  by  starch  \Solera]. 

Amongst  the  organic  substances  the  most  important  are  ptyalin,  a  small 
amount  of  urea^  and  traces  of  a  volatile  acid.  Mucin  is  absent,  hence  the 
parotid  saliva  is  not  sticky,  and  can  readily  be  poured  from  one  vessel  into 
another.  It  contains  1.5  to  1.6  per  cent,  of  solids  in  man,  of  which  0.3  to 
i.o  per  cent,  is  inorganic.  [It  does  not  contain  any  morphological  elements. 
Its  diastatic  action  is  more  powerful  in  man  than  that  of  the  sub-maxillary  gland, 
or  of  mixed  saliva.  Parotid  saliva  is  powerfully  diastatic  in  the  rodents  (guinea- 
pig,  rat,  mouse,  rabbit) ;  it  is  less  active  in  ruminants,  and  it  is  said  to  be 
inactive  in  the  sheep.     It  is  almost  inactive  in  the  dog  and  cat.] 

Of  the  inorganic  constituents — the  most  abundant  are  potassium  and  sodium  chlorides ;  then 
potassium,  sodium,  and  calcium  carbonates,  some  phosphates,  and  a  trace  of  an  alkaline 
sulphate. 

Salivary  calculi  are  formed  in  the  ducts  of  the  salivary  glands  owing  to  the  deposition  of 
lime-salts,  and  they  contain  only  traces  of  the  other  salivary  constituents ;  in  the  same  way  is 
formed  the  tartar  of  the  teeth,  which  contains  many  threads  of  leptothrix,  and  the  remains  of 
low  organisms  which  live  in  decomposing  saliva  in  carious  cavities  and  between  the  teeth. 

Method  of  obtaining  Saliva. — In  order  to  obtain  the  saliva  from  the  individual  grlands,  a 
thin  metallic  tube  or  cannula  is  introduced  into  the  corresponding  duct  On  making  masticatory 
movements,  or  on  stimulating  the  tongue  with  sapid  substances,  there  is  a  reflex  secretioo  of 
saliva  which  flows  out  by  the  tube. 

(^)  Sub-maxillary  saliva  is  obtained  by  placing  a  cannula  in  Wharton's 
duct;  it  is  alkaline,  and  may  be  strongly  so.  After  standing  for  a  time,  fine 
crystals  of  calcium  carbonate  are  deposited,  as  also  an  amorphous  albuniinoos 
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body.     It  always  contains  mucin  (which  is  precipitated  by  acetic  acid) ; 
hence,  it  is  usually  somewhat  stringy  and  viscid.     It  contains  ptyalin,  but  in 
less  amount  than  in  parotid  saliva ;  and,  according  to  Oehl,  only  0.0036  per 
cent,  of  potassium  sulphocyanide. 
Chemical  Composition. — Sub-maxillary  saliva  (dog) : 

Water,     .     .     .     991-45  per  1000. 
Organic  Matter,         2.89         *' 

Inorganic  Matter        c  66  I  ^'^^  ^^^^  ^"^  ^^^*^- 

inorganic  Matter,      5.00  |  ^^^  CaCO,,  Calcium  and  Magnesium  phosphates. 

Mixed  Saliva  Parotid  Sub-maxillary 

(Human)  (Human)  (Dog) 

{JacuSowitsck).  {Heppe-Seyltr).  {fierier). 

[Water,       99.U  99.32  99.44 

Solids. 0.49  0,68  0.56 

Soluble  organic  bodies  (ptyalin),  0.13    1  (0.066 

Epitbelimn,  mucin, 0.16   J  '^^  \0.17 

Inorganic  salts, 0.102  0.34                             0.43 

Potassic  sulphocyanide,  ....  0.006  0.03                            

Potassic  and  sodicchloi  ides,  .    .  0.084  ] 

Oases. — Pfliiger  found  that  100  cubic  centimetres  of  the  saliva  contained  0.6  O;  64.7  CO, 
(part  could  be  pumped  out,  and  part  required  the  addition  of  phosphoric  acid) ;  o.S  N ;  or,  in 
100  vol.  gas,  0.91  O;  97.88  CO,;  1. 21  N.  [It  therefore  contains  much  more  CO,  thin  venous 
blood.  Kaiz  obtained  from  100  c.c.  of  human  saliva  7  c.c.  of  gas — O  ■:^  i  c.c,  N  =  2.5  c.c. 
and  CO,  =  3.5  c.c.     Besides  this  there  is  40 — 60  c.c.  of  fixed  CO,  in  the  form  of  carbonates.] 

(r)  Sub-lingual  saliva  is  obtained  by  placing  a  very  fine  cannula  in  the 
ducttis  Rivinianus ;  it  is  strongly  alkaline  in  reaction,  very  sticky  and  viscid, 
contains  much  mucin,  numerous  salivary  corpuscles,  and  some  potassium 
sulphocyanide. 

147.  THE  MIXED  SALIVA  IN  THE  MOUTH.— The  mixed 
saliva  in  the  mouth  is  a  mixture  of  the 

secretions  from  the  salivary,  mucous  ,^  ^^     ^|v 

and  other  glands  of  the  mouth.  'iK^-^^^^^^^K^"^       -' 

i^i)  Physical  Characters. — It  is*         '^^W'^'^^     C^^ 

an     opalescent,     tasteless,     odorless,  ,^      \ '  a.'V;^7  €  ^^       e    ^^ 

slightly  glairy    fluid,   with  a  specific  '        vL^-^^^^J  ^  '  f^  v 

gravity  of  1004  to  1009,  and  an  alka-  ^^j     a      ^    J^^^>        ^  ^-J^ 

line  reaction  [due  to  alkaline  bicar-  ^^XA'    ^      v^V/^  ''^y^^h^\ 

bonates  and  phosphates].  The  amount  •••  ^^^fl^    e)    .        d^i  /^^ 

secreted  in  twenty-four  hours  =  200  to  ^^^vftL  ..   i  •*^''      --- 1  /;' 
1500  grams  (7  to  50  oz.);  according        ^♦^r'Jc  '•  ^^    /j^ 

to  Bidder  and  Schmidt,  however,  =  p.      « 

1000  to  2000  grams.     The  solid  con- 
stituents =  5. 8  per  1000.  Microscopic  characters  of  mixed  saliva  and  the 
"^       '^  buccal  secretion,     a,  epithelial  cells ;  ^,  sali- 

Composition. — The  solids  are: — Epithe-        vary  corpuscles;  c,   fat  droplets;  </,  leuco- 
Hom   aod   mucus,  2.2;  ptyalin  and  albumin,        cytes ;  ^,  spirochseta  buccalis ;/,  comma  bacil- 
1.4;  salts,  2.2;  potassium  sulphocyanide,  0.04        lus  of  the  mouth  ;  ^,  Leptothrix  buccalis;  A, 
per   1000.     The  ash  contains  chiefly  potash,         /,  Ji,  different  forms  of  fungi. 
pbo^>horic  acid,  and  chlorine  {Hammerbacher), 

Deconaposition  products  of  epithelium,  salivary  corpuscles,  or  the  remains  of  food,  may  render 
it  acid  temporarily^  as  after  long  fasting,  and  after  much  speaking ;  the  reaction  is  acid  in  some 
cases  of  dyspepsia  and  in  fever,  owing  to  the  stagnation  and  insufficient  secretion. 

(3)  Microscopic  Constituents. — {a)  The  salivary  corpuscles  are 
slightly  larger  than  the  white  blood-corpuscles  (8  to  1 1  /a),  and  are  nucleated  pro- 
toplasmic globular  cells  without  an  envelope  (fig.  185).  While  the  corpuscles  are 
living,  the  particles  in  their  interior  exhibit  molecular  or  Brownian  move- 
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ment.  The  dark  granules  lying  in  the  protoplasm  are  thrown  into  a  trembling 
movement,  from  the  motion  of  the  fluid  in  which  they  are  suspended.  This 
dancing  motion  stops  when  the  cell  dies. 

[The  Brownian  movements  of  these  suspended  granules  are  purely  physica],  and  are  ex- 
hibited by  all  fine  microscopic  particles  suspended  in  a  limpid  fluid,  /.  ^.,  gamboge  rubbed  up  in 
water,  particles  of  carmine,  charcoal,  etc.] 

{d)  Pavement  epithelial  cells  from  the  mucous  membrane  of  the  mouth  and  tongue;  thej 
are  very  abundant  in  catarrh  of  the  mouth  (fig.  185). 

(c)  Living  organisms,  which  live  and  thrive  in  the  cavities  of  the  teeth,  nourished  by  the 
remains  of  food.  Amongst  these  are  Leptothrix  buccalis  (figs.  171, 185)  and  small  bacteria- hke 
organisms.  The  threads  of  the  leptothnx  penetrate  into  the  canals  of  the  dentine,  and  produce 
dental  caries.  [Miller  has  found  twenty-five  varieties  of  micro-organisms,  including  coed  (lodo- 
coccus  vaginatus),  bacteria  (Bacillus  buccalis  maximus),  vibrios,  spirilla  (Spirillum  sputigenum), 
and  spirochaetse  (Spirochseta  dentium),  eight  of  them  present  in  the  stomach  and  twelve  in  the 
intestines.    The  Zooglea  form  of  Leptothrix  forms  the  yellow  scum  on  the  teeth.] 

(3)  Chemical  Properties.— (a)  Organic  Constituents. — Serum-cUbu- 

min  is  precipitated  by  heat  and  by  the  addition  of  alcohol.     In  saliva,  mixed 

with  much  water  and  shaken  up  with  CO,,  a  globulin-like  body  is  precipitated  ; 

mucin  occurs  in  small  amount.     Amongst  the  extractives,  the  most  important  is 

ptyalin;  fats  and  urea  occur  only  in  traces.     In   twenty-four  hours  130 

milligrams  of  potassium  or  sodium  sulphocyanide  are  secreted. 

[Mucin  makes  saliva  viscid.  It  b  precipitated  by  acetic  acid,  but  if  much  NaCl  be  added  an 
excess  of  acid  will  not  precipitate  it.  It  is  a  very  complex  body,  but  it  can  be  split  up  into  a 
proteid-like  body  and  a  carbohydrate  ({  250,  i).] 

ih)  Inorganic  Constituents. — Sodium  and  potassium  chlorides,  potassium 
sulphate,  alkaline  and  earthy  phosphates,  ferric  phosphate. 

,  According  to  Schdnbdn,  the  saliva  contains  traces  of  nitrites  (detected  by  adding  dilute  sul- 
phuric acid  and  diamido-benzol  to  dilute  saliva),  which  give  a  yellow  color  (Cries).  There  are 
also  traces  of  ammonia  (BrUcke). 

Abnormal  Constituents.— In  diabetes  mellitus,  lactic  acidy  derived  from  a  further  decom- 
position of  grape-sugar,  is  found.  It  dissolves  the  Hine  in  the  teeth,  giving  rise  to  diabetic  dental 
caries.  Frerichs  found  leucin^  and  Vulpian  increase  of  albumin  in  albuminuria.  Of  foreign  sub- 
stances taken  into  the  body,  the  following  appear  in  the  saliva :  Mercury,  potassium,  iodine,  and 
bromine. 

Saliva  of  New-Born  Children. — In  new-born  children,  the  parotid  alone 
contains  ptyalin.  The  diastatic  ferment  seems  to  be  developed  in  the  sub- 
maxillary gland  and  pancreas,  at  the  earliest,  after  two  months.  Hence,  it  is 
not  advisable  to  give  starchy  food  to  infants.  No  ptyalin  has  been  found  in  the 
saliva  of  infants  suffering  from  thrush  (Oldium  albicans — Zweifel),  The  dias- 
tatic action  of  saliva  is  not  absolutely  necessary  for  the  suckling,  feeding  as  it 
does  upon  milk.  The  mouth  during  the  first  two  months  is  not  moist,  but  at 
a  later  period  saliva  is  copiously  secreted  {Korowin^ ;  after  the  first  six  months 
the  salivary  glands  increase  considerably.  The  eruption  of  the  teeth— owing 
to  the  irritation  of  the  mucous  membrane — produces  a  copious  secretion  of 
saliva. 

148.  PHYSIOLOGICAL  ACTIONS  OF  SALIVA.— I.  Diastatic 

Action. — The  most  important  chemical  action  exerted  by  saliva  in  digestion 
is  its  diastatic  or  amylolytic  action  {Leuchs^  1831),  /.  ^.,  the  transformation  of 
starch  into  dextrin  and  some  form  of  sugar.  This  is  due  to  the  ptyalin — a 
hydrolytic  ferment  or  enzyme — which,  even  when  it  is  present  in  very 
minute  quantity,  causes  starch  to  take  up  water  and  become  soluble,  the  fer- 
ment itself  undergoing  no  essential  change  in  the  process.  [Ptyalin  belongs  to 
the  group  of  unorganized  ferments  (§  250,  9).  Like  all  other  ferments,  it  acts 
only  within  a  certain  range  of  temperature,  being  most  active  about  40**  C. 
Its  energy  is  permanently  destroyed  by  boiling.  It  acts  best  in  a  slightly  alka- 
line or  neutrsd  medium.] 
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II.  Saliva  dissolves  those  substances  which  are  soluble  in  water ;  its  alkaline 
reaction  enables  it  to  dissolve  some  substances  which  are  not  soluble  in  water 
alone,  but  require  the  presence  of  an  alkali. 

III.  Saliva  moistens  dry  food  and  aids  mastication  and  the  formation  of  the 
"  bolus,"  while  by  its  mucin  it  helps  the  act  of  swallowing,  the  mucin  being 
given  olT  unchanged  in  the  fxces.     The  ultimate  fate  of  ptyalin  is  unknown. 

[IV.  Saliva  also  aids  articulation,  and  according  to  Liebig  it  carries  down  into 
the  stomach  small  quantities  of  O.] 

[V.  It  is  necessary  to  the  sense  of  taste  to  dissolve  sapid  substances,  and  bring 
them  into  relation  with  the  end-organs  of  the  nerves  of  taste.] 

Saliva  has  no  action  on  proteids  or  on  &ts. 

The  presence  of  ■  peptnne-foniiing  fennent  has  recentlj'  been  detected  in  uUva  {ffSfiur, 
Mtmt,  JCShne),     [Perfecitf  faeallhy  human  wliva  has  no  poisonous  properties.] 

[Action  of  Saliva  on  Starch. — Starch-grains  consist  of  granulose  or 
starch  enclosed  by  coats  of  cellulose.  Starch -grains,  e.g.,  of  the  potato,  con- 
sist of  oval  microscopic  granules  with  concentric  markings  arrangied  in  a  lob- 
sided  manner  around  an  eccentrically  placed  spot,  the  hilum  (fig.  186).  Cellu- 
lose does  not  appear  to  be  affected  by  saliva,  so  that  saliva  acts  but  slowly  on 
raw  unboiled  starch.  If  the  starch  be  boiled  so  as  to  swell  up  the  starch- 
grains,  and  nipture  the  cellulose  envelopes,  Che  amylolytic  action  takes  place 
rapidly.  If  starch-paste  or  starch-mucilage,  made  by  boiling  starch  in  water, 
be  acted  upon  by  saliva,  especially  at  the  temperature  of  the  body,  the  first 
physical  change  observable  is  the  liquefaction  of  the  paste,  the  mixture  be- 
coming more  fluid  and  transparent.  The  change  takes  place  in  a  few  minutes. 
When  the  action  is  continued,  important  chemical  changes  occur.] 

According  to  O'Sullivan,  Musculus,  and  v.  Mering,  the  diastatic  ferment  of 
saliva  (and  of  the  pancreas),  by  acting  upon  starch  or  glycogen,  forms  dextrin 
and  maltose  (both  soluble  in  water).     Several  closely  allied  varieties  of  dex- 
trin, distinguishable  by  their  color-reactions,  seem  to  be  produced  (^Br&cke). 
Erythrodextrin  is  formed  first,  tt  gives  a  red  color  with  iodine ;  then  a 
reducing  dextrin — achroodextrin,  which  gives  no  color -react  ion  with  iodine. 
The  sugar  formed  by  the  action  of  ptyalin  upon  starch  is  maltose  (C|,H„Oi,- 
+  H,0),  which  is  dis- 
tinguished  from  grape- 
sugar  (C„HmO„)  by  con- 
taining one  molecule  less 
of  water,   which,  how-   e 
ever,  it  holds  as  a  mole- 
cule of  water  of  hydra-  t 
tion.     [Maltose  also  dif- 
fers from  grape-sugar  in  m^ 
itsgreatcrrotatorypower   *  ^^  *S? 
on   polarized  light,  the                                                       w» 
former  =  -|-  150°,  the                                       Fig.  186. 
latter  +  sft**,  and   in  its                              Grains  of  potato-atarch  x  300. 
smaller  power  of  reduc- 
ing  cupric  oxide,  the  ratio  begin  100  :  61.     Thus,  between  the  original  starch 
and  the  final  product,  maltose,  several  intermediate  bodies  arc  formed.     The 
starch  gives  a  blue  with  iodine,  but  after  it  has  been  acted  on  for  a  time  it  gives 
a  red  or  violet  color,  indicating  the  presence  of  erythrodextrin,  there  being  a 
simultaneous  production  of  sugar ;  but  ultimately  no  color  is  obtained  on  add- 
ing   iodine — achroodextrin,  which  gives  no  color  with  iodine, — -and  maltose 
being  formed.     The  presence  of  the  maltose  is  easily  determined  by  testing 
with  Fehling's  solution.] 
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[Brown  and  Heron  suggest  that  the  final  result  of  the  transformation  may  be 
represented  by  the  equation — 

io(C,H^O,o)  +  8H,0  =  8(C,,H,  Ai)  +  2(C,,H,,0,,) 
Soluble  starch.         Water.  Maltose.  Achroodextrin. 

The  ferment  slowly  changes  maltose  into  grape-sugar  or  dextrose.  This 
result  may  be  brought  about  much  more  rapidly  by  boiling  maltose  with  dilute 
sulphuric  or  hydrochloric  acid.]  Achroodextrin  ultimately  passes  into  maltose, 
and  this  again  into  dextrose ;  the  other  form  of  dextrin  does  not  seem  to 
undergo  this  change  (Seegen's  Dystropodextrin).  For  the  further  changes 
that  maltose  undergoes  in  the  intestine,  see  §  183,  II.  2. 

[Action  of  Acid  on  Starch. — Starch  may  be  converted  into  dextrin  and 
sugar  by  boiling  it  with  a  dilute  acid,  ^.  ^.,  HCl,  but  there  is  a  difference 
between  this  hydration  producing  an  acid  and  that  produced  by  a  ferment  like 
ptyalin.  In  the  former  case  the  sugar  produced  is  wholly  dextrose,  no  maltose 
being  formed.] 

fThe  formula  of  starch  is  usually  expressed  as  C^HjqO^,  but  the  researches  already  mentioned, 
and  those  of  Brown  and  Heron,  make  it  probable  that  it  is  more  complex,  which  we  may  pro- 
visionally represent  by  wC^H^Ou).  According  to  Musculus  and  Meyer,  erythrodextrin  is  a 
mixture  of  dextrin  and  soluble  starch.] 

Preparation  of  Ptyalin. — (i)  Like  all  other  hydrolytic  ferments,  it  is  carried  down  with  any 
copious  precipitate  that  is  produced  in  the  fluid  which  contains  it,  and  it  can  be  isolated  from 
the  precipitate.  The  saliva  is  acidulated  with  phosphoric  acid,  lime-water  is  added  until  the 
reaction  becomes  alkaline,  when  a  precipitate  of  the  basic  calcium  phosphate  occurs,  which 
carries  the  pytalin  along  with  it.  This  precipitate  b  collected  on  a  filter,  washed  with  water, 
which  dissolves  the  ptyalin,  and  from  its  watery  solution  it  is  precipitated  by  alcohol  as  a  white 
powder.     It  is  redissolved  in  water  and  reprecipitated  and  is  obtained  pure  {CcAnArim), 

(2)  Glycerin  or  v.  Wittich's  Method. — ^The  salivary  glands  [rat]  are  chopped  up,  placed 
in  absolute  alcohol  for  twenty-four  hours,  taken  out  and  dried,  and  afterwards  placed  in  glycerin 
for  several  days,  which  extracts  the  ptyalin.  It  is  precipitated  by  alcohol  from  the  glycerin 
extract. 

(3)  William  Roberts  recommends  the  following  solutions  for  extracting  ferments  from  organs 
which  contain  them : — ( i )  A  3  to  4  per  cent,  solution  of  a  mixture  of  2  parts  of  boracic  acid 
and  I  part  borax.  (2)  Water,  with  12  to  15  per  cent,  of  alcohol.  (3)  I  part  chloroform  to  200 
of  water. 

Conditions  affecting  the  Diastatic  Action  of  Saliva. — {a)  The  diastatic  or  sugar-form- 
ing action  is  known  by — ( i )  The  disappearance  of  the  starch.  When  a  small  quantity  of 
starch  is  boiled  with  several  hundred  times  its  volume  of  water,  starch  muciWe  is  obtained, 
which  strikes  a  blue  color  with  iodine.  If  to  a  small  quantity  of  this  starch  a  sufficient  amount 
of  saliva  be  added,  and  the  mixture  kept  for  some  time  at  the  temperature  of  the  body,  the  blue 
color  disappears.     (2)  The  presence  of  sugar  is  proved  directly  by  using  the  tests  for  sugar 

a  149). 

(6)  The  action  takes  place  more  slowly  in  the  co/d  than  at  the  temperature  of  the  body — ^its 

action  is  enfeebled  at  55®  C,  and  destroyed  at  75®  C.  (PascAu/tn),     The  most  favorable  temper- 
ature is  35°  to  39®  C. 

(c)  The  ptyalin  itfelf  does  not  seem  to  be  changed  during  its  action,  but  ptyalin  which  has 
been  used  for  one  experiment  is  less  active  when  used  the  second  time  (Paschutin). 

Ptyalin  differs  from  diastase — the  ferment  in  germinating  grains — in  so  far  that  the  latter  first 
begins  to  act  at  -\-  66°  C.  Ptyalin  decomposes  salicin  into  saligenin  and  grape-sugar  {^Frericks 
and  St&dler), 

(d)  Saliva  acts  best  in  an  exactly  neutral  medium,  but  it  also  acts  in  an  alkaline  and  eren  in 
a  slightly  acid  fluid ;  strong  acidity  prevents  its  action.  The  ptyalin  is  only  active  in  the  stomach 
when  the  acidity  is  due  to  organic  acids  (lactic  or  butjrric),  and  not  when  free  hydrochloric  acid 
is  present  {van  de  Velde).  In  both  cases,  however,  dextrin  is  formed.  Ptyalin  is  destroyed  by 
hydrochloric  acid  or  digestion  by  pepsin  (Chittenden  and  Griswold^  Langley).  Even  b«it3rric 
and  lactic  acids  formed  from  grape-sugar  in  the  stomach  may  prevent  its  action ;  but  if  the  acidity 
be  neutralized,  the  action  is  resumed  (C/.  Bernard). 

{e)  The  addition  of  common  salt,  ammonium  chloride,  or  sodium  sulphate  (4  per  cent,  solu- 
tion], increases  the  activity  of  the  ptyalin,  and  COj*  acetate  of  quinine,  strychnia,  morphia, 
curare,  0.025  per  cent,  sulphuric  acid,  have  the  same  effect. 

(f)  Much  alcohol  and  caustic  potash  destroy  the  ptyalin :  long  exposure  to  the  air  weakens  its 
action,  sodium  carbonate  and  magnesium  sulphate  delay  the  action  (Pfeiffer).  Salicylic  acid 
and  much  atropin  arrest  the  formation  of  sugar. 
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(^)  Ptyalin  acts  very  feebly  and  very  gradually  upon  raw  starch,  only  after  2  to  3  hours 
{Sckif) ;  while  upon  boiled  starch  it  acts  rapidly.  [Hence  the  necessity  for  boiling  thoroughly 
all  starchy  foods.] 

'  {k)  The  various  kinds  of  starch  are  changed  more  or  less  rapidly  according  to  the  amount  of 
celloIoM  which  they  contain;  raw  potato  starch  after  2  to  3  hours,* raw  maize  starch  after  2  to  3 
minutes  (Hammarsten)  \  wheat  starch  more  quickly  than  that  of  rice.  When  the  starches  are 
powdered  and  boiled,  they  are  changed  with  equal  rapidity. 

(1)  A  mixture  of  the  saliva  from  all  the  glands  is  more  active  than  the  saliva  from  any  single 
gland  (Jakudowitsch)^  while  mucin  is  inactive. 

[(/')  The  action  of  ptyalin,  Itke  all  such  ferments,  is  hindered  by  the  products  of  its  own  action. 
As  the  sugar  accumulates,  the  action  of  the  ptyalin  is  slowed  or  arrested.  If  the  sugar  formed 
be  removed  the  ptyalin  again  acts  on  the  remainder  of  the  starch.] 

[Effect  of  Tea. — Tea  has  an  intensely  inhibitory  effect  on  salivary  digestion,  which  is  due  to 
the  large  quantity  of  tannin  contained  in  the  tea-leaf.  Coffee  and  cocoa  have  only  a  slight 
effect  on  salivary  digestion.  The  only  way  to  mitigate  the  inhibitory  effect  of  tea  on  salivary 
dice<tion  is  '*not  to  sip  the  beverage  with  the  meal,  but  to  eat  first  and  drink  afterwards" 
{Robert5).'\ 

149.  TESTS  FOR  SUGAR.— I.  Trommer's  test  depends  upon  the 
fact  that,  in  alkaline  solutions,  sugar  acts  as  a  reducing  agent ;  in  this 
case  a  metallic  oxide  is  changed  into  a  suboxide.  To  the  fluid  to  be  investi- 
gated, add  y^  of  its  volume  of  a  solution  of  caustic  potash  (soda),  specific 
gravity  1.25,  and  a  few  drops  of  a  weak  solution  of  cupric  sulphate,  which 
causes  at  first  a  bluish  precipitate,  consisting  of  hydrated  cupric  oxide,  but  it  is 
redissolved,  giving  a  clear  blue  fluid,  if  sugar  be  present.  Heat  the  upper 
stratum  of  the  fluid,  and  a  yellow  or  red  ring  of  cuprous  oxide  is  obtained, 
which  indicates  the  presence  of  sugar ;  2CuO  —  O  =  CujO. 

The  solution  of  hydrated  cupric  oxide  is  caused  by  other  organic  substances ;  but  the  final 
stage,  or  the  (production  of  cuprous  oxide,  is  obtained  only  with  certain  sugars — grape-,  fruit- 
and  milk-  (but  not  cane-)  sugar.  Fluids  which  are  turbid  must  be  previously  filtered,  and  if 
they  are  highly  colored,  they  must  be  treated  with  basic  lead  acetate ;  the  lead  acetate  is  after- 
wards removed  by  the  addition  of  sodium  phosphate  and  subsequent  filtration.  If  very  small 
quantities  of  sugar  are  present  along  with  compounds  of  ammonia,  a  yellow  color  instead  of  a 
yellow  precipitate  may  be  obtained.  In  doing  the  test,  care  must  be  taken  not  to  add  too  much 
cupric  sulphate. 

[2.  Fehling's  Solution  is  an  alkaline  solution  of  potassio-tartrate  of 
copper.  Boil  a  small  quantity  of  the  deep-blue-colored  Fehling's  solution  in 
a  test-tube,  and  add  to  the  boiling  test  a  few  drops  of  the  fluid  supposed  to  con- 
tain the  sugar.  If  sugar  be  present,  the  copper  solution  is  reduced,  giving  a 
yellow  or  reddish  precipitate.  The  reason  for  boiling  the  test  itself  is,  that  the 
solution  is  apt  to  decompose  when  kept  for  some  time,  when  it  is  precipitated 
by  heat  alone.  This  is  one  of  the  best  and  most  reliable  tests  for  the  presence 
of  sugar.  In  Pavy's  modification  of  this  test,  ammonia  is  used  instead  of  a 
caustic  alkali  (§  267).] 

(3)  Bottler's  Test. — Alkaline  bismuth  oxide  solution  is  best  prepared,  according  to  Ny- 
lander,  as  follows : — 2  grms.  bismuth  subnitrate,  4  grms.  potassic  and  sodic  tartrate,  loo  grms, 
caustic  soda  of  8  per  cent.  Add  I  c.c.  to  every  10  c.c.  of  the  fluid  to  be  investigated.  When 
boiled  for  several  minutes,  the  sugar  causes  the  reduction  and  deposits  a  black  precipitate  of 
metallic  bismuth.  [According  to  Salkowski  the  urine  of  a  person  taking  rhubarb  gives  the  same 
reaoion  with  this  test.] 

(4)  Moore  and  Heller's  Test. — Caustic  potash  or  soda  is  added  until  the  mixture  is 
strongly  alkaline ;  it  is  afterwards  boiled.  If  sugar  be  present,  a  yellow,  brown,  or  brownish- 
black  coloration  is  obtained.  If  nitric  acid  be  added,  the  odor  of  burned  sugar  (caramel)  and 
formic  acid  is  obtained. 

(5)  Mulder  and  Neubauer's  Test. — A  solution  of  indigo-carmine,  rendered  alkaline  with 
sod»c  carlxmate,  is  added  to  the  sugar  solution  until  a  slight  bluish  color  is  obtained.  When  the 
mixture  is  heated,  the  color  passes  into  purple,  red,  and  yellow.  When  shaken  with  atmospheric 
air,  the  fluid  again  becomes  blue. 

Molisch*s  Test. — To  5  ccm.  of  the  fluid  add  2  drops  of  a  17  per  cent,  alcoholic  solution 
of  a>naphthol,  or  a  solution  of  thymol.  Add  I  to  2  ccm.  of  concentrated  sulphuric  acid,  and 
shake  iJie  mixture.     The  presence  of  sugar  colors  the  a-naphthol  mixture  deep  violet,  the 
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thymol  deq>  red.  The  subsequent  addition  of  water  causes  a  precipitate  of  similar  color,  whidi 
is  insoluble  in  concentrated  hydrochloric  acid.  Albumin,  casern,  and  peptone  give  the  same  re- 
action {Seegen)t  but  the  deposit  on  the  addition  of  water  is  soluble  in  concentrated  hydro- 
chloric acid. 

Other  tests,  including  the  Phenyl-hydrazin  test,  are  described  in  {  267. 

In  all  cases  where  albumin  is  present  it  must  be  removed — in  urine  by  acidulating  with  acetic 
acid  and  boiling ;  in  blood,  by  adding  four  times  its  volume  of  alcohol  and  afterwards  filtering, 
while  the  alcohol  is  expelled  by  heat.  [If  peptone  be  present  the  cuprous  oxide  may  not  be 
precipitated  on  boiling.  The  mixture  must  be  evaporated  down,  the  sugar  dissolved  out  by  al- 
cohol, and  the  test  for  sugar  applied  to  a  watery  solution  of  the  alcoholic  extract] 

150.  QUANTITATIVE    ESTIMATION   OF    SUGAR.— I.  By  FermcnUtion.- 

In  the  glass  vessel  (Bg.  187,  a)  a  measured  quantity  (20  ccm.)  of  the  fluid  (sugar)  is  placed 

along  with  some  yeast,  while  b  contains  concentrated  snl- 
'phuric  acid.  The  whole  apparatus  is  then  weighed.  When 
exposed  to  a  sufficient  temperature  (10^  to  40**  C.),  the  sugar 
splits  into  2  molecules  of  idcohol  and  2  of  carbon  dioxide, 

C,H„0,  =  a(C,H,0)  +        a(CO,). 

Grape-sugar  ^     a  alcohol       -f   >  carbon  dioxide ; 

and  in  addition  there  are  formed  traces  of  glycerin  and  suc- 
cinic acid.  The  CO,  escapes  from  3,  and  as  it  passes  through 
the  HjSO^,  the  CO,  yields  to  the  latter  its  water.    The  appa- 
Fig.  187.  ratus  is  weighed  after  two  days,  when  the  reaction  is  ended. 

Apparatus  for  the  quantitative  and  the  amount  of  sugar  is  calculated  from  the  loss  of  weight 
estimation  of  sugar  by  fer-  in  the  20  ccm.  of  fluid.  100  parts  of  water-firee  sugar  = 
mentation.  48.89  parts  CO,,  or  100  parts  CO,  correspond  to  204.54  pans 

of  sugar. 

II.  Titration. — By  means  of  Fehling's  solution,  which  is  made  of  such  a  strength  that  all 
the  copper  in  10  cubic  centimetres  of  the  solution  b  reduced  by  0.05  gram  of  grape-sugar 
(I  267). 

III.  Circumpolarization. — The  saccharimeter  of  Soleil-Ventzke  may  be  used  to  deter- 
mine the  amount  of  sugar  present.  It  may  also  be  used  for  the  quantitative  estimation  of 
albumin.  Sugar  rotates  the  ray  of  polarized  light  to  the  right  and  albumin  to  the  left.  The 
amount  of  rotation,  or  "  specific  rotatory  power,'*  is  directly  proportional  to  the  amount  of  the 
rotating  substance  present  in  the  solution,  so  that  the  amount  of  rotation  of  the  ray  indicates 
the  amount  of  the  substance  present.  By  the  term  **  specific  rotatory  power  "  b  meant  the 
degree  of  rotation  which  is  pixxiuced  by  i  grm.  of  the  substance  dissolved  in  I  ccm.  of  water, 
when  examined  in  a  layer  i  decimetre  thick.  For  yellow  light  the  specific  rotation  of  grape- 
sugar  b  -f-  56°. 

In  fig.  i8i8  the  light  from  the  lamp  falls  upon  a  crystal  of  calc-spar.  Two  NicoVs  prisms  are 
placed  at  v  and  s^vvs  movable  round  the  axb  of  vision,  while  s  b  fixed.  In  m  SoleiPs  double 
plate  of  quartz  b  placed,  so  that  one-half  of  it  rotates  the  ray  of  polarized  light  as  much  to  the 
right  as  the  other  rotates  it  to  the  left.  In  if  the  field  of  vision  is  covered  by  a  plate  of  Ufi- 
rotatory  quartz.  At  3  ^  is  the  compensator^  composed  of  two  right -rotatory  prisms  of  quartz, 
which  can  be  displaced  laterally  by,  the  milled  head,  g^  so  that  the  polarized  light  passing 
through  the  apparatus  can  be  made  to  pass  through  a  thicker  or  thinner  layer  of  quartz.  When 
these  right-rotatory  prisms  are  placed  in  a  certain  position,  the  rotation  of  the  left-rotatory 
quartz  at  n  is  exactly  neutralized.  In  this  position  the  scale  on  the  compensator  has  its  nonius 
exactly  at  0,  and  both  halves  of  the  double  plate  at  m  appear  to  have  the  same  color  to  the 
observer,  who  firom  v  looks  through  the  telescope  placed  at  e.  Rotate  the  Nicol's  prism  at  v 
until  a  bright  rose-colored  field  b  obtained.  In  this  position  the  telescope  must  be  so  adjused 
that  the  vertical  line  bounding  the  two  halves  shall  be  dbtinaly  vbible.  The  apparatus  b  now 
ready  for  use. 

Fill  a  tube,  i  decimetre  in  length,  with  urine  containing  sugar  or  albumin,  the  urine  beinj 
perfectly  clear.  The  tube  is  placed  between  m  and  ».  By  rotating  the  Nicol's  prisms,  v^  the 
rose*  color  is  again  obtained.  The  compensator  at^is  then  rotated  until  both  halves  of  the 
field  of  vision  have  exactly  the  same  color.  When  this  is  obtained,  read  off  on  the  scale  the 
number  of  degrrees  the  nonius  is  displaced  to  the  right  f  sugar)  or  to  the  left  (albumin)  from  zeto. 
The  number  of  degrees  indicates  directly  the  number  of  grrams  of  the  rotating  substance 
present  in  100  cc.  of  the  fluid.  If  the  fluid  is  very  dark  colored,  it  must  be  decolorized  by 
filtering  it  through  animal  charcoal  (Seegen)^  [or  the  coloring  matter  may  be  precipitated  by  the 
addition  of  lead  acetate.]  If  the  sugary  urine  contains  albumin,  the  latter  must  be  removed  by 
boiling  and  filtration.  A  turbidity  not  removed  by  filtration  may  be  got  rid  of  by  adding  a  drop 
of  acetic  acid  or  several  drops  of  sodic  carbonate  or  milk  of  lime,  and  afterwards  filtering.  [One 
may  also  employ  the  apparatus  of  Mitscherlich,  or  the  "  half-shadow  apparatus  "  of  Laurent] 
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151.    MECHANISM  OP  THE  DIGESTIVE  APPARATUS.— 

This  embrace!  the  following  acts : — 

1.  The  introduction  and  mastication  of  the  food;   the  movements  of  the 

tongue ;  insalivation  ;  formation  of  the  bolus  of  food. 

2.  Deglutition. 

3.  The  movements  of  the  stomach,  small  and  large  intestine. 

4.  The  excretion  of  focal  matters. 


□  ippantos. 

i5«.  INTRODUCTION  OF  THE  FOOD.— Fluids  are  taken  into 
the  mouth  in  three  ways: — (i)  By  suction,  the  lips  are  applied  air-tight  lo 
the  vessel  containing  the  fluid,  while  the  tongue  is  retracted  (the  lower  jaw 
being  often  depressed)  and  acts  like  the  piston  in  a  suction-pump,  thus  causing 
the  flnid  to  enter  the  mouth,  Herz  found  that  the  negative  pressure  caused  by 
an  infant  while  sucking  ^^  3  to  lo  mm.  Hg.  (1)  The  fluid  is  lapped  when  it 
is  brought  into  direct  contact  with  the  lips,  and  Is  raised  by  aspiration  and 
mixed  with  air  so  as  to  produce  a  characteristic  sound  in  the  mouth.  (3) 
Fluid  may  be  poured  into  the  mouth,  and  as  a  general  rule,  the  lips  are  applied 
closely  to  the  vessel  containing  the  fluid. 
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Solids,  when  they  consist  of  small  particles,  are  licked  up  with  the  lips, 
aided  by  the  movements  of  the  tongue.  In  the  case  of  large  masses,  a  part  is 
bitten  off  with  the  incisor  teeth,  and  is  afterwards  brought  under  the  action  of 
the  molar  teeth  by  means  of  the  lips,  cheeks,  and  tongue. 

153.  MASTICATION. — The  process  of  mastication  is  a  complicated 
co-ordinate  muscular  act  carried  out  under  the  direction  of  the  central  nervous 
system,  with  the  aid  of  guiding  sensations  originating  in  the  structures  of  the 
mouth. 

The  articulation  of  the  jaw  is  provided  with  an  interaiticular  cartilage— the  meniscus — which 
prevents  direct  pressure  being  made  upon  the  articular  surface  when  the  jaws  are  energeticallj 
•closed,  and  which  also  divides  the  joint  into  two  cavities,  one  lying  over  the  other.  The  capsule 
is  so  lax  that,  in  addition  to  the  raising  and  depressing  of  the  lower  jaw,  it  permits  of  the  lower 
jaw  being  displaced  forwards,  whcrAy  the  meniscus  moves  with  it,  and  covers  the  articular 
surface. 

The  process  of  mastication  embraces: — (a)  The  elevation  of  the 
jaw,  accomplished  by  the  combined  action  of  the  Temporal,  Masseter,  and 
Internal  Pterygoid  Muscles.  If  the  lower  jaw  was  previously  so  far  depressed 
that  its  articular  surface  rested  upon  the  tubercle,  it  now  passes  backwards  upon 
the  articular  surface. 

(^)  The  depression  of  the  lo^ve^  ja^v  is  caused  by  its  own  weight,  aided 
by  the  action  of  the  anterior  bellies  of  the  Digastrics,  the  Mylo-  and  Genio- 
hyoid and  Platysma.  The  muscles  act  especidly  during  forcible  opening  of 
the  mouth.  The  necessary  fixation  of  the  hyoid  bone  is  obtained  through  the 
action  of  the  Omo-  and  Stemo-hyoid,  and  by  the  Sterno-thyroid  and  lliyro- 
hyoid. 

When  the  articular  surface  of  the  lower  jaw  passes  forwards  on  to  the  tubercle,  the  £xtemil 
Pterygoids  actively  aid  in  producing  this  {^BSrard). 

(c)  Displacement  of  the  Articular  Surfaces. — During  rest,  when  the 
mouth  is  closed,  the  incisor  teeth  of  the  lower  jaw  are  within  the  arch  of  the 
upper  incisors.  When  in  this  position  the  jaw  is  protruded  by  the  External 
Pterygoids,  whereby  the  articular  surface  passes  on  to  the  tubercle  (and,  there- 
fore, downwards),  while  the  lateral  teeth  are  thereby  separated  from  each  other. 
The  jaw  is  retracted  by  the  Internal  Pterygoids  without  any  aid  from  the  pos- 
terior fibres  of  the  Temporals.  When  one  articular  surface  is  carried  forwards, 
the  jaw  is  protruded  and  retracted  by  the  External  and  Internal  Pterygoid  of 
the  same  side.  At  the  same  time,  there  is  a  transverse  movement,  whereby  the 
back  teeth  of  the  protruded  side  are  separated  from  each  other. 

During  mastication,  the  individual  movements  of  the  lower  jaw  are  variously 
combined,  and  especially  with  lateral  grinding  movemerits,  while  the  food  to- 
be  masticated  is  kept  from  passing  outwards  by  the  action  of  the  muscles  of 
the  lips  (Orbicularis  oris)  and  the  Buccinators,  while  the  tongue  continually 
pushes  the  particles  between  the  molar  teeth.  The  energy  of  the  muscles  of 
mastication  is  regulated  by  the  sensibility  of  the  teeth,  and  the  muscular 
sensibility  of  the  muscles  of  mastication,  as  well  as  by  the  general  sensibility  of 
the  mucous  membrane  of  the  mouth  and  lips.  At  the  same  time,  the  mass  is 
mixed  with  saliva,  the  divided  particles  cohere,  and  are  formed  into  a  mass  or 
bolus,  of  a  long,  oval  shape,  by  the  muscles  of  the  tongue.  The  bolus  then 
rests  on  the  back  of  the  tongue,  ready  to  be  swallowed. 

Nerves  of  Mastication. — The  muscles  of  mastication  receive  their  motor  nerves  from  the 
third  branch  of  the  trigeminus,  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric  being  sup- 
plied from  the  same  source.  The  genio-,  omo-,  and  sternohyoid,  sterno-thyroid,  and  thyn> 
fayoid  are  supplied  by  the  hypoglossal,  while  the  facial  supplies  the  posterior  belly  of  the  digastric, 
the  stylo-hyoid,  the  platysma,  the  buccinator,  and  the  muscles  of  the  lips.  The  general  centre 
ibr  the  muscles  of  mastication  lies  in  the  medulla  oblongata  (J  367). 

When  the  mouth  is  closed,  the  jaws  are  kept  in  contaa  by  the  pressure  of  the  air,  as  the 
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caiiljr  of  the  moulh  M  rendered  free  from  air.  and  (he  eatraoce  of  air  is  prevented  anleriorljr 
t^  ihe  lips  and  posteriori;  b;  the  soli  palate.  The  pressure  exerted  by  the  air  is  from  3  to  4 
mm.  Hg.  {Mrlzger  and  Dondirs). 

[Effect  on  the  Circulation. — Marey  found  that  mastication  trebled  the  velodty  of  the  blood- 
cnnent  in  the  canilid  (hone),  while  Fran i;ois- Frank  observed  that  the  circulation  of  the  brain 
(Id  man^  i^  increased ;  hence  it  is  evident  that  mastication  impliea  an  incTCSsed  (upply  of  blood 
to  [he  DBve-ccnlies.] 

154-  STRUCTURE  AND  DEVELOPMENT  OF  THE  TEETH. 

—[Each  looth  consists  oi  a  portion  above  the  gum  and  termed  the  crown,  a 
part  imbedded  in  the  gum,  the  fang,  and  a  narrow  neck  connecting  these  two.] 
A  tooth  is  just  a  papilla  of  the  mucous  membrane  of  (he  gum,  which  has  under- 
gone a  characteristic  development.     In  its  simplest  form,  as  in  the  teeth  of  the 


fig.  1S9.  Fig.  190. 

Fig.  189. — Longiiudiaal  section  of  an  incisor  tooth.  Fig.  190. — Transverse  section  of  dentine. 
The  Ught  rings  are  the  najls  of  the  dentinal  tubules ;  the  dark  centres  with  the  light  points 
are  ibe  fibres  of  Tomes  lying  in  the  tubules.     Fig.  191. — Interglobular  spaces  in  dentine. 

lamprey,  the  connective-tissue  basis  of  the  papilla  is  covered  with  many  layers 
of  corneous  epithelium.  In  human  teeth,  part  of  the  papilla  is  transformed 
into  a  layer  of  calcified  dentine,  while  the  epithelium  of  the  papilla  produces 
the  enamel,  the  fang  of  the  looth  being  covered  by  a  thin  accessory  layer  of 
bone,  the  cnista  petrosa  or  cement. 

The  dentine  or  ivory  which  surrounds  the  pulp-cavity  and  the  canal  of  the 
&ng  (fig,  189)  is  very  firm,  elastic,  and  brittle.  Dentine,  like  the  matrix  of 
bone,  when  treated  in  a  certain  way,  presents  a  fibrillar  structure.  It  is  per- 
meated by  innumerable  long,  tortuous,  wavy  tubes — the  dentinal  tubules — 
each  of  which  communicates  with  the  pulp-cavity  by  means  of  a  fine  opening 
and  passes  more  or  less  horizontally  outwards  as  far  as  the  outer  layers  of  the 
dentine.  The  tubules  are  bounded  by  an  extremely  resistant,  thin,  cuticular 
membrane,  which   strongly  resists  the  action    of   chemical    reagents.     These 
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tubules  are  filled  completely  by  soft  fibres,  the  "  fibres  of  Tomes,"  which 
are  merely  greatly  elongated  and  branched  processes  of  the  odontoblasts  of 
the  pulp. 

The  dentinal  tubes,  as  well  as  the  fibres  of  Tomes,  anastomose  throughout 
their  entire  extent  by  means  of  fine  processes.  As  the  fibres  approach  the 
enamel,  which  they  do  not  penetrate,  some  of  them  bend  on  themselves,  and 
form  a  loop  (fig.  193,  c),  whilst  others  pass  into  the  "  interglobular  spaces  " 
(fig.  191),  which  are  so  abundant  in  the  outer  part  of  the  dentine.  The  inter- 
globular spaces  are  small  spaces  bounded  by  curved  surfaces.  Certain  curved 
lines,  "Schreger's  lines,"  may  be  detected  with  the  naked  eye  in  the  dentine 
(e.g.,  of  the  elephant's  tusk)  running  parallel  with  the  contour  of  the  tooth. 
They  are  caused  by  the  fact  that  at  these  parts  all  the  chief  curves  in  the 
dentinal  tubules  follow  a.  similar  course. 

The  enamel,  the  hardest  sul>stance  in  the  body  (resembling  apatite),  coveis 
the  crown  of  the  teeth.  It  consists  of  hexagonal  flattened  prisms  arranged 
side  by  side  likea  palisade  (fig.  193,  B^ndC).     They  are  3  to  5  fi  (.s^if  '''*^^) 


Fig- 193 

Fig.  192. — Section  of  a  tooth  belwecQ  (he  dcnline  and  enamel,  a.  enamel;  f.deniiaal  tobalet; 
B,  enamel  prisms  highly  mngniiied ;  C,  iransvene  sections  of  enamel  prisms.  Fig.  193.— 
Transverse  lections  of  the  lang.  a,  cement  with  bone  corpuscles ;  b,  dentine  with  InbuleSi 
(-,  boundary  between  both. 

broad,  not  quite  uniform  tn  thickness,  curved  slightly  in  diS^erent  directioos, 
and,  owing  to  inequalities  of  thickness,  they  exhibit  transverse  markings. 
They  are  elongated  calcified,  cylindrical,  epithelial  cells.  Retzius  de- 
scribed dark-brown  lines  running  parallel  with  the  outer  boundary  of  the 
enamel,  due  to  the  presence  of  pigment  (fig,  189),  The  fully-formed  enamel 
is  negatively  doubly  refractive  and  uniaxial,  while  the  developing  enamel  is 
positively  doubly  refractive  (^Hoppe-SeyUr). 

The  cuticula  or  Nasmyth's  membrane  covers  the  free  surface  of  the 
enamel  as  a  completely  structureless  membrane  i  to  3  ri  thick,  bat  in  quite 
young  teeth  it  exhibits  an  epithelial  structure,  and  is  derived  from  the  outer 
epithelial  layer  of  the  enamel  organ. 

The  cement  or  crusta  petrosa  is  a  thin  layer  of  bone  covering  the  fang 
(fig.  193,  a).  The  bone  lacunas  communicate  directly  with  the  dental  tubule 
of  the  fang.  Haversian  canals  and  lamellae  are  only  found  where  the  layer  of 
cement  is  thick,  and  the  former  may  communicate  with  the  pulp-cavity.  Vcrv 
thin  layers  of  cement  may  bedevoid  of  bone-corpuscles.     Sharpey's  fibres  occur 
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in  the  cement  of  the  dog's  tooth ;  while  in  the  horse's  tooth  single  bone-cor- 
pnscles  are  surrounded  by  a  capsule.  In  the  periodontal  membrane,  which 
is  just  the  periosteum  of  the  alveolus,  coils  of  blood-vessels  similar  to  the  renal 
glomeniti  cx:cur.  They  anastomose  with  each  other,  and  are  surrounded  by  a 
delicate  capsule  of  connective  tissue. 

The  pulp  in  a  fiilly-grown  tooth  represents  the  remainder  of  the  dental 
papilla  around  which  the  dentine  was  deposited.  It  consists  of  a  very  vascutai 
indistinctly  fibrillar  connective  tissue,  laden  with  cells.  The  layers  of  cells, 
resembling  epithelium,  which  He  in  direct  contact  with  the  dentine,  are  called 
odontoblasts,  i.  e.,  those  cells  which  build  up  the  dentine.  These  cells 
send  off  long  branched  processes  into  the  dentinal  tubules,  whilst  their 
nucleated  bodies  lie  on  the  surface  of  the  pulp,  and  form  connections  by 
processes  with  other  cells  of  the  pulp  and  with  neighboring  odontoblasts. 
NumcTous  non-medulla  ted  nerve-fibres  ^sensory  from  the  trigeminus),  whose 
mode  of  termination  is  unknown,  occur  m  the  pulp. 

The  periosteum  or  periodontal  membrane  of  the  fang  is,  at  the  same 


Fig.  194-  C. 

A — Venial  section  of  ihe  j»w  of  a  »heep  embryo  x  4°-  I.  dental  furrow  ;  I,  dental  ridge ; 
3,  enmmel  germ.  B. — Transverse  section  of  the  lower  jaw  of  a  four  moDlbs'  humaii  fivlus 
'..40.  I, dental  ridge;  !,  Malk  of  the  enamel  organ -,  3,  enamel  o^an  ;  a,  peripheral  cells; 
J.  germ  pa[p;  f,  cjlindrical  celU  of  enamel;  4,  papilla.  C. — a,  denial  ridge;  j,  enamel 
organ  with  (i)  outer  epitiielintn,  (2)  middle  slellale  layer,  (3)  enamel  priim-cell  layer;  c, 
dentine  genu  with  blood- vessels,  and  Ihe  long  osteol>lasTs  on  the  surface ;  d,  tootb-sac ;  i, 
lecondaiy  enaoieleenD. 

liroe,  the  alveolar  periosteum,  and  consists  of  connective  tissue  with  elastic 
fibres  and  many  nerves. 

ChemtBtrr  of  a  Tooth. — Tbe  teeth  consist  of  a  gelatine-yielding  matrix  infiltrated  with 
cakinm  gibosphate  and  carbonate  (like  bone),  (i)  The  dentine  contains — oi^anic  matter, 
27.70;  csdcium  phosphate  and  carbonate,  7106;  magnesium  phosphate,  0,75  ;  with  traces  of 
000,  fluorine,  and  snlphunc  acid. 

(2)  Tfac  enamel  cootains  an  organic  proteid  matrix  allied  to  the  tubstance  of  epithelium.  It 
coDBSts  of  3.60  organic  matter  and  96.00  of  calcium  phosphate  and  carbonate,  1.05  magnesium 
phoapbate,  with  traces  of  calcium  fluoride  and  an  insoluble  chlorine  compound. 

ht)  The  cement  is  identical  with  bone. 

Tike  ^ms  are  devoid  of  mucous  glands,  very  vascular,  and  often  provided  with  long  vascular 
papilbe,  which  are  sometimes  compound. 

Development  of  a  Tooth. — It  t«gins  at  the  end  uf  the  second  month  of  fcetal  life.  Along 
the  wh<de  length  of  the  fo-tal  gum  is  a  thick  projecting  ridge  composed  of  many  layers  Si 
epithelium  (fig.  194  A),  A  depreuion,  the  dental  groove,  alin  filled  with  ejnlhelium,  occurs 
iu  the  gum,  and  runs  along  under  Ihe  ridge.  The  denial  groove  becomes  deeper  throughout  its 
entire  length,  and  on  transverse  section  presents  the  appearance  of  a  dilated  flask,  while  al  the 
Hme  time  k  is  filled  with  elongated  epithelial  cells,  which  form  the  "enamel  organ,"  or 
I  enamel  germ."     A  conical  pqrilla,  the  "  dentine  germ,"  grows  up  from  the 
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mucous  lUsue,  of  irhkh  the  gum  consists,  towards  the  eoamel  oi^an  (figs.  194  B,  194  C).  ed 
that  the  apex  of  the  papilla  comes  to  have  the  enamel  organ  resting  upon  it  like  a  double  af. 
Afterwards,  owing  to  the  development  of  connective  tissue,  Ihe  pails  of  the  enamel  organ  Ijinj 
between  and  uniting  the  individual  dentine  germs,  disappear,  and  graduanf  the  coniiectiic. 
tissue  forms  a  tooth  sac  enclosing  the  papilla  and  its  enamel  organ  (fig.  194  A,  3). 

Those  epithelial  ceils  (figs.  194,  B,  3,  194  C)  of  Ihe  enamel  organ,  which  lie  next  the  lop  of 
the  papilla,  are  cylindrical,  and  become  calcified  to  form  enamel  prisms.  The  layer  of  Cetit  of 
the  double  cap,  which  is  directed  towards  the  tooth-sac,  becomes  Battened,  fuses,  undei^ocsi 
horny  transformation,  and  becomes  the  cuticula,  whilst  the  cells  which  lie  between  both  liicr, 
undergo  an  intermediate  metamorphosis,  so  that  they  Come  to  resemble  the  branched  sltlliit 
cells  of  ihc  mucous  tissue,  and  gradually  disappear  altogether. 

The  dentine  is  formed  in  the  most  superficial  layer  of  the  projecting  connective  tissue  of  llu 
dental  papilla,  owing  to  the  calcification  of  the  continuous  layer  of  odontoblasts  which  occui 
there  (l^s.  194  C,  195).  During  Iheprocesi,  fUires  or  branches  of  these  cells  are  left  onifrecta!. 
and  remain  as  the  fibres  of  Tomes.  Exactly  the  same  process  occurs  as  in  Ihe  formatiaii  of  btnc. 
ihe  odontoblasts  forming  around  themselves  a  calcified  matrix.  The  cement  is  formed  from  tlir 
soft  connective-tissue  of  (be  dental  alveolus. 


Fig.  19s-  ' 

Transverse  section  of  the  lower  jaw  of  a  new.bom  dog  x  4°-  "^^^  denial  sac  is  shown  only  on 
the  left  side.  The  tissues  originating  from  connective  tissue  are  shown  on  the  left,  and 
those  of  epithelial  origin  on  the  right. 

Dentition. — During  the  developmenl  of  the  first,  temporary  or  Qiilk- 
teeth,  a  special  enatnel  organ  (fig,  194,  f)  is  formed  near  these,  but  it  does  aot 
undergo  development  until  the  milk-teeth  are  shed ;  even  the  papilla  is  wanting 
at  first.  When  the  permanent  tooth  begins  to  develop,  it  opens  into  iIk 
alveolar  wall  of  the  milk-teeth  from  below.  The  tissue  of  this  dental  sac  causes 
erosion,  or  eating  away  of  the  fang  and  even  of  the  body  of  the  milk-teeth, 
without  its  blood-vessels  undergoing  atrophy.  The  chief  agents  in  the  absorp- 
tion are  the  amoeboid  cells  of  the  granulation  tissue.  [Multinuclear  giant-cete 
also  erode  the  fangs  of  the  teeth.  The  little  cavities  in  which  the  large  osteo- 
clasts lie  are  known  as  Howship's  lacunae  or  foveas.] 

Eruption  of  the  Milk<Teeth. — The  following  is  the  order  in  which  the 
twenty  milk-teeth  cut  the  gum,  (.  f.,  from  the  seventh  month  to  the  second 
year: — Lower  central  incisors,  upper  central  incisors,  upper  lateral  incisors 
lower  lateral  incisors,  first  molar,  canine,  the  second  molars. 
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[The  figures  indicate  in  months  the  period  of  eruption  of  each  tooth.] 


9  7  7  9 


[The  permanent  teeth  succeed  the  milk-teeth,  the  process  beginning  about 
X)it  sevenlh ytar.  Ten  teeth  in  each  jaw  take  the  place  of  the  milk-teeth,  while 
six  teeth  appear  further  back  In  each  jaw.  Thus  the  total  number  of  permanent 
teeth  is  thirty-two.  As  the  sacs  from  which  the  permanent  teeth  are  devel- 
oped are  formed  before  birth,  they  merely  undergo  the  same  process  of  develop- 
ment as  the  temporary  teeth,  only  at  a.  much  later  period.  The  last  of  the 
permanent  molars — the  viUdom-tootk — may  not  cut  the  jaw  until  the  seventeenth 
to  the  twenty-fifth  year.  At  the  sixth  year  the  jaw  contains  the  largest  number 
of  teeth,  as  all  the  temporary  teeth  are  present,  and,  in  addition,  the  crowns  of 
all  the  permanent  teeth,  except  the  wisdom-teeth,  making  forty-eight  in  all 
(fig.  196).] 

[Eruption  of  Permanent  Teeth. — The  age  at  which  each  tooth  cuts  the 
gum  is  given  in  years  in  the  following  table  :  — 


I 


"i 


1 


[Action  of  Diug*  on  the  Teetb. — All  the  cooditions  for  pulrefacliaa  are  pi 
moulh;  and  when  putrebc- 
lion  occnn,  the  produdi 
lorten  acid)  alUclc  the  den- 
lioe  and  haven  iu  decajr. 
Hence,  the  neceiiity  for 
tbotoogh  daily  cleuisiiig  of 
Ibe  leeih  and  mouih.  The 
Wcth  may  be  cleaned  by 
meins  of  a  soft  tooth-brush 
uid  water,  vilh  or  withoDI 
(he  ue  of  anjr  of  the  numtr- 
oiu  denlrifice*,  such  as  pow- 
dered chalk  or  charcoal. 
Anruigeats  nch  as  catechu 


oscd.     Mineral  acids  attack 

ibe  teeth,  and   ought  when  Fig.  196. 

'^'^*i  **"  *"'^'"''  t'"°"fi*'  Lowerjaw  of  achild,  five  years  ofa^e.  with  the  wrface  removed 

a  robe.]  ^^  ^^^  ij^^  uncut  permaneDt  tooth-germs. 

155.  MOVEMENTS  OF  THE  TONGUE.— The  tongue,  being  a 
mtiscular  organ,  and  extremely  mobile,  plays  an  important  part  in  the  process 
of  mastication :  (i)  It  keeps  the  food  from  passing  from  between  the  molar 
teeth.  (3)  It  forms  into  a  bolus  the  finely-divided  food  after  it  is  mixed  with 
saliva.  (3)  When  the  tongue  is  raised,  the  bolus  lying  on  its  dorsum  is  pushed 
backwards  into  the  pharynx  and  cesophagus. 

The  course  of  the  fibres  is  threefold — longitutiinaiiy,  from  base  to  tip ; 
transversely,  the  fibres  for  the  most  part  proceeding  outwards  from  the  verti- 
cally-placed septum  lingua;  vertically,  from  below  upwards.  Some  of  the 
muscles  are  confined  to  the  tongue  (intrinsic),  while  others  (extrinsic)  are 
attached  beyond  it  to  the  hyoid  bone,  lower  jaw,  the  styloid  process,  and  the 
palate. 
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[The  Extrinsic  Muicle*  of  the  Tongue. — Tbe  tmgne  is  divided  vertictUf  bjr  ■  Ghmu 
tfptum,  uid  on  each  liJe  (here  ire  four  extriosic  muKle*.     Tbe  hya-gleinu  puses  from  the 

byoid  boDC  upwards  into  the  longuebetireeiithe  liagualis  aod  stylo-glostus.  When  both  mnsdn 
cunlraci  the  tongue  is  dnwn  buckwuiis.  The  ^nio  hyo-gUstus  ariies  ftom  Ihe  inDcr  upca  of 
the  anterior  pact  of  the  ramus  of  the  lower  jaw,  iu  fibres  spread  out  in  a  fan-shaped  mamMr, 
some  going  to  the  hyoid  bone,  a  feu  to  the  pharynx,  bnl  most  eoler  the  entire  length  of  the 
tongue  near  the  fibrous  sejMiiin.  Both  muscles  acting  tc^dher  pmtnidc  the  toogue.  "fhefaiiilB- 
gloiius,  in  the  anierior  pillar  of  the  fauces,  enters  the  upper  surface  of  ibe  tongue,  and  ii  ODn- 
cenied  in  deglutition.  The  ilylo-j-ieutis  passes  from  the  styloid  process  down  to  the  aide  of  tlie 
tongue.     These  muscles  pull  back  the  tongue  and  raise  its  margins.] 

[The  Intrinsic  Muscles. — The  suptrior  or  mptrficia!  Ungual  runs  from  the  lip  of  tlic 
tongue  tovards  the  hyoid  bone  just  under  the  mucous  membrane.  The  trnnsvirst  muscle,  «hoK 
fibres  run  itaniveraety  from  the  septum  lo  the  ddes  of  tbe  tongue.  The  vertieal  fibres  nm  ii 
■n  arched  direction  downwards  and  outwards  towards  the  dorsum  of  tbe  tongue.  The  itiftritr 
or  deep  lingual  muicU  consiati  of  a  thick  bundle  of  longitudinal  fibres  running  along  tbe  under 
surface  between  the  geoio  byo-glosaus  and  the  hyo-gloatus.  They  shorten  the  tongue  and  tun 
its  lip  downwards.] 

MiCToscopically,  the  fibres  are  (ransTersely  wrialed,  with  a  deticale  sarcolemma,  and  rerr 
often  they  ace  branched  where  ihey  are  insened  into  the  mucous  membrane.  The  mnscaln 
bundles  cross  eadi  other  in  various  directions,  and  in  the  mieispaces  fat-cells  and  glands  occn. 

Changes  in  form  and  position  of  the  tongue : — 

(i)  Skortening  ant/  lireadeninghy  the  longitudinal  muscle,  aided  by  the  hyo- 
glossus. 

(2)  Elongation  and  narrowing,  by  the  transversus  linguae. 

C3)  Ihe  dorsum  is  rendered  concave  by  the  transversus  and  the  simultaneous 
action  of  the  median  vertical  fibres. 

(4)  Arching  of  the  dorsum  : — (a)  Transversely,  by  the  lowest  transverse  bun- 
dles; {b')  longitudinally,  by  the  lowest  longitudinal  muscles. 

(5)  Protrusion,  by  the  genio-glossos, 
whileatthc  same  time  the  tongue  usually 
becomes  narrower  and  longer  (2). 

(6)  .^f^dfA'im,  by  (hehyo-glossiBaod 
stylo-glossus,  and  (i)  usually  occurriiig 

I  at  the  same  time. 

(7)  Depression  into  the  floor  of  the 
mouth,  by  the  hyo-glossus.  The  floor 
of  the  mouth  may  be  made  deeper  by 
depressing  the  hyoid  bone. 

(8)  Elevation  of  the  tongue  lowank 
the  palate :— (u)  At  the  tip  by  the  an- 
terior part  of  the  longitudin^  fibres; 

'^*-  '57-  (^)  in  the  middle  by  elevating  the  entire 

The  three  nerves  of  the  tongue,  showing  their  hyoid  bone  by  the  mylo-hyoid  (A',  tri- 

curved   course   and  their    terminations.     '.  geminui);   (0  at  the  root  by  the  Stylo- 

Mandiblc;  2,  hyoid  bone;    t,  mlemal  caro-  *,                     j         1    .        1                                n 

M-i  lingukl  artery;  5.  Ee;io-glossus;  6,  B'^SSUS   and   palato-glossus,    as    well   as 

hyo-glossus;  7,  »yio-glossus ;  8,  hypoglossal  indirectly  by  the  stylo-hyoid  (A^.  faaa- 

nerve;  9,  lingual  branch  of  fifth  nerve;  lo.  Us). 

glossopharyngeal;    11,   facial  nerve;    12,  (^)  Lateral  movements,  Wtt  tx^  oi  ihi 

chorda  tympani.  tongtie  passing  to  the  right  or  left ;  these 
'  are  caused  by  the  longitudinal  libtes  of  on^  side. 

The  motor  nerve  of  the  tongue  is  Ihe  hypoglossal  (lig.  197).  When  this  nerve  a  divided 
or  paralyzed  on  one  side,  the  lip  of  the  tongue  lying  in  the  floor  of  the  mouth  is  directed  tomrds 
(he  sound  side,  because  the  tonus  of  Ihe  non-paralyied  longitudinal  fibres  shortens  the  sound 
side  slightly.  If  the  tongue  be  protrudtd,  however,  the  tip  passes  towards  ihe  paralyteJ  side 
This  arises  irom  the  direction  of  the  genio-glossus  (from  the  middle  downwards  and  outwaids', 
and  the  tongue  follows  the  direclion  of  its  action.  The  tongues  of  animals  which  have  been 
killed  exhibit  fibrillar  contiaclions  of  the  muscles,  sometimes  lasting  for  a  whole  day.  [Stirling 
has  frequently  found  nerve-ganglia  in  the  nerves  of  tbe  tongue.] 
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[The  atntoiy  nerves  an-  tbe  limpial  or  gtatalaty  iranei  of  Ike  fifth,  which  confen  aensi- 
tihlj  on  the  macottt  membnne  of  tbe  uiteriaT  two-lhirdt  of  (he  toDgue.  The  lingual  branch 
if  Iki gbssa-phaiyngeal,  which  confcn  ordinary  leiuibiHty  ind  the  lense  of  taste  on  the  posterior 
third  of  the  tongue,  lite  ehcrda  tymfiaiti,  which  ii  the  ipeciat  aerre  of  tule  for  the  anterior 
tiro-lhirdi  of  tbe  tongue.     There  are  alio  tympatluHc  fibres  on  the  blood-veiseli  (fig.  197).] 

136.  DEGLUTITION.— [By  a  complicated  series  of  co-ordinated  mus- 
cular acts  the  bolus  of  food  is  carried  from  the  mouth  successively  through  the 

pharynx  and  cesophagus  into  the  stomach.] 
\^tpkaiynji  (iiz  mm.  id  lei^h)  extends  from  the  base  of  the  skull  to  the  lower  border  of 

(he  cricoid  cartilage,  where  it  becomes  contiaaous  wiih  the  cESoph^ui.     Above,  it  comniunicaU) 

with  the  nose,  month  and  Isirax  (Hg.  19S).     It  is  lined  bjr  amucnm  membrane,  and  tlrengthened 

ind  [iiade  contractile  extanall)'  t^  a  layer  of  striped  muscular  iibrei  running,  for  the  nwit  pan, 

umewhai     iransverselj,    and 

made  np   of  the    three   eon- 

ilnittr      miarles,  —  supttier, 

mUJIt  tnA  in/rrier.     Running 

more  hmgitadinally  and  inter - 

uUt  arc  ihtpalalo-pharyngeus 

lad  itflophurjmgmi  mnscltl. 

OiMstde  the  muscular  layer  of 

(be  pfaiiynx  is  a  librous  or  cku- 

neclm- tissue  layer.  The  upper 

put  of  the  mucous  membrane 

of  (be  pbaryDi   is    lined   tty   Euui 

colamnar   ciliated    epithelium, 

while  that  portion  opposite  and  , 

below  [he  fauces  ii  lined   by 
AruiSed  squamous  ephhelium. 

Much  adenoid  lissoe  also  exists      >^ 
in  the  didi 

[Seren  openings  o 
cite  whh  the  pharynx,  viz..  the 
two  pOMerior  cures,  the  isthmus      Eni 
of  the  fauces,  the  opening  into  la 

the   kryni,    the    oesophagus, 
and  the  two  Eiatachian  tubes,  "j™" 
n  that  daring   deglutition  all 
these   apertures    have    to   be     ^^j 
guarded  in  some  way  or  other.] 

[Automically  tbe  other  im-    Tnch 
ponani  pans  are  the  soft  palate 
with  the  nralo,  the  isthmus  of 
the  fasces   opeaiDg   from  (he 
anwh  into  the  i^rynx,  and       Venkal  01 
boBoded  iMcrallj  b;  the  an- 
icrior  and  posterior  pillars  of 
tbe  raoces.  the  fbriaer  containing  the  palalo-glostnt  mnsc/e,  and  the  latter  the  palalt-pharyngtut 
Mattlt.    On  each  side  between  the  pillars  lies  a  tonsil,] 

The  onirard  mcrvements  of  the  contents  of  the  digestive  canal  are  effected 
by  a  ^>ectal  kind  of  action  whereby  the  tube  or  canal  contracts  upon  its  con- 
tents, and  as  this  contraction  proceeds  along  the  tube,  the  contents  are  thereby 
carried  along.     This  is  the  "  peristaltic  movement,"  or  peristalsis. 

[The  act  of  swallowing  a  solid  mass  has  been  variously  described, — firstly,  as 
consisting  of  a  voluntary  and  an  involuntary  stage.     In  the  voluntary 
stage  the  food  remains  in  the  mouth,  but  when  it  reaches  the  posterior  third  of 
the  tongue,  or  rather  at  the  isthmus  of  the  fauces,  the  involuntary  stage 
commences,  which  includes  its  passage  through  the  pharynx  and  cesophagus 
into  the  stomach.     Others,  again,  divide  it  into  three  stages — 
(i)  White  the  food  traverses  the  isthmus  of  the  fauces. 
(a)  While  the  iixA  traverses  the  pharynx.     This  includes  the  movements 
of  the  pharynx,  the  shutting  off  of  the  posterior  narcs,  the  occlusion 
t8 
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of  the  entrance  to  the  glottis,  and  the  shutting  of  the  pillars  of  the 
fauces. 
(3)  While  it  traverses  the  oesophagus.     In  this  stage  gravity  has  no  effect, 
as  the  food  is  carried  downwards  by  peristaltic  action  of  the  oesopha- 
gus, so  that  a  person  can  swallow  when  standing  on  his  head.] 
In  the  act  of  deglutition,  we  distinguish  in  order  the  following  individual 
movements : — 

I.  Voluntary  Stage. — (i)  The  aperture  of  the  mouth  is  closed  by  the 
orbicularis  oris  {N,  facialis). 

(2)  The  jaws  are  pressed  against  each  other  by  the  muscles  of  mastication 
{N,  trigeminus),  while  at  the  same  time  the  lower  jaw  affords  a  fixed  point  for 
the  action  of  the  muscles  attached  to  it  and  the  hyoid  bone. 

(3)  The  tip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
against  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled 
towards  the  pharynx  [the  floor  of  the  mouth  being  raised  by  the  contraction  of 
the  mylo-hyoid  muscles]. 

II.  Involuntary  Stage. — (4)  The  food  is  prevented  from  passing  into  ike 
mouth.  When  the  bolus  has  passed  the  anterior  palatine  arch  (the  mucus  of 
the  tonsillar  glands  making  it  slippery  again),  it  is  prevented  from  returning  to 
the  mouth  by  the  palato-glossi  muscles  which  lie  in  the  anterior  pillars  of  the 
fauces,  coming  together  like  two  side-screens  or  curtains,  meeting  the  raised  dor- 
sum of  the  tongue  (stylo-glossus). 

(5)  The  food  is  prevented  from  passing  into  the  posterior  nares.  The  moisel 
is  now  behind  the  anterior  palatine  arch  and  the  root  of  the  tongue,  and  has 
reached  the  pharynx,  where  it  is  subjected  to  the  successive  action  of  the  three 
pharyngeal  constrictor  muscles  which  propel  it  onwards.  The  action  of  the 
superior  constrictor  of  the  pharynx  is  always  combined  with  a  horizontal  eleva- 
tion (Levator  veli  palatini;  N.  facialis)  and  tension  (Tensor  veli  palatini; 
N.  trigeminus,  otic  ganglion)  of  the  soft  palate.  The  upper  constrictor  presses 
(through  the  pterygo-pharyngeus)  the  posterior  and  lateral  walls  of  the  pharynx 
tightly  against  the  posterior  margin  of  the  horizontal,  tense,  soft  palate,  whereby 
the  margins  of  the  posterior  palatine  arches  (palato-pharyngeus)  are  approxi- 
mated. The  pharyngo-nasal  cavity  is  thus  completely  shut  off,  so  that  the  bolus 
cannot  be  pressed  backwards  into  the  nasal  cavity  (fig.  199  B). 

Id  persons  with  congenital  or  acquired  defects  of  the  soft  palate,  or  cleft-palate,  daring 
swallowing,  food  passes  into  the  nose. 

(6)  The  food  is  prevented  from  pcusing  into  the  larynx.  The  bolus  b  pro- 
pelled onwards  by  the  successive  contraction  of  the  upper,  middle,  and  lower 
constrictors  of  the  pharynx  until  it  passes  into  the  oesophagus.  At  the  same 
time  the  entrance  to  the  glottis  is  closed,  else  the  morsel  would  pass  into  the 
larynx,  or,  as  is  generally  said,  would  **  pass  the  wrong  way," 

Sounds  during  Deglutition. — If  the  region  of  the  stomach  be  auscultated  during  the  act  of 
swallowing,  two  sounds  may  be  heard;  the  first  one  is  produced  when  the  bolus  is  projected  into 
the  stomach ;  the  second  occurs  when  the-  peristalsis,  which  takes  place  at  the  end  of  swallov- 
ing,  squeezes  the  contents  of  the  oesophagus  through  the  cardia  {Meltzer^  Zenker^  Ewald),  [The 
latter  occurs  a  short  time  afterwards.  In  man,  when  water  alone  is  swallowed,  there  is  no  sound, 
but  when  it  is  mixed  with  air  there  is,  and  it  is  generally  heard  because  air  is  usually  swallowed 
with  the  food  or  drink  {Quincke).'] 

The  closure  of  the  glottis  is  effected  in  the  following  manner  : — (a)  The 
whole  larynx — the  lower  jaw  being  fixed — is  raised  upwards  and  forwards y 
while  at  the  same  time  the  root  of  the  tongue  hangs  over  it  The  hyoid  bone 
is  raised  forwards  and  upwards  by  the  genio-hyoid,  anterior  belly  of  the  digas- 
tric, and  mylo-hyoid  ;  the  larynx  is  approximated  close  to  the  hyoid  bone  by 
the  thyro-hyoid.     (Jf)  When  the  larynx  is  raised,  so  that  it  comes  to  lie  below 
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the  overhanging  root  of  the  tongue,  the  epiglottis  is  pressed  downwards  over 
the  entrance  to  the  glottis,  and  the  bolus  passes  over  it.  The  epiglottis  is  also 
pulled  down  by  the  special  muscular  fibres  of  the  reflector  epiglottidis  and  ary- 
epiglotticus.  (^)  The  closure  of  the  glottis  by  the  constrictors  of  the  larynx 
also  prevents  the  entrance  of  substances  into  the  larynx  (§  313,  II,  2), 

In  order  that  the  descending  bolus  may  be  prevented  from  carrying  the 
pharynx  with  it,  the  stylo-pharyngeus,  salpingo-pharyngeus,  and  baseo-pharyn- 
geus  contract  upwards  when  the  constrictors  act. 

lojuTy  to  the  Epiglottis. ~- J nteDtional  injury  of  the  epiglottis  in  aniniBls,  or  its  destruction 
in  mmn,  mij  cause  ^uids  to  "  go  the  wrong  way,"  i.  '',,  into  the  glottis,  whilst  solid  food  on  be 
swallowed  without  distmbance.  In  d<^s,  colored  flaids  placed  on  the  root  of  the  tongue  hBie 
been  observed  to  puss  directly  into  the  pharynx  without  coming  into  contact  with  it,  so  as 
to  tinge  Ihc  upper  surface  of  ibe  epiglottis  [Magtndit).  [The  basis  of  the  epiglottis  is  yellow 
elastic  cartilage,  so  that  it  shows  no  tendency  (o  ossify,  and  always  retains  its  elasticity  (J  3t  j).] 

[Bxpeiiment*  of  Kronecker,  Palk,  and  Meltier.  Mctbod. — Mellier  placed  in  his  ceso- 
pbagns  an  (esophageal  sound  wilb  a  thin  india-rubber  bag  tied  to  its  lower  end,  and  its  uj'per 


Fig.  199. 

Scheme  of  deglniition.— A  shows  the  passages  and  openings  marked  with  arrows  indicating  the 

air-  and  food- channels.     B,  the  act  of  deglutition. 

end  in  coouection  with  a  Marey's  tambour.  The  sound  was  graduated  into  cenlimetres,  so  that 
bf  fixii^  it  with  the  tceih,  the  depth  to  which  the  hag  reached  in  the  (Esophagus  could  be  ascer- 
taino)  at  once.  The  elastic  bag  was  indaled  from  a  lateral  tube  so  as  lo  till  the  ofsophagus. 
The  ciperiment  was  so  arranged  as  to  indicate  the  moment  the  act  of  swallowing  commenced, 
a  second  bag  being  placed  in  the  pharynx,  and  of  course  as  the  bolus — usually  water—passed 
aloDg  the  pharynx  and  mnphagus  it  coropressed  lirsE  the  one  and  then  the  other  bag,  and  a 
tracing  was  obtained  of  the  relative  time  of  passage.] 

[lu  all  experiments  oq  deglutition  it  is  important  to  remember  that  the  size  and 
consistence  of  the  bolus  cause  different  mechanisms  to  come  into  play.  In 
swallowing  water,  for  example,  less  than  jtj tb  second  suffices  to  transport  it  from 
the  mouth  along  the  (XBc^hagus.  It  is  "  projected,"  "shot-down  "  the  oeso- 
phagus by  the  contractions  chiefly  of  the  muscles  of  the  floor  of  the  mouth — 
the  mylo-hyoids — the  cesophagus  remaining  open  ;  and  the  cesophagus  first 
contracts  after  the  bolus  is  already  in  the  stomach.  If  a  large  mass  of  con- 
siderable consistence  is  swallowed,  this  seems  to  require  the  help  of  the  con- 
strictors of  the  pharynx  and  the  oesophageal  walls.] 
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[From  the  tracing  (fig.  100)  it  will  be  seen  that  the  bolus — e.  g.,  watei^is 
projected  right  into  the  stomach  long  before  the  oesophagus  begins  to  contract. 

What  Kronecker  in- 
sists on  is  that  Id 
swallowing,  say  wa- 
ter or  »emi-flaid 
food,  the  food  is  not 
carried  into  the  stom- 
ach by  a  complica- 
ted peristaltic  act  as 
described  above;  but 
that  the  act  of  deglu- 
tition is  one  act,  due 
chiefly  to  the  coo- 
traction  of  the  niylo- 
p-    jjj^j  hy old  muscles,  which 

Tr«:ing<.f  the  .«  of  degktition. '  1.  A  ii.dic«e*  the  wmpreftion  of  project  the  foodright 
the  elMlic  bag  caused  by  the  bolu»  pKJected  by  (he  contraction  of  through  the  relaxed 
th«  mylo-hyoid  miudes;  B,  contiaction  of  (he  phaiyDx;  i,  Line  cesophagus  into  the 
maricing  Mcoadi;  3,  Tracing  of  the  bag  in  the  (esophagus  )3  stomach  with  COD- 
ceotimetrei  from  (he  teeth;  C,  compiexvon  of  the  bag  by  the  bolus  siderable  rapidity 
corresponding  to  A ;  D,  compression  by  the  residues  of  the  bolus    ,_>  ■,        j   „nHCT 

carried  on  by  the  contraction  of  the  pharynx,  B;  E,  contracUon  of  l-nr«^'/ ""y   «"""'' 
the  eesophagus.  a  relatively  high  pres- 

sure. Of  course  at 
the  same  time  the  various  side-openings  to  the  posterior  nares  and  entrance  10 
the  glottis  have  to  be  guarded  and  clc»ed.] 

[The  mylo-hyaids  form  a  hammock-like  diaphragm,  on  which  rests  the  tongue.  There  are  also 
concerned  the  longitudinal  and  hyoglossi  muscles ;  the  latter  pull  the  root  of  the  tongue  back- 
wards and  downwards.] 

[When,  however,  the  bolus -is  large  Mid  solid,  then  deglutition  takes  place  much  more 
slowly,  and  the  bolus  seems  to  meet  wi(h  mor«  resistance  at  certain  pens  in  JM  pats^e. 
and  [D  requii«  the  peristaltic  action  of  the  pharyngeal  and  (xs<^ageal  mnsdtes  to  press  it 
onwards.] 

[Kronecker  divides  the  digestive  lube  ai  for  as  the  cardia  into  five  muscular  rings — I.  Tbose 
for  the  first  act,  chiefly  the  mylo.hyoids.  3.  The  constrictors  of  the  pharynx.  3.  The  fiist 
section  of  the  cesophagus  (cervical  segment  provided  with  striped  muscle).  4.  The  npper 
dorsal  segment  of  the  icaophagus  (partly  striped  and  partly  smooth  muscle).  5.  To  ibe 
cardiac  [smouth  muscle).  In  this  connection  we  may  recall  the  obseivatioD  of  Virchow  in  cases 
of  poisoning  by  sulphuric  add,  where  be  noticed  that  little  effect  was  produced  on  the  momh 
or  pharynx,  Ihe  most  marked  effects  of  the  action  of  the  acid  being  at  the  enliwice  to  Ibe 
cesophagus  whett!  It  crosses  the  left  bronchus,  and  just  before  the  cardia  where  it  perfbrMe*  the 
<Uaphrsgm.J 

[Time  Relations. — As  lothetime  relations  of  the  contraction  of  the  successive  mnscalar  rings 
we  have  the  foUowine ; — 

Sea. 

Contraction  of  mylo-hyoids  and  constrictor    0.3  x  1  —    0.3 

"  fint  part  of  cesophagus  0.3  x  ( I  +  ')  _    0.9 

second  "  0.3  x  (1  +  *  +  3)  —     '■" 

third  "  0.3X  (1-^2-3-1-4)     -     30 

6.0 

_ .  _   ,-s  much  more  quickly.     It  will  be  seen  Ihat  the  above  „ 
second  order  with  difference  1  and  a  constant  factor  0.3-] 

[It  is  necessary  to  distinguish  a  single,  isolated  act  of  deglutition  from 
a  series,  or  succession  of  these  acts.  If  we  make  a  series  of  acts  of  swal- 
lowing, as  when  we  drink  a  glass  of  water,  the  oesophagus  does  not  contract 
until  af/er  the  last  act  of  deglutition,  and  it  contracts  at  the  same  inierral  of 
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time  after  the  beginning  of  the  last  act  of  deglutition  as  if  only  a  single  act 
had  been  carried  out.  It  is  obvious,  therefore,  that  every  act  of  swallowing 
not  only  excites  an  oesophageal  contraction,  but  at  the  same  time  it  inhibits  the 
already  excited  but  not  yet  manifested  oesophageal  contraction.  Thus  in  swal- 
lowing ja  glass*  of  water  each  successive  act  of  deglutition  inhibits  the  oesopha- 
geal contraction,  so  that  the  oesophagus  remains  open,  and  only  contracts  after 
the  last  drop  of  water  is  already  in  the  stomach.] 

Nervous  Mechanism. — Deglutition  is  voluntary  only  during  the  time 
the  bolus  is  in  the  mouth.  When  the  food  passes  through  the  palatine  arch 
into  the  gullet  the  act  becomes  involun- 
tary, and  is,  in  fact,  a  well-regulated  re- 
flex action.  When  there  is  no  bolus  to  be 
swallowed,  voluntary  movements  of  de- 
glutition can  be  accomplished  only  within 
the  mouth ;  the  pharynx  only  takes  up  the 
movement,  provided  a  bolus  (food  or 
saliva)  mechanically  excites  the  reflex  act. 
The  afiferent  nerves,  which,  when  me- 
chanically stimulated,  excite  the  involun- 
tary act  of  deglutition,  are  the  palatine 
branches  of  the  trigeminus  (from  the 
spheno-palatine  ganglion  and  the  pharyn- 
geal branches  of  the  vagus  (flg.  201).  [It 
can  also  be  excited  by  stimulation  of  the 
central  end  of  the  superior  laryngeal 
nerve.]  The  centre  for  the  nerves  con- 
cerned (for  the  striped  muscles)  lies  in  the 
superior  olives  of  the  medulla  oblongata. 
Swallowing  can  be  carried  out  when  a  per- 
son is  unconscious,  or  after  destruction 
of  the  cerebrum,  cerebellum,  and  pons 
(§  3^7*  6)-      [Even  in  the  deep  coma  of 

alcoholism,  the  tube  of  a  stomach-pump  is  ^j^m^^ 

carried  into  the  stomach  reflexly,  provided  pj^  2^, 

the  surgeon  pa^  it  back  into  the  pharynx]     g^^^^^  ^,  ,1,,  ^^^^  ^  ^^^^  „,^„ 
The  nerves  of  the  pharynx  are  derived         concerned  in  deglutition  {SHriing). 
from  the  pharyngeal  plexus,  which  re- 
ceives branches  from  the  vagus,  glosso-pharyngeal,  and  sympathetic  (§  352,  4). 
Stimulation  of  the  glosso-pharyngeal  nerve  inhibits  reflex  deglutition  {Kro- 
fucker  and  Wassiiieffy 

[The  efferent  or  motor  nerves  are  those  supplying  the  muscles  concerned,  (i)  the  inferior 
maxillary  division  of  the  fifth  cranial  nen>e  supplies  the  masseter,  temporal,  pterygoid,  mylo- 
hyoid, and  anterior  belly  of  the  digastric  muscles ;  (2)  the  facial  supplies  the  orbicularis  oris, 
baccinator,  stylo-hyoid,  and  posterior  belly  of  the  digastric ;  (3)  the  hypoglossal  or  ninth  cranial 
nerre  supplies  the  intrinsic  muscles  of  the  tongue,  genio-hyoid,  thyro-hyoid,  genio-hyoglossus, 
byoglossus,  and  stylo-glossus ;  (4)  branches  of  the  pharyngeal  plexus  (vagui,  glosso-pharyngeal, 
and  sjrmpathetic)  supply  the  constrictors  of  the  pharynx,  palato-glossus,  and  palato-pharyngeus; 
(5)  a  branch  from  the  );losso  pharyngeal  (?)  supplies  the  stylo-pharyngeus ;  (6)  the  facial 
(petrosal)  branch  of  the  Vidian  supplies  the  levator  palati  and  azygos  uvulae;  (7)  a  branch  from 
the  otic  ganglion  of  the  fifth  supplies  the  tensor  palati ;  (8)  the  inferior  laryngeal  branch  of  the 
vagus  supplies  the  muscles  that  close  the  glottis.  J 

[We  have  seen  that  the  contraction  of  the  oesophagus  is  inhibited  during  a 
succession  of  acts  of  deglutition.  We  know  that  the  vagus  conducts  impulses 
which  excite  the  oesophs^us,  and  is  therefore  motor.  Through  the  trigeminus 
reflex  acts  of  deglutition  can  be  excited.    As  to  the  glosso-pharyngeal,  we  know 
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that  its  section  does  not  set  aside  deglutition,  nor  does  its  stimulation  excite  the 
act  of  swallowing.  The  glosso-pharyngeal  inhibits  the  occurrence  of  a  reflex  act 
of  deglutition.  If  the  glosso-pharyngeal  be  stimulated,  the  strongest  stimuli  to 
deglutition  {e,  g.,  filling  the  pharynx  with  fluid,  or  stimulation  of  the  superior 
laryngeal  nerves)  fail  to  discharge  the  act  of  deglutition  ;  neither  the  first  part 
of  the  act  nor  contraction  of  the  oesophagus  takes  place.  Stimulation  of  the 
lingual  branch  of  the  glosso-pharyngeal  inhibits  the  first  act  of  deglutition ; 
while  the  pharyngeal  branches  seem  to  inhibit  the  oesophageal  contractions,  so 
that  the  glosso-pharyngeal  is  the  inhibitory  nerve  of  deglutition.] 

[With  each  stimulus  to  the  movement  of  the  first  act  of  cieglutition  (especially 
the  mylo-hyoid  group)  there  is  an  inhibition  of  the  deeper  sections  through  the 
stimulation  of  the  glosso-pharyngeal  nerve.  This  inhibition  takes  place  in  the 
nerve-centre  in  the  medulla  oblongata,  for  Mosso  showed  that  the  peristaltic 
movements  of  the  oesophagus  are  propagated  from  above  downwards,  even  after 
section  of  the  oesophagus.] 

[Action  on  other  Centres. — The  act  of  swallowing  affects  many  other 
centres,  e.  g.,  the  cardio-motor  in  the  medulla,  it  reduces  the  tonus  of  the  heart 
vagus,  so  that  the  heart  beats  quicker  (§  369),  it  also  affects  the  respiratory 
centre  and  diminishes  the  need  for  respiration,  constituting  **  Deglutition- 
apnoea.**     It  also  affects  the  vaso-motor  and  some  other  centres  {Kronecker).'\ 

[Where  the  Deglutition  Reflex  is  discharged. — II  is  very  difficult  to  determine  from  what 
parts  of  the  mouth  deglutition  is  excited.  In  the  rabbit,  by  touching  the  anterior  central  pan 
of  the  soft  palate,  a  complete  act  of  d^lutition  is  discharged.  This  may  be  set  aside  bjr 
section  of  the  trigeminus,  or  painting  the  part  with  cocaine.  Parts  of  the  larynx  supplied  by 
the  superior  laryngeal  also  excite  it.  In  man  the  reflex  is  discharged  when  the  bolus  passes 
behind  the  velum  in  the  region  of  the  tonsib.  Stimulation  of  the  glosso-pharyngeal  inhibits 
deglutition,  but  how  it  is  caused  is  unknown.  Stimulation  of  the  pharynx,  even  muscular  pressure, 
will  inhibit  it  ( Wassiiuf).'] 

Within  the  oesophagus,  whose  stratified  squamous  epithelium  is  moistened 
with  the  mucus  derived  from  the  mucous  glands  in  its  walls,  the  downward 
movement  is  involuntary,  and  depends  upon  a  complicated  reflex  movement 
discharged  from  the  centre  for  deglutition.  There  is  a  peristaltic  movement  of 
the  outer  longitudinal  and  inner  circular  non-striped  muscular  fibres. 

In  the  upper  part  of  the  cesophagus,  which  contains  striped  muscular  fibres,  the  perists^sis 
takes  place  more  quickly  than  the  lower  part.  The  movements  of  the  oesophagus  nerer 
occur  independently,  but  are  alwajrs  the  continuation  of  a  foregoing  act  of  deglutition.  If  food 
be  introduced  into  the  oesophagus  through  a  hole  in  its  wall,  there  it  lies;  and  it  is  only  carried 
downwards  when  a  movement  to  swallow  is  made.  The  peristalsis  extends  along  the  whole 
length  of  the  oesophagus,  even  when  it  is  ligatured  or  when  a  part  of  it  is  removed  (Mosso).  If 
a  dog  be  allowed  to  swallow  a  piece  of  flesh  tied  to  a  string,  so  that  the  flesh  goes  half-way 
down  the  oesophagus,  and  if  the  flesh  be  withdrawn,  the  peristalsis  still  passes  downward 
(C  Ludwig  and  IVild.) 

The  motor  nerve  of  the  cesophagus  is  the  vagus  (not  the  accessory  fibres)  [oesophageal, 
whose  branches  have  numerous  small  ganglia  in  their  course].  After  it  is  divided,  the  food 
lodges  in  the  lower  part  of  the  oesophagus.  Very  large  and  very  small  masses  are  swallowed 
with  more  difficulty  than  those  of  moderate  size.  Dogs  can  swallow  an  olive-shaped  body 
weighted  with  a  counterpoise  of  450  gtzms  (Mosso).  When  the  thorax  is  greatly  distended,  as  in 
Mil  Iter's  experiment,  or  greatly  diminished,  as  in  Valsalva's  experiment  ({  60),  deglutition  i$ 
rendered  more  difficult. 

Goltz^s  Experiments. — The  oesophagus  and  stomach  of  the  frog  become  more  excitable, 
i.  e.,  the  excitability  of  the  ganglionic  plexuses  in  their  walls  is  increased,  when  the  brain  and 
spinal  cord  or  both  vagi  are  destroyed.  These  organs  contract  energetically  after  slight 
stimulation,  while  frogs,  whose  central  nervous  system  is  intact,  swallow  fluids  simply  by 
peristalsis.  Females,  and  sometimes  men  also,  suffering  fiom  hysteria,  not  un frequently  have 
similar  spasmodic  contractions  of  the  oesophageal  region  (globus  hystericus).  After  section  of 
both  vagi  in  the  dog,  Schiflf  observed  spasmodic  contraction  of  the  oesophagus.  [After  section 
of  the  glosso- pharyngeal  nerve  the  oesophagus  may  pass  into  a  state  of  tonic  spasm  lasting  about 
a  day]. 

Effect  on  Circulation. — Every  time  one  swallows,  the  heart's  action  is  accelerated,  the 
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blood-preuore  f>lk,  (he  neceraitf  for  rcspiralion  diminisbcs,  wbile  many  movemeaU  (labor 
pwu,  ereaioD)  tcad  to  b«  inhibited.  These  elTecu  are  brought  abont  teflexly  {Kronttker  and 
Miltur,  3  369}. 

[Structure  of  the  (Esophagus. — The  cesophagns  in  the  dog  and  rabbit 
is  almost  eniirely  composed  of  striped  muscle.  In  the  cat  and  man,  its  upper 
part  acts  like  a  striped  muscle,  and  its  lower  part  is  composed  of  smooth  muscle. 
TTie  cesophagus  is  almost  15  cm.  long,  and  its  walls  are  composed  of  four 
coats — mucous,  sub-mucous,  muscular,  and  fibrous  (fig.  aoa). 

(i)  The  mucous  coat  is  firm,  and  is  thtown  into  longitudinal  folds,  which 
disappear  when  the  tube  is  distended.  It  is  lined  by  seveial  layers  of  stratified 
squamous  epithelium.  The  membrane  itself  is  composed,  especially  at  its 
inoei  part,  of  dease  fibrous  tissue,  which  projects,  in  the  form  of  papillae,  into 
the  stratified  epithelium.  The  papillx  are  present  in  the  child,  but  are  largest 
in  old  people.  At  its  outer  part  is  a  continuous  longitudinal  layer  of  non-striped 
muscle,  the  muscularis  mucosa.  The  layer  consists  of  small  bundles  of 
non-striped  muscle  separate  from  each  other. 


3(" 


Transverse  section  of  port  of  the  oesophagus. 

(3j  The  sub-mucous  coat  is  thicker  than  the  foregoing,  and  consists  of 
loose  connective-tissue,  with  the  acini  of  small  mucous  glands  imbedded  in  it. 
The  ducts  pierce  the  muscularis  mucosje  to  open  on  the  inner  surface  of  the 
tube.  Some  animals  have  a  considerable  number  of  large  mucous  glands  in  the 
cesophagu^  (dog)  and  others  have  very  few. 

(3)  The  muscular  coat  consists  of  an  inner,  thicker,  circular,  and  an 
outer,  thinner,  longitudinal  layer  of  non-striped  muscle,  commencing  on  a 
level  with  the  cricoid  cartilage.  In  man,  the  upper  third  of  the  gullet  consists 
of  striped  muscular  fibres. 

(4)  Outside  the  muscular  coat  is  a  layer  of  fibrous  tissue, — the  adventitla 
— with  elastic  fibres.  The  structure  of  the  muscular  coat  of  the  cesophagus 
varies  much  in  different  animals.  In  the  rabbit,  in  the, first  quarter  of  its 
length,  it  has  two  layers,  but  below  this  there  are  three  layers,  /.  e.,  a  circular 
between  an  outer  and  an  inner  longitudinal  layer,  while  the  non-striped  fibres 
are  confined  to  the  lowest  quarter  of  the  tube.] 

[Nerve-Plexuses. — As  in  the  intestine,  there  ^re  two  plexuses  of  nerves 
with  ganglia ;  one  in  the  sub-mucous  coat  {Meissner'  i)  and  the  other  between 
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the  two  muscular  coats  (^Auerbach*s),  which  are  continuous  with  those  in  the 
stomach  and  intestine.  Blood-vessels  and  numerous  lymphatics  lie  in  the 
mucous  and  sub-mucous  coats.] 

157.  MOVEMENTS  OF  THE  STOMACH.— Position.— When  the 

stomach  is  empty,  the  great  curvature  is  directed  downwards  and  the  lesser 

upwards ;  but  when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally 

through  the  pylorus  and  cardia,  so  that  the  great  curvature  appears  to  be 

directed  to  the  front  and  the  lesser  backwards. 

Arrangement  of  the  Muscular  Fibres. — The  non-striped  muscular  fibres  of  the  stomach 
are  arranged  in  three  directions  or  layers.  There  is  an  outer  longitudinal  layer,  whose  fibres 
are  continuous  with  those  of  the  oesophagus  and  is  best  developed  along  the  curvatures,  especi- 
ally the  lesser.  At  the  pylorus  the  fibres  form  a  thick  layer,  and  become  continuous  with  the 
longitudinal  fibres  of  the  duodenum.  The  circular  fibres  form  a  complete  layer ;  at  the  pylorat 
they  are  more  numerous,  and  constitute  the  sphincter- muscle  or  pyloric  valve ;  whilst  at  the 
cardia  (inlet),  such  a  muscular  ring  is  absent.  The  innermost  oblique  or  diagonal  layer  is 
incomplete. 

The  Movements  of  the  Stomach  are  of  two  kinds:  The  rotatory  or 
churning  movements,  whereby  the  parts  of  the  wall  of  thestomach  in  contact  with 
the  contents  glide  to  and  fro  with  a  slow  rubbing  movement.  Such  movements 
seem  to  occur  periodically,  every  period  lasting  several  minutes  (^Beaumonf). 
By  these  movements  the  contents  are  moistened  with  the  gastric  juice,  while  the 
masses  of  food  are  broken  down.  The  formation  of  hair-balls  in  the  stomach 
of  dogs  and  oxen  indicates  that  such  rotatory  movements  of  the  contents  of  the 
stomach  take  place.  (2)  The  other  kind  of  movement  consists  in  a  periodically 
occurring  peristalsis,  whereby,  as  with  a  push,  the  first  dissolved  portions  of 
the  contents  of  the  stomach  are  forced  into  the  duodenum.  They  begin  after 
a  quarter  of  an  hour,  and  recur  until  about  five  hours  after  a  meal.  This  peri- 
stalsis is  most  pronounced  towards  the  pyloric  end,  and  the  muscles  of  the 
pyloric  sphincter  relax  to  allow  the  contents  to  pass  into  the  duodenum. 
According  to  Riidinger,  the  longitudinal  muscular  fibres,  when  they  contract, 
especially  when  the  pyloric  end  is  filled,  may  act  so  as  to  dilate  the  pylorus. 

The  following  experiment  is  designed  to  determine  the  time  at  which  the  ingesta  pass  into  the 
intestine.  Salol  splits  up  in  an  alkaline  medium  (in  intestine)  into  phenol  and  salicylic  acid, 
and  the  presence  of  the  laUer  in  the  urine  can  be  ascertained  by  ferric  chloride  (violet  color). 
In  health  the  reaction  begins  in  y^-i  hour,  and  disappears  after  24  hours ;  in  motor  insoffiaenqr 
of  the  stomach  3-24  hours  later  {^Huber\. 

Qixsard. — The  strongly  muscular  walls  of  the  stomach  of  grain-eating  birds  effect  a  tritura- 
tion of  the  food.  The  older  physiologists  found  that  glass  iMdls  and  lead  tubes,  which  could 
be  compressed  only  by  a  weight  of  40  kilos. ,  were  broken  or  compressed  in  the  stomach  of 
a  turkey. 

[The  Nerves  of  the  Stomach. — It  is  supplied  by  nerve-fibres  from  the 
two  vagi  and  the  solar  plexus.  After  forming  the  oesophageal  plexus,  the  left 
vagus  descends  rather  anterior  to,  and  the  right  posterior  to,  the  oesophagus, 
and  they  continue  alon^  it  to  the  stomach.  The  left  supplies  chiefly  the  lesser 
curvature  and  the  anterior  surface  of  the  organ,  together  with  branches  to  the 
liver,  and,  perhaps  the  duodenum,  while  the  right  gives  branches  to  the 
posterior  surface  of  the  stomach,  about  two-thirds  of  its  fibres  passing  to  the 
solar  plexus.  The  gastric  branches  of  the  vagus  contain  for  the  most  part  non* 
medullated  fibres.] 

[From  the  solar  or  cceliac  plexus  branches — chiefly  composed  of  non- 
medullated  fibres — proceed,  constituting  the  gastric  plexus  of  the  splanchnic 
nerves  along  the  gastric  artery  to  the  stomach,  where  they  intermingle  with  the 
branches  from  the  vagi  under  the  peritoneal  covering.  Small  ganglia  exist  in 
the  course  of  these  nerves.  Branches  penetrate  the  coats  of  the  stomach  along 
with  the  arteries,  and,  between  the  longitudinal  and  circular  muscular  coats, 
form  Auerbach's  plexus,  and  Meissner's  plexus  in  the  sub-mucous  coat] 
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[Branches  from  Meissner's  plexus  pass  to  the  mucous  membrane,  some  to 
supply  the  muscularis  mucosae,  and  it  may  be  to  the  glands,  as  well,  but  this  latter 
point  has  not  been  proved  histologically.] 

Infloence  of  Nerves  on  the  Stomach. — Auerbach's  ganglionic 
plexus  of  nerve*iit>res  and  nerve-cells,  which  lies  between  the  muscular  coats 
of  the  stomach,  must  be  regarded  as  its  proper  motor  centre,  and  to  it  motor 
impulses  are  conducted  by  the  vagi.  Section  of  both  vagi  does  not  abolish, 
but  it  diminishes  the  movements  of  the  stomach.  The  muscular  fibres  of  the 
cardia  may  be  excited  to  action,  or  their  action  inhibited  by  fibres  which  run 
in  the  vagus  (Nn.  constrictores,  et  dilatator  cardise).  [If  the  vagi  be  divided 
in  the  neck,  there  is  a  short  temporary  spasmodic  contraction  of  the  cardiac 
aperture  On  stimulating  the  peripheral  end  of  the  vagus  with  electricity,  after 
a  latent  period  of  a  few  seconds,  the  cardiac  end  contracts,  more  especially  if 
the  stomach  be  distended,  but  the  movements  are  slight  if  the  stomach  be 
empty.  In  curarized  dogs,  the  pylorus  contracts  with  varying  intensity,  and 
irregularly,  whether  the  vagi  and  splanchnics  be  intact  or  divided.  Stimula- 
tion of  the  vagi  in  the  neck  causes  contraction  of  the  pylorus,  when  the  latent 
period  may  be  seven  seconds.  Stimulation  of  the  splanchnics  in  the  thorax 
arrests  the  spontaneous  pyloric  contractions,  the  left  splanchnic  being  more 
active  than  the  right  {Oser)."] 

In  the  cardim  are  automatic  ganglionic  cells  (analogous  to  the  cardiac  ganglia),  which  are 
connected  with  the  vagus  and  sympathetic.  [They  lie  in  groups  (1 1  in  the  rabbit)  and  are  not 
to  be  confounded  with  Auerbach*s  plexus.]  A  centre  for  the  contraction  of  the  cardia  lies  in 
the  poiterior  pair  of  the  corpora  quadrigemina ;  the  efferent  channels  for  the  impulses  seem  to 
be  through  the  vagi  and  partly  through  the  splanchnics.  The  centre  for  the  opening  of  the 
cardia,  [i.  e.,  the  origin  of  the  dilator  cardiac]  lies  in  the  anterior  inferior  end  of  the  corpus- 
ftriatum,  and  the  conducting  paths  in  the  vagi.  The  cardia  may  be  opened  reilexly  by  stimula- 
tion of  the  stensory  abdominal  nerves  [/.^.,  <^the  kidney,  uterus,  intestine]. 

The  body  of  tlie  stomach  also  possesses  a  few  automatic  ganglia  m  connection  with  the 
rtm  and  sjrmpathetic.  A  centre  for  its  contraction  lies  in  the  corpora  quadrigemina,  and  the 
ef&ent  paths  lie  in  the  vagi  but  chiefly  in  the  cord,  and  from  the  latter  into  the  sympathetic. 
Inhibitory  centres  lie  in  the  upper  part  of  the  cord,  and  the  efferent  paths  are  in  the  sympathetic 
and  splanchnics. 

The  pylomt  also  contains  automatic  centres.  The  centre  for  opening  the  cardia  inhibits 
the  flM>veaBent  of  the  pylorus,  the  path  being  throusfa  the  cord  and  splanchnics.  Inhibitory 
pyloric  centres  lie  in  the  corpora  quadrigemina  and  olives,  the  paths  are  in  the  cord.  The  centre* 
in  the  cortex  [sulcus  cruciatus]  for  opening  the  cardia  at  the  same  time  contract  the  pylorus. 
The  contraction-centres  for  the  pylorus  lie  in  the  corpora  quadrigemina  (  Operuhowski),  [These 
results  refer  to  the  dog  and  rabbit.]  • 

Local  electrical  stimulation  of  the  surface  of  the  stomach  causes  circular  constrictfons  of 
the  organ,  which  disappear  very  gradually,  while  the  movement  is  often  propagated  to  other 
parts  of  the  gastric  waiL  When  heated  to  25^  C,  the  excised  empty  stomach  exhibits  move- 
ments. Injury  to  the  peduncnli  cerebri,  optic  thalamus,  medulla  oblongata,  and  even  to  the 
cervical  part  of  the  spinal  cord,  according  to  Schiff,  causes  paralysis  of  the  vessels  of  certain  areas 
of  the  stomach,  resulting  in  congestion  and  subsequent  hemorrhage  into  the  mucous  membrane. 
[It  is  no  uncommon  occurrence  to  find  hemorrhage  into  the  gastric  mucous  membrane  of  rabbits, 
after  they  have  been  killed  by  a  violent  blow  on  the  head.] 

[Action  of  Drugs. — The  automatic  centres  are  excited  by  emetin,  apomorphin,  tartar 
emetic,  while  mnscarin  causes  general  contraction  of  -the  stemach.  The  activity  of  the  auto- 
matic centres  is  diminished  l^  chloral,  urcthan,  morphin,  and  nicotin,  while  atropin  causes- 
paralysis  of  the  nerve-endings  {^£.  SchUit).'] 

158.  VOMITING. — Mechanism. — Vomiting  is  caused  by  contraction 
of  the  walls  of  the  stomach,  the  pyloric  sphincter  being  closed.  It  occurs  most 
readily  when  the  stomach  is  distended — (dogs  usually  greatly  distend  the 
stomach  by  swallowing  air  before  they  vomit) ;  it  readily  occurs  in  infants,  in 
whom  the  cul-de-sac  at  the  cardia  is  not  developed.  It  is  quite  certain  that 
in  children  vomiting  occurs  through  contraction  of  the  walls  of  the  stomach, 
without  the  spasmodic  action  of  the  abdominal  walls.  When  vomiting  is 
violent,  the  abdominal  muscles  act  energetically.      [The  act  of  vomiting  is 
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generally  preceded  by  a  feeling  of  nausea,  and  usually  there  is  a  rush  of  saliva 
into  the  mouth,  caused  by  a  reflex  stimulation  of  afferent  fibres  in  the  gastric 
branches  of  the  vagus,  the  efferent  nerve  for  the  secretion  of  saliva  being  the 
chorda  tympani.  After  this  a  deep  inspiration  is  taken,  and  the  glottis  closed, 
so  that  the  diaphragm  is  firmly  pressed  downwards  against  the  abdominal  con- 
tents, and  it  is  kept  contracted ;  the  lower  ribs  are  pulled  in.  The  diaphragm 
being  kept  contracted  and  the  glottis  closed,  a  violent  expiratory  effort  is  made, 
so  that  the  contraction  of  the  abdominal  muscles  acts  upon  the  abdominal  con- 
tents, the  stomach  being  forcibly  compressed.  The  cardiac  orifice  is  opened 
at  the  same  time,  and  the  contents  of  the  stomach  are  ejected.  The  chief 
agent  seems  to  be  the  abdominal  compression,  but  the  walls  of  the  stomach 
also  help,  though  only  to  a  slight  extent.] 

The  contraction  of  the  walls  of  the  stomach,  which  causes  a  general  dimination  of  the  gattric 
cavity,  is  not  a  true  anti-peristal&is,  as  can  be  seen  in  the  stomach  when  it  is  exposed.  Tbe 
caraia  is  opened  by  the  longitudinal  muscular  fibres,  which  pull  towards  the  lower  orifice  of  the 
oesophagus,  so  that  when  the  stomach  is  full  they  must  act  as  dilators.  Tbe  act  of  vomiting  u 
preceded  by  a  ructus-like  dilating  movement  of  the  intra-thoracic  part  of  the  oesophagus,  wlucb 
is  caused  thus :  The  glottis  is  closed,  inspiration  occurs  suddenly  and  violently,  wherd^jr  the 
oesophagus  is  distended  by  gases  proceedmg  from  the  stomach.  The  larynx  and  hyoid  bone, 
by  the  combined  action  of  the  genio-hyoid,  stemo-hyoid,  stemo-thyroid,  and  thyro-bjroid  muscles, 
are  forcibly  pulled  forwards,  so  that  the  air  passes  from  the  pharynx  downwards  into  the  upper 
section  of  the  oesophagus.  If  the  abdominal  walls  contract  suddenly,  and  if  this  sudden  impulse 
be  aided  by  the  movements  of  the  stomach  itself,  the  contents  of  the  stomach  are  forced  outwards. 
During  continued  vomiting,  antiperistalsb  of  the  duodenum  may  occur,  whereby  bile  passes  into 
the  stomach,  and  becomes  mixed  with  its  contents. 

Children,  in  whom  the  fundus  is  absent,  vomit  more  easily  than  adults.  [In  them  also  tbe 
nervous  system  is  more  excitable.] 

Influence  of  Nerves. — The  centre  for  the  movements  concerned  in  vom- 
iting lies  in  the  medulla  oblongata,  and  is  in  relation  with  the  respiratory  centre, 
as  is  shown  by  the  fact  that  nausea  may  be  overcome  by  rapid  and  deep  respira- 
tions. In  animals,  vomiting  may  be  inhibited  by  vigorous  artificial  respiration. 
On  the  other  hand,  the  administration  of  certain  emetics  prevents  the  occur- 
rence of  apnoea. 

In  vomiting,  the  afferent  impulses  may  be  discharged  from(i)  the  mucous 
membrane  of  the  soft  palate,  pharynx,  root  of  the  tongue  (^glosso-pharyngeal 
nerve),  as  in  tickling  the  fauces  with  the  finger ;  (2)  the  nerves  of  the  stomach 
(vagus  and  sympathetic) ;  (3)  stimulation  of  the  uterine  nerves  (pregnancy) ; 
(4)  the  mesenteric  ^nerves  (inflammation  of  the  abdomen  and  hernia) ;  (5) 
nerves  of  the  urinary  apparatus  (passing  a  renal  calculus)  ;  (6)  nerves  to  the  liver 
and  gall-duct  {vagus)  ;  (7)  nerves  to  the  lungs  in  phthisis  {vagus).  Vomiting 
is  also  produced  by  direct  stimulation  of  the  vomiting  centre.  [The  efferent 
impulses  are  carried  by  the  phrenics  (diaphragm),  vagus  (oesophagus  and 
stomach),  and  intercostals  (abdominal  muscles).] 

Vomiting,  prxxhiced'by  the  thought  of  something  disagreeable,  appears^to  beeavsed  byiln,  ujp- 
duction  of  the  excitement  from  the  cerebrum  to  the  vomiting  centre.  [It  may  also  be  exdted 
through  the  brain  by  a  disagreeable  smell,  shocking  sight,  or  by  other  impressions  on  the  nerves 
of  special  sense.]  Vomiting  is  very  conmK>n  in  diseases  of  the  brain  [tubercle,  inflammarion, 
hemorrhage].     Section  of  both  vagi  generally,  but  not  always,  prevents  vomiting. 

Emetics  act  (i)  partly  by  mechanically  or  chemically  stimulating  the  ends  of  the  centripetal 
(afferent)  nerves  or  the  mucous  membrane.  [These  are  locat  emetics.]  Tickling  tbe  £uices, 
touching  the  surface  of  the  exposed  stomach  (dog) ;  and  many  chemical  emetics,  e.g,,  mustard, 
cupric  and  zinc  sulphate,  and  other  metallic  salts,  act  in  this  way.  (2)  Other  substances  cause 
vomiting  when  they  are  introduced  into  the  blood  (without  being  first  introduced  into  the  stomach), 
and  act  directly  upon  the  vomiting  centre,  e.g.,  apomorphin.  [These  are  general  emetics.]  (3) 
Lastly,  there  are  some  substances  which  act  in  both  ways,  e.g.,  tartar  emetic.  Emetics  may 
also  remove  mucus  from  the  lungs,  and  in  this  case  it  is  probable  that  the  emetic  acts  upon  the 
respiratory  centre,  and  so  favors  the  respirations.  The  general  emetics  usually  create  consider- 
able depression,  while  the  vomiting  lasts  longer  than  with  local  emetic*.  The  former  increase 
the  salivary,  gastric,  and  respiratory  secretions. 
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[Uses  of  Emetics. — Emetics  are  useful  not  only  for  removing  from  the  stomach  any  offend- 
iDg  body,  be  it  a  poison  or  the  products  of  imperfect  or  perverted  gastric  digestion,  or  bile  which 
has  passed  back  into  the  stomach,  but  foreign  bodies  impacted  in  the  oesophagus  may  be  got  rid 
of  on  exciting  vomiting  by  the  subcutaneous  injection  of  apomorphin.  As  the  diaphragm  con- 
tracts vigorously  during  vomiting,  it  compresses  the  liver,  and  thus  bile  is  expelled  into  the 
doodennm,  or  the  passage  of  a  small  calculus  along  the  bile-duct  may  be  aided.  They  also  are 
useful  in  removing  mucus  or  false  membranes  from  the  respiratory  passages.] 

[Anti-Emetics. — Vomiting  may  be  allayed  by  local  anti-emetics  such  as  ice,  and  many 
chemical  substances  such  as  bismuth,  hydrocyanic  acid,  opium,  and  morphia,  as  well  as  by  general 
remedies  which  act  on  the  vomiting  centre.  Some  of  the  foregoing  drugs  perhaps  act  both 
locally  and  generally.] 

Vomiting  is  aoalogous  to  the  process  of  rumination  in  animals  that  chew  the  cud  ({  187). 
Some  persons  can  empty  their  stomachs  in  this  way. 

159.  Movements  of  the  Intestine. — [The  intestines  consist  of  the 
small  and  large  intestine ;  the  small  intestine  commences  at  the  pylorus  and 
ends  at  the  junction  of  the  ileum  with  the  large  intestine  (/.  e,y  at  the  caecum), 
and  its  length  is  about  6^  metres  (about  20  feet)  (fig.  172).] 

[The  first  part  of  the  small  intestine  is  the  duodenum^  about  22  cm.  long  and  5  cm.  in 
diameter ;  of  the  remainder  the  upper  third  is  called  the  jejunum  (2.2  metres  long)  and  the 
lower  two-thirds  the  ileum  (about  4  metres  long),  but  there  is  no  line  of  demarcation  between 
these  parts,  the  one  shading  into  the  other.  The  large  •  intestine  is  about  1.4-1.8  metres 
long  (about  5  feet),  wider  than  the  small  and  extends  from  the  termination  of  the  ileum  to  the 
anas.  It  is  divided  anatomically  into  the  cacum  with  the  vermiform  appendix,  the  colon^  and 
the  rectum^ 

[Comparative  Length  and  Capacity  of  the  Intestines. — There  is  a  marked  difference 
between  the  intestinal  canal  of  berbivora  and  camivora.  Vegetable  food  requires  a  much  larger 
nunber  of  mechanical  and  chemical  aids  for  its  digestion  than  animal  food.  'The  intestinal  canal 
is  shortest  in  camivora  (cat,  lion,  dog),  longer  in  omnivora  (man,  apes),  and  longest,  sometimes 
very  long,  and  with  enormous  dilatations,  in  the  pure  herbivora.  In  the  tiger  and  lion  the  whole 
digestive  tract  is  3  times  as  long  as  the  body  (t.  ^.,  from  the  nose  to  the  anus) ;  in  the  dog,  5 ; 
chimpanzee,  6;  man,  9  times.  In  herbivora  it  is  11-26  times  as  long  as  the  body;  horse,  12 
times;  pig,  16 ;  ox,  20 ;  and  goat,  26  times.  The  intestinal  canal  of  the  horse  is  comparatively 
short,  but  its  capacity  is  very  great.  The  capacity  of  the  intestinal  tract  (excluding  ihe  stomach) 
is  in  the  ox,  80  litres ;  horse,  200 ;  pig,  27 ;  and  dog  8.  The  capacity  of  the  stomach  in  the  ox 
is  200,  and  in  the  hcH^e  only  10-18  litres.  The  superficial  area  of  the  intestinal  mucous  mem- 
brane is  in  the  ox,  15;  horse,  15-51 ;  pig,  3,  and  dog,  0-5  square  metres  (AfunJi).'] 

Peristalsis. — The  best  example  of  peristaltic  movements  is  afforded  by  the 
small  intestine ;  the  progressive  narrowing  of  the  tube  proceeds  from  above 
downwards,  thus  propelling  the  contents  before  it.  Frequently  after  death,  or 
when  air  acts  freely  upon  the  gut,  the  peristalsis  develops  at  various  parts  of  the 
intestine  simultaneously,  whereby  the  loops  of  intestine  present  the  appearance 
of  a  heap  of  worms  creeping  amongst  each  other.  The  advance  of  new  intes- 
tinal contents  again  increases  the  movement.  In  the  large  intestine  the  move- 
ments are  more  sluggish  and  less  extensive.  The  peristaltic  movements  may  be 
seen  and  felt  when  the  abdominal  walls  are  very  thin,  and  also  in  hernial  sacs. 
They  are  more  lively  in  vegetable  feeders  than  in  camivora.  The  peristalsis  is 
perhaps  conducted  directly  through  the  muscular  substance  itself,  as  in  the 
heart  and  ureter.  The  movements  of  the  stomach  and  intestine  cease  during 
sleep  (BuseA).  .,V,i1I»  Ma 

[Rate  of  Motion.— In  a  Thiry-Velly  fistula  (§  183,  II)  Fubini  estimated  the  rate  of  motion 
of  a  smooth  sphere  of  sealing-wax  along  the  intestine.  It  took  55  sec.  to  travel  i  cm.  [f  in.] ; 
&n  induction-current  greatly  increases  the  motion,  to  I  cm.  in  10  seconds ;  NaCl  does  not  affect 
It,  bat  excites  secretion ;  laudanum  paralyzes  it.] 

Method  of  Observation. — Open  the  abdomen  of  an  animal  under  a  .6  per  cent,  saline  so- 
lution to  prevent  the  exposure  of  the  gut  to  air  {Saunders  and  Braam-Houckgeesf), 

The  ileo-colic  valve,  as  a  rule,  prevents  the  contents  of  the  large  intestine 
from  passing  backwards  into  the  small  intestine. 

When  fhiid  is  slowly  introduced  into  the  rectum  through  a  tube,  it  passes  upwards  into  the 
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intestine,  and  even  goes  through  the  ileo-coUc  valve  into  the  small  intestine.  Moscarin  exdtcs 
very  lively  peristalsis  of  the  intestines,  which  may  be  set  aside  by  atropin  {Schmiediberg  and 
Koppe). 

Pathological. — When  any  condition  excites  an  acute  inflammation  of  the  intestinal  mocoos 
membrane,  catarrh  is  rapidly  produced,  and  very  strong  c  )ntractions  of  the  inflamed  pans  filled 
with  food  take  place.  When  these  parts  of  the  gut  become  empty,  the  movements  are  not 
stronger  than  normal.  If  new  material  passes  into  the  inflamed  part,  the  peristalsis  recurs,  Ik- 
comes  more  lively  than  normal,  and  the  result  is  diarrhoea  {^Noiknagel).  Sometimes  a  greatly 
contracted  part  of  the  small  intestine  is  pushed  into  the  piece  of  gut  directly  continuous  with  it, 
giving  rise  to  invagination,  or  intussusception. 

Anti-peristalsis,  /.  e,j  a  movement  which  travels  in  an  upward  direcdon 
towards  the  stomach,  does  not  occur  normally.  This  has  been  inferred  from 
the  fact,  that  in  cases  where  the  intestine  is  occluded,  called  ileus,  faecal  matter 
is  vomited.  Nothnagel's  experiments  throw  doubts  upon  this  view,  as  he  failed 
to  observe  anti-peristalsis  in  cases  where  ^the  intestine  was  occluded  artificially. 
The  faecal  odor  of  the  ejecta  may  result  from  the  prolonged  retention  of  the 
material  within  the  small  intestine. 

160.  EXCRETION  OF  F-ffiCAL  MATTER.— The  contents  of  the 
small  intestine  remain  in  it  about  three  hours,  and  about  twelve  hours  in  the 
large  intestine,  where  they  become  less  watery,  and  they  assume  the  characteis 
of  faeces,  become  "formed"  in  the  lower  part  of  the  great  intestine.  The 
faeces  are  gradually  carried  along  by  the  peristaltic  movement,  until  they  reach 
a  point  a  little  above  that  part  of  the  rectum  which  is  surrounded  by  both 
sphincters,  the  internal  sphincter  consisting  of  non-striped,  and  the  external  of 
striped  muscle.    ' 

Immediately  afler  the  expulsion  of  the  faeces  the  external  sphincter  (fig.  203, 
S,  and  fig.  204)  usually  contracts  vigorously,  and  remains  so  for  some  time. 
Afterwards  it  relaxes,  when  the  elasticity  of  the  parts  surrounding  the  anal 
opening,  particularly  of  the  two  sphincters,  suffices  to  keep  the  anus  closed. 
In  the  interval  between  two  evacuations  there  does  not  seem  to  be  a  continued 
tonic  contraction  of  the  sphincters.  As  long  as  the  faeces  lie  above  the  rectam, 
they  do  not  excite  any  conscious  sensations,  but  the  sensation  of  requiring  to 
go  to  stool  occurs  when  the  faeces  pass  into  the  rectum.  At  the  same  time,  the 
stimulation  of  the  sensory  nerves  of  the  rectum  causes  a  reflex  excitement  of 
the  sphincters.  The  centre  for  these  movements  (Budge's  centrum  anospinale) 
lies  in  the  lumbar  region  of  the  spinal  cord  (§  362) ;  in  the  rabbit  between  the 
sixth  and  seventh,  and  in  the  dog  at  the  fifth  lumbar  vertebra  (Afasius). 

In  animals  whose  spinal  cord  is  divided  above  the  centre,  a  slight  touch  in  the  region  of  tbe 
anus  causes  this  orifice  to  contract,  but  after  this  lively  reflex  contraction  the  sphincters  rdsx 
again,  and  the  anus  may  remain  open  for  a  time.  This  occurs  because  the  voluntary  impulses 
which  proceed  from  the  brain  to  cause  the  contraction  of  the  external  sphincter  are  absent. 

Landois  observed  that  in  dogs  with  the  posterior  roots  of  their  lower  lumbar  and  sacral  nertes 
divided,  the  anus  remained  open,  and  not  unfrequently  a  mass  of  fseces  remained  half  qected 
As  the  sensibility  of  the  rectum  and  anus  was  abolished  in  these  animals,  the  sphincters  oodd 
not  contract  reflexly,  nor  could  there  be  any  voluntary  contraction  of  the  sphincters,  the  result  of 
sensory  itopolsesfj^m  the  rectum. 

The  external  sphincter  can  be  contracted  voluntarily^  like  any  voluntary 
muscle,  but  the  closure  of  the  anus  can  only  be  effected  up  to  a  certain  d^ree. 
When  the  pressure  from  above  is  very  great,  the  energetic  peristalsis  at  laa 
overcomes  the  strongest  voluntary  impulses.  Stimulation  of  the  peduncles  of 
the  cerebrum  and  of  the  spinal  cord  below  this  point  causes  contraction  of  the 
external  sphincter. 

Defsecation. — The  evacuation  of  the  faeces,  which  in  man  usually  occurs  at 
certain  times,  begins  with  a  lively  peristalsis  of  the  large  intestine,  which  passes 
downwards  to  the  rectum.  In  order  that  the  mass  of  faeces  may  not  excite  re- 
flexly the  sphincter-muscles,  in  consequence  of  mechanical  stimulation  of  the 
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semorf  nerves 'ottbe^cechiro,  there  seons  to  bea  centie  which  ittfaibks  the 
itflex  actioo  of  the  s[Ainctei9,  which  is  called  into  play,  owing,  as  it  appears, 
10  voJuntary  impulses.  Its  seat  is  in  the  brain,  perhaps  in  the  optic  thalami. 
When  [his  inhibitory  apparatus  is  in  action,  the  fsscal  mass  passes  through  the 
anus,  without  causing  >t  to  close  reflexly.  The  strong  peristalsis  which  pre- 
cedes defiecation  can  be  aided,  and  to  a  certain  degree  excited  by  rapid  volun- 
tary movements  of  the  external  sphincter  and  levator  ani,  whereby  the  plexus 
myentericus  of  the  large  intestine  is  stimulated  mechanically,  thus  causing 
lively  peristaltic  movements  in  the  large  intestine.  The  expulsion  of  the  ffeces 
is  also  aided  by  the  pressure  of  the  abdominal  muscles,  and  most  efficiently 


Fig.  103. 
The  pcrinxom  and  ils  mntcles.     1,  ■□n>;    1,  coccyx;   3,  luheroaity;   4,  sciatic  ligamenti  5, 
cotyloid  caviiy;    B,  balbo-caYernoius  musclei   Ts,  niperiicial  tranlvene  periaeal  miucle; 
F,  &>cU  of  the  deep  truisvene  peiinnl  muicle;  J,  iscbio-cavernotus  muwle ;  M,  obtumlor 
interoni;  S,  eilemal  anal  sphiDcta;  L,  leritor  ani;  F,  pyrirormU. 

when  a  deep  respiration  is  taken,  so  as  to  lix  the  diaphragm,  whereby  the  ab- 
dominal cavity  is  diminished  to  the  greatest  extent.  The  soft  parts  of  the  floor 
of  the  pelvis,  during  a  strong  effort  at  stool,  are  driven  downwards  in  the  form 
of  a  cone,  causing  the  mucous  membrane  of  the  anus,  which  contains  much 
venous  blood,  to  be  everted.  The  function  of  the  levator  ani  (figs.  203,  304) 
b  to  raise  voluntarily  the  soft  parts  of  the  floor  of  the  pelvis,  and  to  pull  the 
anus  to  a  certain  extent  upwards  over  the  descending  faecal  mass.  At  the  same 
time,  it  prevents  the  distention  of  the  pelvic  fascia.  As  the  fibres  of  both  leva- 
tores  converge  below,  and  become  united  with  the  fibres  of  the  external 
sphincter,  they  aid  the  latter  during  energetic  contraction  of  the  sphincter ;  or. 
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as  Hyrtl  put  it,  the  levatores  are  related-  to  the  antis,  like  the  two  cords  of  a. 
tobacco  pouch.  During  the  periods  between  the  evacuation  of  the  gut,  the 
fsces  appear  only  to  reach  the  lower  end  of  the  signioid  flexure.     As  a  rule. 


Levator  an\  and  s[^inctec  ani  Htemm. 

from  thence  downwards,  the  rectum  is  noTmatly  devoid  of  faeces.  It  seems 
that  the  strong  circular  fibres  of  the  muscular  coat,  which  N^taton  has  called 
sphincter  ani  tertius,  when  they  are  well  developed,  contract,  and  prevent  the 
entrance  of  the  faeces.     When  the  tendency  to  the  evacuation  of  the  rectunv 


Fig.  205. 

Aucrbacb's  pUxus  showo  m  seciion  (human),     a,  gaogliomc  cells ;  i,  nerre-libm ; 

c,  section  of  the  circular  muscular  fibres;  J,  longitudinal  motcular  (Sbret. 

is  very  pressing,  the  anus  may  be  closed  more  firmly  from  without,  by  ener- 
getically rotating  the  thigh  outwards,  and  contracting  the  muscles  of  the  gluteal 
region. 
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161.  CONDITIONS  INFLUENCING  THE  INTESTINAL 
MOVEMENTS.— The  intestinal  canal  contains  automatic  motor  cen- 
tres within  its  walls, — the  plexus  myentericua  of  Aucrbach — which  lies 
between  the  longitudinal  and  circular  muscular  fibres  of  the  gut.  It  is  this 
plexus  which  enables  the  intestine,  when  cut  out  of  the  body,  to  execute, 
apparently  spontaneously,  movements  for  some  time. 

SStniclure. — Auerbacli'a  Plexus  coniiiU  of  non-medullited  nerve-tibres  which  fbrm  a 
7  dense  network,  groupE  of  guiglioD  cells  occurring  at  the  nodes  (lig.  206),  ind  when  seen 
in  TCnicml  KClioni  between  the  muscnlar  coals  il  ii  Tike  lig.  205.  A  similar  plexus  cilends 
ihroDghoDl  the  whole  intestine  between  tlie  longitudinal  and  circular  muscular  coats  from  the 
cesophagus  to  the  rectum.  Branches  are  ^ven  off  to  the  muscular  bundles.  A  similar,  but 
not  so  rich  a  plexus,  lies  in  the  sub-mucous  coat — MeiasitCT'a  pl«xua — which  gives  branches  to 
nipplf  the  muKularis  mucotae,  the  smoiyh  muscular  fibres  ol  the  villi,  and  the  glands  of  the 
intestine  {fig.  207).] 


Fig.  106. 
Plexus  of  Anerbach,  prepared  from  the  small  intestine  of  a  dog,  by  the  action  of  gold  chloride. 
Tbe  nerve  cells  are  shown  ai  the  nodes,  while  the  fibrils  proceeding  from  the  ganglia,  and 
''- '  g  fibres,  lie  between  the  muscnlar  bundle*. 


1.  If  this  centre  is  not  affected  by  any  stimulus,  the  movements  of  the  in- 
testine cease — comparable  to  the  condition  of  the  medulla  oblongata  in  apnoea. 
The  same  is  true — ^just  as  in  the  case  of  the  respi rati on^^lu ring  intra-ulerine 
life,  in  consequence  of  the  fcetal  blood  being  well  supplied  with  O.  This  con- 
dition may  be  tenned  aperistalsis.  It  abo  occurs  during  sleep,  perhaps  on 
account  of  the  greater  amount  of  O  in  the  blood  during  that  state. 

2.  When  blood  containing  the  normal  amount  of  blood-gases  passes  through 
the  intestinal  blood-vessels,  the  quiet  peristaltic  movements  of  health  occur 
(euperistalsis)  provided  no  other  stimulus  be  applied  to  the  intestine. 

3.  All  stimuli  applied  to  the  plexus  myeatericus  increase  the  peristalsis,  which 
may  become  so  very  violent  as  to  cause  evacuation  of  the  contents  of  the  large 
gut,  and  may  even  produce  spasmodic  contraction  of  the  musculature  of  the 
intestine.  This  condition  may  be  termed  dysperistalsis,  corresponding  to 
dyspncea.  The  eontiition  of  the  blood  flowing  through  the  intestinal  vessels 
affects  the  peristalsis. 
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Condition  of  the  Blood .--Dyap«1*talala  maf  be  produced  bj  (a)  intwiupflmt  the  crcn- 
lati<m  of  the  blood  in  tbe  inteuinei,  no  mattet  whether  ansmui  (m  after  compresnag  the  aofta— 
Sckiff)  or  venous  hyperemia  be  produced.     The  Ktimnlaiiiig  condition  U  ibe  want  of  O.  i'.  r., 
Ihe  increase  of  CO,.     Veij  ilighl  diitnrt>- 
ance  io  the  intestinal  blood .veasela,  r. ;., 
TCitoui  congestion  after  copioiu  Irusfiakia 
into  the  veins,  wherebir  the  ■bdominal  and 
portal  veins  become  congested,  caases  hi- 
cressed  peristalsis.    The  intestines  baoomc 
nodolated  at  tan  pan  and  naTTow  at  an- 
other, and  inTolnntai;  CTMuuioo  of  ibc 
feces  takes  place  when  there   ii  coogei- 
tion,  owing  to  tbe  pli^ging  of  the  inesii- 
nal  blood-vcssds  when  blood  fion)  aoocbci 
species  of  animal  is  nsed   for  tranafimDe 
(J  102).     The  marked  peristslni   whidi 
occurs  on  llie  ■roroach  of  death   is  bo- 
doubtedlj  due  to  the  derangements  of  ib« 
circulation,  and  the  conseqnenl  alleratkn 
of  (he  tuoouni  of  gases  in  the  blood  of  tbe 
intexiae.     The  same  i*  tme  of  tbe  in- 
creased movemeots  of  the  intestines,  wbich 
occur  a*  a  result  of  psychical  CKcitement, 
'■  g-i  B"ef-     '^^  stimaloii,   in   this  caw. 
passes    from  the  cerebrum   thiongh   tke 
medulla  oblongata  (vaso-motor  centre)  to 
the  intestinal  nerves,  and  Causes  amenia 
.  of  tbe  intestine  (corresponding  to  the  pal- 
lor occurring  elsewhere).     When  tbe  bot- 
mal  condition  of  the  circulation  is  reMond. 
the   peristalsis   diminishes.      (A)     Diirei 
stimulation  of  the  intestine,  conducted  to 
Ihe  plexus  mjentericus,  causes  dysferiita! 
lis;   direct  exposure  of  Ihe  iotestines  |o 
the  air  (stronger  when  CO,  or  CI    is  pti- 
ent) — introduction  of  various  irritating  sab- 
Fig.  Z07.  stances  into  the  intestine — increased  blling 
riexus  of  Meissner.   a,  ganglia;    6,   anastomosing  of  the  intestine  when  there  is  any  difficult; 
fibres;  f,  artery;  </,  vasO'notor  nerve-fibres  accom-  in  emptying  tbe  gut  (often  in  man) — di- 
panying  c.  red  stimulation  of  various  kinds  (also  io- 
flammaiioa), — all  act  upon  the  intestine, 
either  from  without  or  fiom  within.     Induction-shocks  applied  to  a  loop  of  intestine  in  a  bcmiaj 
sac  cause  lively  peristalsis  in  the  beniia.     With  increaung  heat,  at  first  lliere  is  diminished  move- 
ment or  cessation  of  movement  (stimulation  of  the  splanchnic)) ;  on  healing  M  43°  tbe  move- 


4.  The  continued  application  of  strong  stimuli  causes  the  dysperistalsls  to 
give  place  to  rest,  owing  to  over-stimulation,  which  may  be  called  "  intestioal 
paresis,"  or  exhaustion. 

This  condition  is  absolwely  different  fnmi  tbe  paarive  coodillon  of  the  intestine  in  apensulsis. 
Continued  congesiion  of  tbe  iniesllnal  blood-vessels  uliimaiely  causes  intestinal  paralyna,  e.  g., 
when  transfusion  of  foreign  blood  causes  coagulation  within  these  vessels.  Pilling  the  blood- 
vessels with  "indifferent"  fluids,  after  the  peristalsis  has  been  previously  brought  atiout  by 
compreising  the  aorta,  also  causes  cessation  of  the  movements  {O.  Nasse).  The  movemeou 
cease  when  the  Intestines  are  cooled  to  19°  C.  (HoroHUk),  while  severe  inflammation  of  ihe 
intestine  has  a  similar  effect.  Under  favorable  circumstances,  the  inicstine  may  recoTer  bom 
this  condhioD.  Arterial  blood  admitted  into  the  vessels  of  Ihe  exhan^ted  intcstme  canscs 
peristalsis,  wbich  at  first  is  mere  vigoroua  than  normal 

5.  The  continued  application  or  strong  stimuli  causes  complete  paralysis 
of  the  intestine,  such  as  occurs  after  violent  peritonitis,  or  inftammation  of  tbe 
musculature  or  mucous  coat  in  man.  In  this  condition  the  intestine  is  greatly 
distended,  as  the  para1yzt:d  musculature  does  not  offer  sufficient  resistance  to 
the  intestinal  gas«s  which  are  expanded  by  the  heat.  This  constitutes  the  con- 
dition of  meteorism. 
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Influence  of  Nerves. — With  regard  to  the  nerves  of  the  intestine,  stimula- 
tion of  the  vagus  increases  the  movements  (of  the  small  intestine),  either  by 
conducting  impressions  to  the  plexus  myentericus,  or  by  causing  contraction  of 
the  stomach,  which  stimulates  the  intestine  in  a  purely  mechanical  manner 
(^Braam-Houckgeesf).    The  splanchnic  is  (i)  the  inhibitory  nerve  of  the 
small  intestine  {FflUger),  but  only  as  long  as  the  circulation  in  the  intestinal 
blood-vessels  is  undisturbed,  and  the  blood  in  the  capillaries  does  not  become 
venous ;    when   the  latter  condition   occurs,   stimulation   of   the  splanchnic 
increases  the  peristalsis.     If  arterial  blood  be  freely  supplied,  the  inhibitory 
action  continues  for  some  time.     Stimulation  of  the  origin  of  the  splanchnics, 
of  the  spinal  cord  in  the  dorsal  region  (under  the  same  conditions),  and  even 
when  general  tetanus  has  been  produced  by  the  administration  of  strychnia, 
causes  an  inhibitory  effect.     It  is  inferred  that  the  splanchnic  contains  besides 
inhibitory  fibres — which  are  easily  exhausted  by  a  venous  condition  erf  the 
bloody  also  (2)  motor  fibres,  which  remain  excitable  for  a  longer  time, 
because  after  death  stimulation  of  the  splanchnics  always  causes  peristalsis,  just 
like  stimulation  of  the  vagus.     (3)  It  is  the  vaso-motor  nerve  of  the  intes- 
tinal blood-vessels,  so  that  it  governs  the  largest  vascular  area  in  the  body. 
When  it  is  stimulated,  all  the  vessels  of  the  intestine  which  contain  muscular 
fibres  in  their  walls  contract ;  when  it  is  divided,  they  dilate.     In  the  latter 
case,  a  large  amount  of  blood  accumulates  within  the  blood-vessels  of  the 
abdomen,  so  that  there  is  anaemia  of  the  other  parts  of  the  body,  which  may 
be  so  great  as  to  cause  death— owing  to  the  deficient  supply  of  blood  to  the 
medulla  oblongata.     (4)  It  is  the  sensory  nerve  of  the  intestine,  and,  under 
certain  circumstances,  it  may  give  rise  to  very  painful  sensations. 

As  sdmulation  of  the  ^lanchnic  contracts  the  blood-yessels,  von  Basch  has  raised  the  ques* 
Hon  whether  the  intestine  does  not  come  to  rest,  owing  to  the  want  of  the  blood,  which  acts  as 
a  stinralus.  Bnt,  when  a  weak  stimulus  is  applied  to  the  splanchnic,  the  intestine  ceases  to 
move  before  the  blood-ressels  contract  {van  Braam-Houckgeesf) ;  it  would  therefore  seem  that 
the  sdmulation  diminishes  the  excitability  of  the  plexus  myentericus.  According  to  Engel- 
mann  and  v.  Brake),  the  peristaltic  movement  is  chiefly  propagated  by  direct  muscular  conduc- 
tioo,  as  in  the  heart  and  ureter,  without  the  intervention  of  any  nerve-fibres. 

[Kffect  of  Nerves  on  the  Rectum. — The  nervi  erigentes,  when  stimulated,  causes  the 
longitudinal  muscular  fibres  of  the  rectum  to  contract,  while  the  circular  muscular  fibres  are  sup- 
plied  by  the  hypogastric  nerves.  Stimulation  of  tlie  latter  nerves  also  exerts  an  inhibitory  effect 
on  the  longitudinal  muscles.  Stimulation  of  the  nervi  erigentes  inhibits  not  only  the  spontaneous 
movements  of  the  circular  fibres  of  the  rectum,  but  also  those  movements  excited  by  stimulation 
of  the  hypogastric  nerves  i^Fellner)^ 

[Artificial  Circulation  in  the  Intestine. — Ludwig  and  Salvioli  excised  a  loop  of  intestine 
from  an  animal,  tied  a  cannula  into  an  artery  and  another  into  a  vein,  and  kept  it  in  a  warm,  moist 
atmosphere.  The  arterial  cannula  was  connected  with  a  vessel  containing  defibrinated  blood, 
to  which  different  drugs  could  be  added.  A  lever  rested  on  the  intestine  and  registered  its 
movements  on  a  recording  surface.  As  long  as  arterial  blood  was  transfused,  the  intestine  was 
nearly  quiescent,  but  when  it  was  arrested,  so  that  the  blood  became  venous^  a  series  of  con- 
tractioos  occurred.  Nicotin  diminished  the  flow  of  blood  and  quickened  the  intestinal  move- 
ments, while  at  the  same  time  the  circular  muscular  fibres  remained  contracted  or  tetanic. 
Ttrutur-e  of  opium,  in  the  proportion  of  .01  to  .04  in  the  blood,  causes  at  first  contraction  of  the 
vessels,  and  lessens  the  amount  of  blood  circulating  in  the  intestine ;  but  it  very  rapidly  increases 
— even  to  six  times — the  amount  of  blood  which  transfuses,  while  at  the  same  time  the  move- 
ments of  the  intestine  cease,  the  walls  of  the  intestine  being  contracted.  Peptone  caused  first 
strong  and  then  irregular  contractions] 

BfiTect  of  Drugs. — Amongst  the  reagents  which  act  upon  the  intestinal  movements  are : — 
(i)  Such  as  diminish  the  excitability  of  the  plexus  myentericus,  t.  ^.,  which  lessen  or  even 
abolish  intestinal  peristalsis,  e.  g.,  belladonna.  (2)  Such  as  stimulate  the  inhibitory  fibres  of  the 
splanchntc,  and  in  large  doses  paralyze  them^-opium,  morphia ;  I  and  2  produce  constipation. 
(3)  Other  agents  excite  the  motor  apparatus — nicotin  (even  causing  spasm  of  the  intestine), 
mnscarin,  caffein,  and  many  laxatives,  which  act  as  purgatives.  The  movements  produced  by 
muscarin  are  abolished  by  atropin.  These  substances  accelerate  the  evacuation  of  the  intestine, 
and«  owing  to  the  rapid  movement  of  the  intestinal  contents,  only  a  small  amount  of  water  is 
absorbed ;   so  that  the  evacuations  are  frequently  fluid.     (4)  Amongst  purgatives^  colocynth  and 

19 
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crotOD  oil  act  al  direct  irritanli.  Wilh  regard  10  drug*  of  ihii  tort,  ihey  item  to  ome  a  watci; 
transudalion  into  the  iDtcsliae,  jusl  as  croton  oil  causes  vesicles  when  applied  to  tbe  (kin.  (5) 
Calomel  it  uid  to  limit  the  alttoiptive  activity  of  tbe  intestinal  wall,  aod  to  control  the  decon- 
positions  in  the  intestine.  The  stools  are  Ibin  and  greenish,  from  the  admixture  of  biliierdui. 
(6)  Ceitain  saline  purgatives — sodium  sulphate,  magnesium  sulphate — cause  fluid  eracuUigiB 
by  tetaininglhe  water  in  the  intestine;  and  it  is  said  that  if  (hey  be  injected  into  the  blood- 
vessels of  atiimals,  they  caase  conslliwlion.  [When  a  ciyatal  or  Afotaik  tall  is  applied  to  the 
peiitoneal  surface  of  the  intestine  of  an  animal,  it  eau«s  merely  a  local  constriction  of  the  iniu. 
cular  fibres  of  the  gut,  while  a  sodium  tall  cicita  i 
f£.  contraction  which  pa&ses  upwards  towards  tbe  aomacb, 

-'  and  never  towards  the  rectum.     In  any  case  it  may  Krre 

§  as  B  useful  guide  to  the  surgeon,  in  determining  which  it 

9    gi  the  upper  end  of  a  piece  of  intestine  daring  an  tneiiiiaii 

I  on  the  intestines  (jVof^M^f/).] 


Fig.  io8.  Fig.  2K>. 

Fig.  zoS. — Vertical  section  of  the  wall  of  the  human  stomach  X  15.  E.,  epiihdiami  CL, 
glands;  -Iftn.,  muscularis  raucoste.  Fig.  209. — Goblel-cells  of  the  stomach.  Fig.  1 10.— 
Snrface  section  of  the  dog's  gastric  mucous  meml>rane,showing  pits,  i,  i,'  a,  ihe  Mevatwu 


riB.jii. 

1.  Transverse  section  ol  a  duct  of  a  fundus-gland — a,  membrana  propria;  i,  mucus-secreiinc 
goblet-cells  ;  c,  adenoid  interstitial  substance.  II.  Transverse  sectjon  of  a  fundus-gland— 
a,  chief,  h,  parietal  cells;  r,  adenoid  tissue  ;  c,  ci^illaries. 
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[S«line  CatiMTtics. — A  mU  eieru  k  genuine  exciio- secretory  action  on  the  glands  of  the 
Intestioet,  whilst  at  the  same  lime,  in  virtue  of  its  low  diffusibility,  il  impedes  absorption. 
Thos,  belireeD  stimulated  secretion  aad  impeded  abiorplion  there  is  an  BCCumnlalion  of  fluid 
within  the  canal,  which  reaches  the  reclum  and  results  in  pargition.  Purgation  does  □«  ensue 
when  water  is  withheld  from  the  diet  far  one  or  two  days  previous  to  the  administialion  of  the 
salt  in  a  concentrated  form.  When  a  concentrated  scJution  of  a  salt  i>  adininistered  (o  an 
uumal  whose  alimentary  onal  is  onpty,  bnt  whose  blood  il  in  a  natural  state  of  dilution,  the 
blood  becomes  rapidly  very  concentrated,  and  reaches  the  maximum  of  its  concentration  in  from 
half  Ml  hour  to  an  hour  and  a  half;  within  four  hours  the  blood  has  gradually  returned  to  its 
nonoal  state  of  concentration,  without  having  reabsorbed  fluid  from  the  intestine.  It  apparently 
recoups  itself  from  the  tissueliuids.  The  salt— mlphale  of  magnesia  or  sulphate  of  soda — be- 
romes  split  Dp  in  the  sinall  intestine,  and  the  add  is  more  rapidly  absorbed  than  the  base.  A 
ponion  of  the  absorbed  acid  shortly  afterwards  returns  to  the  intestines,  evidently  through  the 
intestjnal  glands.  The  salt  does  not  purge  when  injected  into  the  blood,  and  excites  no  intestinal 
KCrction  i  nor  does  it  purge  when  injected  subcutaneously.  unless  on  account  of  its  causing 
local  iirilatkia  of  the  abdominal  subcntaneous  tissue,  which  acts  reflexly  on  the  intestines,  dilating 
their  bkxxl-Tessels,  and  perhaps  stimulating  their  muscular  movements  [Af.  Hay)C\ 

162.  STRUCTURE  OF  THE  STOMACH.— [The  stomach  receives 
the  bolus,  and  secretes  a  juice  which  acts  on  certain 
constituents  of  the  food,  while  by  its  muscular  walls  it 
moves  the  latter  within  its  own  cavity,  and  after  a  time 
Miprls  the  partially  digested  products  or  chyme — 
towards  the  duodenum.  In  the  adult  when  moderately 
distended  its  length  is  about  28  cm.  and  its  greatest 
width  10  cm.] 

[Structure. — The  walls  of  the  stomach  consist  of 
four  coats,  which  are  from  without  inwards  (fig.  zo8). 

(1)  The  serous  layer,  from  the  peritoneum, 

(2)  The  muscular  layer,  composed  of  three  layers 

of  Don-striped  muscular  fibres — (a)  longitudi- 
nal, (1*)  circular,  (c)  oblique. 

(3)  The  sub-mucous  layer  of  loose  connective- 

tissue,  with  the  larger  blood-vessels,  lymphatics, 
and  nerves. 

(4)  The  mucous  layer,  containing  the  secretory 

glands,] 
The  well -developed  mucous  membrane  of  the 
stomach  is  thrown  into  a  series  of  folds  or  rugse,  in  a 
contracted  condition  of  the  organ.  With  the  aid  of  a 
hand-lens,  it  is  seen  to  be  beset  with  small  irregular 
depressions  or  pits  (tig.  aio).  Throughout  its  entire 
extent  it  is  covered  by  a  single  layer  of  moderately  tall, 
narrow,  cylindrical  epithelium,  which  seeros  to 
consist  of  mucus-secreting  goblet-cells  (fig.  209). 
The  epithelium  is  sharply  defined  at  the  cardia  from 
the  stratified  epithelium  of  the  cesophagus,  and  also  at 
the  pylorus,  from  the  true  cylindrical  epithelium  with  j^jg,  2ij_ 

the  striated  disc  in  the  duodenum.     [The  cells  contain      isolated  pyloric  gland. 
a  plexus  of  fibrils,  and  in  the  passive  condition  seem 

to  consist  of  two  zones,  an  inner  clear  part,  next  the  lumen  of  the  organ,  con- 
sisting of  a  substance  (mucigen)  which  yields  mucus,  the  attached  end  of  the 
c«ll  being  granular.]  The  oval  nucleus  lies  about  the  centre  of  the  cells. 
Spindle -shaped,  nucleated  cells,  probably  for  replacing  the  others,  are  said  by 
Ebstein  to  occur  at  their  bases.  All  the  cells  are  open  at  their  free  ends,  so 
that  the  mucus  is  readily  discharged,  leaving  the  cells  empty.  Numerous  tubu- 
lar glands  of  two  distinct  kinds  arc  placed  vertically,  like  rows  of  test-tubes, 
in  the  mucous  membrane. 
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The  cardiac  portion  of  the  gastric  mucous  membrane  consists  of  a  number 
of  microscopic  tubular  glands  [5  mm,  to  j  mm.  in  length  and  50-80  ju  in  width], 
placed  side  by  side  in  a  vertical  position, — the  fundus-glands  of  Heidenhain, 
otherwise  called  peptic,  or  cardiac.  Several  gland-tubes,  which  are  wider 
below,  usually  open  into  the  duct  (fig.  213).  Each  gland  consists  of  a  struc- 
tureless membrana  propria  with  anastomosing  branched  cells  in  relation  with  it. 
[Each  gland  has  a  "  mouth,"  by  which  it  opens  into  the  stomach  ;  the  mouth 
and  duct  together  form  about  one-third  of  the  gland.     The  deeper  part  of  the 


Fig.  313. 

Vertical  seciioo  of  tbe  gasliic  mucous  membraDe.  g,g;piison  the  surface;  /,  neck  of  afoodus- 
gland  opening  into  a  duel,  g;  x,  parielal,  and^,  chief  celU;  a,  v,  c,  artery,  vein,  capilla- 
liesi  d,  d,  lymphatics,  emptying  into  a  large  trunk,  t. 

gland,  called  the  "body  "  or  "secretory  part,"  the  largest  part  of  the  gland, 
is  joined  to  the  duct  by  a  "neck."]  The  duct  is  short,  about  onc-fifih  to  one- 
third  of  the  whole  tube,  and  is  lined  by  a  layer  of  cells  like  those  lining  the 
stomach,  while  the  secretory  part  of  the  tubes  is  lined  throughout  by  a  layer 
of  faintly  granular,  short,  small,  polyhedral,  or  columnar  nucleated  cells.  These 
cells  border  the  very  narrow  tortuous  lumen,  and  are  called  principal,  chief, 
central  (fig.  211,  11,  a),  or  adelomorphous  cells  (-i^,:*"*,  hidden).  At 
various  places,  between  these  cells  and  the  membrana  propria,  are  large,  oval. 
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or  angular,  well-defined,  coarsely  granular,  densely  reticulated,  nucleated  cells, 
the  parietal  cells  of  Heidenhain,  the  delomorphous  cells  of  Rollett,  the 
oxyntic  {S^uvetv^  to  sharpen,  acidulate),  or  acid-forming  cells  of  Langley  (fig. 
211,  II,  ^),  or  ovoid  cells.  They  are  most  numerous  in  the  neck  of  the  glands, 
and  less  so  and  larger  in  the  deep  blind  end  or  fundus  of  the  tubes.  These  cells 
do  not  form  a  continuous  layer,  and  are  stained  deeply  by  osmic  acid  and  ani- 
line bine  (fig.  217),  so  that  they  are  readily  distinguished  from  the  other  cells. 
They  bulge  out  the  membrana  propria  of  the  gland  opposite  where  they  are 
placed.  The  parietal  cells  in  man  are  said  to  reach  to  the  lumen  of  the  gland-tubes 
\Stdhr).  Isolated  cells  are  sometimes  found  under  the  epithelium  of  the  sur- 
face of  the  stomach,  and  occasionally  in  individual  pyloric  glands.  The  fundus- 
glands  are  most  numerous  (about  five  millions),  and  are  of  considerable  size  in 
the  fundus.  At  the  cardia  there  is  a  circular  layer  of  gland-tubes  without  parietal 
cells  which  secrete  a  diastatic  ferment  {Edeimann), 

2.  The  pyloric  glands  occur  only  in  the  region  of  the  pylorus,  where  the 
mucous  membrane  is  more  yellowish-white  in  color  (fig.  212).  These  glands 
are  generally  branched  at  their  lower  ends,  so  that  several  tubes  open  into  a 
single  duct  [which,  in  contra-distinction  to  the  duct  of  the  cardiac  glands,  is 
wide  and  long,  extending  often  to  half  the  depth  of  the  mucous  membrane. 
They  are  not  so  closely  packed  as  the  fimdus  glands.  The  mouth  and  duct 
are  lined  by  epithelium  like  that  lining  the  stomach,  while  the  secretory  part 
is  lined  by  a  single  layer  of  short,  finely  granular,  columnar  cells,  whose  secre- 
tion is  quite  different  from  that  df  the  cells  lining  the  duct.  The  lumen  is  well 
defined.  Nussbaum  has  occasionally  found  other  cells,  which  stain  deeply  with 
osmic  acid,  between  the  bases  of  these.  The  appearance  of  the  cells  differs 
according  to  their  state  of  physiological  activity  (figs.  215,  216).  When  they 
are  exhausted  they  are  smaller  and  more  granular,  owing  to  the  denser  reticu- 
lation of  their  net-work  ;  at  any  rate  they  are  granular  in  preparations  hardened 
in  alcohol  {fig,  216).  There  are  no  parietal  cells.]  [Mahl  by  try ptic  digestion 
has  shown  that  the  basement  membranes  of  the  gastric  and  other  intestinal 
glands  can  be  resolved  into  fibrils.] 

3.  The  glands  are  supported  by  very  delicate  connective-tissue  mixed  with 
adenoid  tissue  (fig.  211)^  Below  this  are  two  layers,  circular  and  longitudinal, 
of  non-striped  muscle,  the  muscularis  mucosae  (fig.  208,  3/w.),and  from  it 
fine  processes  of  smooth  muscular  fibres  pass  up  between  groups  of  the  glands 
towards  the  free  epithelial  surface  of  the  mucous  membrane.  Perhaps  these 
processes  are  concerned  in  emptying  the  glands.  [In  the  gastric  mucous  mem- 
brane of  the  cat,  there  is  a  clear  homogeneous  layer,  which  is  stained  red  by 
picro-carmine,  and  placed  immediately  internal  to  the  muscularis  mucosae.  It 
is  pierced  by  the  processes  passing  from  the  muscularis  mucosae.] 

Masses  of  adenoid  tissue  occur  in  the  mucous  membrane,  especially  near 
the  pylorus,  constituting  lymph -follicles,  which  are  comparable  to  the  soli- 
tary glands  of  the  small  intestine.  The  lymphatics  are  numerous,  and  begin 
close  under  the  epithelium  by  dilated  extremities  or  loops  (fig.  213,  d)  \  they 
run  vertically  between  the  gland-tubes  and  anastomose  in  the  mucosa  between 
the  gland-tubes,  which  they  envelop  in  sinus-like  spaces.  They  join  large 
trunks  in  the  mucosa ;  another  plexus  of  large  vessels  exists  in  the  sub- mucosa 
(Z^w^/r). 

[The  Nerves. — A  plexus  of  non-medullated  nerve-fibres  and  a  few  ganglion 
cells  exist  in  the  muscular  coat  [Auerbach's],  and  another  [Meissner's]  in 
the  sub-mucosa.] 

The  blood-vessels  are  very  numerous  (fig.  214).  Small  arterial  branches, 
a,  run  in  the  sub-mucosa,  and  ascend  between  the  glands  to  form  a  longitudinal 
capillary  network,  r,  c,  under  the  epithelium,  and  between  its  meshes  the  gland- 
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ducts  Open,  g.  The  veins  gradually  collect  from  this  horizontal  capillary  net- 
work, and  run  towards  the  large  veins  of  the  sub-niucosa,  v. 

[Transition  from  Stomach  to  Duodenum. — If  a  section  be  made  through 
the  junction  of  the  stomach  with  the  duodenum,  it  shows  the  appearances  pre- 
sented in  fig.  214.  The  glands  of  Brunner  in  the  duodenum  arc  seen  to  be 
homologous  with  the  pyloric  glands,  but  in  the  duodenum  the  acini  of  tbe 
glands  of  Brunner  lie  in  the  sub-mucous  coat,  while  in  the  mucous  coat  itseir 
the  glands  of  Lieberkiihn  appear,  and  with  them  the  villi  so  characteristic  of 
the  small  intestine.] 

163.  THE  GASTRIC  JUICE.— Properties.— The  gastric  juice  is  a 
tolerably  clear  colorless  fluid,  with  a  strong  acid  ruction,  sour  taste,  and 
peculiar  characteristic  odor ;  it  rotates  the  plane  of  polarized  light  to  the  left. 


Vertical  section  of  ihi  blood- vessels  iojecwd. 

V.         .  .  lue. 

It  is  not  rendered  turbid  by  boiling,  and  resists  putrefaction  for  a  long  tine. 
Its  specific  gravity  ^  1002.5  ("^of;!  1005).  and  it  contains  only  }4  P^r  cent,  of 
solid  constituents.  The  quantity  secreted  in  34  hours  was  estimated  by 
Beaumont,  from  observations  upon  Alexis  St.  Martin,  who  had  a  gastric  tisiala 
(1834) — at  only  180  grms.  daily  (!);  by  Grunewald  (1853),  in  a  similar  ax, 
as  equal  to  26.4  per  cent,  of  the  body-weight;  while  Bidder  and  Schmidt 
(from  corresponding  observations  on  dogs)  estimated  it  as  equal  to  6j4  l"'"*- 
daily,  corresponding  to  -^  of  the  body-weight.     It  contains  : — 

(i)  Pepsin,  the  characteristic  hydrolytic  ferment  or  enzyme,  which  in  an 
acid  medium  dissolves  proteids.  E.  Schiiiz  obtained  0.41  to  1.17  per  cent, 
from  a  fasting  person  by  means  of  the  (esophageal  sound. 
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(2)  Free  hydrochloric  acid  (Prmt,  1834),  q.%  to  0.3  {Rkhet,  0.8  to  a.i) 
per  cent.;  (in  the  dog,  0.52  per  cent.).  The  acid  occurs  as  /ret  hydrochloric 
acid,  as  from  the  gastric  juice  there  can  always  be  obtained  more  free  chlorine 
than  bases  to  which  the  latter  can  be  united  {C.  Schmidt).  Lactic  acid  is 
uiually  met  with,  but  it  arises  from  the  fermentation  of  the  carbohydrates  of 
the  food. 

Tests. — Free  hydrochloric  acid  ii  detected  by  the  following  teactioai :  0.025  PC  cent. 
lolglioD  of  methyl 'Violet  becomes  blue,  especially  aflei  tanaic  acid  has  been  added  to  the  Huid  ; 
nt  alltaline  solntion  of  oo-tropieolin  becomes  lilac ;  or,  red  Bordeaux  wine,  treated  with  amylic 
ilcobol  until  its  eolot  almost  disappean,  becomes  rose-colored.     An  unflic  alcohol  extract  of 


Fig-  2«S-      ■  Pylor 

Section  of  the  pyloric  mucous  membrane. 

ripe  IxlberTies  is  mid«  red  by  dilute  HCI,  [GDnzbui^  recommends  an  atcoboltc  solution  of 
phloTDgluc  in 'Vanillin.  2  grams  of  phloroglucin  are  mixed  with  I  gram  of  vanillin  iu  30  grams 
of  abaoliite  alcohol,  which  gives  a  yellowish-red  solution.  Concentrated  and  even  very  weak 
mineral  acids  cause,  with  this  solution,  a  bright  red  color  with  the  foimalion  of  bright  red 
crystals,  while  concentrated  organic  acidi  do  not  affect  it.  For  gastric  juice,  mii  equal  quantities 
of  the  filtered  gastric  juice  and  the  above  solution  in  a  watch-glass,  and  evaporate  carefully,  not 
allowing  it  to  boil;  a  red  pellicle  with  red  ciystall  indicates  the  presence  of  minute  traces  of 
hydrochloric  acid.  Congo-red,  either  in  solution  or  as  Congo  red  papers,  bci^omes  blue,  but  tho 
reaction  i£  inttrfeied  with  by  the  presence  of  ammonia,  or  ammoniacal  salts.] 

Lactic  Acid. — The  fredily-prepared  blue  solution  of  10  c.  c.  of  a  4  per  cent,  solution  of 
carbolic  acid,  with  aoc.  c.of  distilled  water,  and  I  drop  of  liquor  ferri  percbloride,  is  chai^d  to 
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yellow  by  lactic  acid  ( Uffelmann),    Allow  the  fluid  to  drop  into  the  test ;  at  the  point  of  cootact 
there  is  a  dtron-yellow  color. 

(3)  The  large  amount  of  mucus  covering  the  surface  of  the  mucous  mem- 
brane is  secreted  by  the  goblet-cells  of  the  mucous  membrane  (§  162). 

(4)  Mineral  salts  (2  per  1000). 

They  are  chiefly  sodium  and  potassium  chlorides,  less  calcic  chloride  (ammonium  chloride,  also 
in  animals),  and  the  compounds  of  phosphoric  acid  with  lime,  magnesium,  and  iron. 

(5)  A  milk-curdling  ferment  (rennet  or  rennin). 

Amongst  foreign  substances,  which  may  be  introduced  into  the  body,  the  following  appear  m 
the  gastric  juice — HI,  after  the  use  of  potassium  iodide — ^potassium  sulphocyanide,  ferric  lactate, 
and  sugar;  and  ammonium  carbonate  in  uraemia. 

[Composition  of  Gastric  Juice  i^Hoppe-Seyler  after  C.  Schmidt), 


Constituents. 


Water,  .... 
Organic  matter, 
FreeHCl,  .  . 
CaClj,  .... 
NaCl,  .... 
KCl,  .... 
NH^Cl,  .  .  . 
Ca33(PO,),  .  . 
Mg,2(POJ.  . 
FePO^     .    .    . 


I. 
Human. 


} 


994.404 

3195 
0.200 

0.061 

1.465 
0.550 


0.125 


{ 


II. 


III. 


Dog. 


With  saliva. 

No  saliva 

971.171 
17.336 

973.062 
17.127 

2.337 
I.661 

3.050 
0.624 

3.147 

2.507 

1.073 
0.537 

1. 125 

0.468 

2.294 

0.323 
0.121 

1.729 
0.226 
0.082 

IV. 
Snecp. 


986.143 

4.055 
1.234 

0.II4 

4.369 
I.518 

0.473 
1. 182 

0.577 
0.33' 


I 


Good  human  saliva  is  not  so  dilute  or  so  poor  in  HCl  as  No.  I.  Szabo  has  found  even  3  of 
HCl  per  1000  in  mauj 

[Comparative. — Ine  above  table  shows  that  the  gastric  juice  of  mammals  has  approximately 
the  same  composition  as  that  of  man,  but  there  is  more  acid  in  the  case  of  the  camivora  than  in 
herbivora  and  man.  The  acidity  is  very  considerable  in  fishes.  It  is  said  that  in  certain  inver- 
tebrates (crustaceans),  the  gastric  juice  is  alkaline.] 

[The  pepsin  in  frogs  seems  to  be  different  from  that  in  mammals,  at  least  it  is  active  at  0°  C 
at  which  temperature  mammalian  pepsin  is  inactive.] 

[The  gastric  juice  of  new-bom  dogs  and  rabbits  does  not  contain  pepsin,  but  it  appears  a  fev 
days  after  birth.  In  the  dog,  according  to  Hammarsten,  pepsin  is  formed  until  the  third  week 
after  birth  ;  while  pepsin  is  present  in  the  human  foetal  mucous  membrane  just  before  birth,  the 
acid  appears  much  sooner.] 

164.  SECRETION  OF  GASTRIC  JUICE.— After  the  discovery  of 
the  two  kinds  of  glands  in  the  stomach  and  the  two  kinds  of  cells  in  the  fundus- 
glands,  the  question  arose  as  to  whether  the  different  constituents  of  gastric 
juice  were  formed  by  different  histological  elements. 

Changes  of  the  Cells  during  Digestion. — During  the  course  of  digestion,  the  cells  of  the 
fundus  (and  pyloric  glands,  dog)  undergo  important  changes  {Heidenhcdn),  During  hunger, 
the  chief  cells  are  clear  and  large,  the  parietal  investing  cells  are  small,  the  pyloric  cells  cUar 
and  of  moderate  size.  During  the  first  six  hours  of  digestion,  the  chief  cells  become  enlarged 
and  moderately  turbid  or  granular,  the  parietal  cells  also  enlarge,  while  the  pyloric  cells  remain 
unchanged  (fig.  217).  The  chief  cells  become  diminished  and  more  turbid  or  granalar  until  the 
ninth  hour,  the  parietal  cells  are  still  swollen,  and  the  pyloric  cells  enlarge  (fig.  217,  D).  Dming 
the  last  hours  of  digestion,  the  chief  cells  again  become  larger  and  clearer,  the  parietal  cells 
diminish,  the  pyloric  cells  decrease  in  size  and  become  turbid  (figs.  215,  216). 

[Langley  gives  a  different  description  of  the  appearances  presented  by  these  cells.  The 
results  may  l^  reconciled  by  remembKsring  that  the  gland-cells  were  examined  under  difierent 
conditions.  The  secretory  cells  consist  of  a  cell-substance  composed  of  (a)  a  framework  of  liriog 
protoplasm,  either  in  the  form  of  an  intracellular  fibrillar  network,  or  in  flattened  bands.  The 
meshes  of  this  framework  enclose  at  least  two  chemical  substances,  viz.,  (6)  a  hyaline  substance 
in  contact  with  the  framework,  and  (r)  spherical  granules  which  are  imbedded  in  the  hyaline 
substance.     During  active  secretion,  the  granules  decrease  in  number  and  size,  the  hyaline  sob- 


Sec.  164.]         CHANGES    OP  THE    GASTRIC   CELLS    DURING    SECRETION.        29/ 

diacc  incnuei  in  tmounl,  the  aetwork  grows.  This  is  the  reverse  of  vbtt  is  Mated  above  is 
ihe  ofawTvation  of  Heidenhain,  but  the  granular  appearaace  described  bjr  Heidenhain  aller  secre- 
lioo  is  leiy  probably  due  to  the  action  of  the  hardening  agenl,  altohol.  Langley  found  Ibat  in 
Ihc  living  coDditioD,  or  after  the  use  of  osmic  acid,  in  socae  aninmla  at  least,  the  chief  cells  are 
granular  daring  reS,  but  during  a  state  of  activity  two  zones  are  ditferentiated — an  outer  one, 
wbicb  is  dear,  owing  to  (he  disappearance  of  the  granules,  and  an  inner  more  or  less  granular 
ooE.  Grannies  reappear  in  the  outer  part  aRer  real.  During  digestion,  the  parietal  cells  increase 
in  liie,  bat  do  not  become  granular.  In  all  cells  containing  much  pepsinogen  distinct  granules 
ire  present,  and  the  quantity  of  pepsitiogen  varies  directly  with  the  nutnber  and  siz«  of  the 
graDnles,  In  the  glands  of  some  animals  there  is  little  difference  between  the  resting  and  active 
phuci.     Compare  Serous  Glands,  \  143,  and  Pancrtai,  \  168.] 


Fig.  117. 

Fundus  glands  of  dog  stained  with  aniline  blue.  A  and  A',  when  animal  wis  starved  ;  B,  lir«t 
stage  of  digestion,  enlai^ment  of  Ihc  chief  cells  ;  C  and  H,  second  stage  of  digestion. 
progressive  diminution  and  increased  tutbidily  of  the  chief  cells  (f/eiJfnhain). 

Pepsin  is  formed  in  the  chief  cells  of  the  fundus-glands.  When  these 
are  large,  they  contain  much  pepsin  ;  when  they  are  turbid,  the  amount  is 
small.  The  pyloric  glands  are  also  said  to  secrete  pepsin,  but  only  to  a  small  /- 
Mtent.  Pepsin  accumulates  during  the  first  stage  of  hunger,  and  it  is  eliminated  ' 
during  digestion,  and  also  during  prolonged  hunger.  Pepsin,  as  such,  is  not, 
present  within  the  cells,  but  only  as  a  "  mother-substance,"  a  pepsinogen- 
substance  (zymogen),  or  propepsin,  which  occurs  in  the  granules  of  the 
chief  cells.  This  zymogen,  or  mother-substance,  by  itself,  has  no  effect  upon 
proteids ;  but  if  it  be  treated  with  hydrochloric  acid  or  sodium  chloride,  it  is 
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-changed  into  pepsin.     Pepsin  and  pepsinogen  may  be  extracted  from  the  ps- 

trie  mucous  membrane  by  means  of  water  free  from  acids, 

[The  chief  reasons  adduced  for  Iheview  thai  the  chief  celli  secrete  pepsin  are  as  follows: — [l] 
The  principal  cells  disappear  hy  auto -digestion  when  the  mucous  membrane  is  placed  in  I  per 
cent,  hydrochloric  acid,  while  the  parietal  cells  SH'eil  up  and  do  not  disappear;  (2)  There  is  1 
relation  between  (he  volume  of  these  cells  and  the  quantity  of  pepsin  obtainable  from  the  mDcms 
membrane  ;  (3)  The  pyloric  region,  which  contains  no  parietal  cells,  also  secretes  pepsin;  (4)  li 
frogs  the  pe|Min  is  formed  in  the  tciophageal  glands,  which  contain  only  cells  anat<^om  to  (be 
principal  cells,  while  the  stomach  conuins  glands  with  parietal  cells,  but  it  secretes  acid,  aad  bo 
pepsin;  (5)  In  the  bat  during  hibernation  the  principal  cells  disappear  almost  entirely  while 
digestive  activity  is  suspended.] 

[Pepsinog^en  and  Pepsin.— Glycerin  eilraets  very  little  pepsin  from  the  perfectly  fteib 
gastric  mucous  membrane,  but  a  Urge  amount  is  afterwords  obtained  by  extracting  it  with  dilute 
hyJiochloric  acid,  or  with  this  acid  and  glycerin.  The  relative  amoaat  of  peptinogca  and  peptin 
in  a  fluid  may  be  determined  aoproiimately  by  the  melliod  of  Langley  and  Edkini.  A  t  pa 
cent,  solution  of  sodic  carbonate  eierls  a  greater  destructive  action  on  pepsin  than  on  pepanogtc, 
while  a  current  of  CO,  destroys  pepsinogen  to  a  greater  extent  than  pepsin.  Both  substancei  ore 
unaffected  by  CO,  but  are  destroyed  at  54°  to  57°  C] 

[That  pepsinogen  exista  in  the  mucous  membrane  js  proved  as  follows :— Extract  the  mnooos 
membrane  with  water,  or  glycerin  free  from  acid,  until  no  more  pepsin  is  obtainable  frotn  the 
membrane.  Then  treat  the  latter  with  dilute  hydrochloric  acid  or  sodic  chloride,  when  a  fresh 
quantity  of  pepsin  is  at  once  obtainable.  More  pepsin  is  formed  or  set  free  by  the  actiwi  of 
these  re-agents  upon  some  other  body,  which  has  been  called  propepsin  and  pepsinogen.] 

The  pyloric  glands  also  secrete  pepsin  but  no  acid.  Klennensievia 
excised  in  a  living  dog  the  pyloric  portion  of  the  stomach,  and  afterwards 
stitched  together  the  duodenum  and  the  remain- 
ing part  of  the  stomach.  The  excised  pyloric 
part,  with  its  vessels  intact,  he  stitched  to  the 
abdominal  wall,  afler  sewing  up  its  lower  end. 
The  animals  experimented  on  died,  at  the  latest, 
after  six  days.  The  secretion  of  this  part  was  thin, 
alkaline,  and  contained  3  per  cent,  of  solids,  in- 
cluding pepsin. 

[Pyloric  PistuU. — In  fig.  siS,  P  represents  the  excised 

pyfiiric  portion,  C  the  cardiac.     The   parts  a,  a,  and  a'  a' 

"^'  *'^-  were  then  stitched  together,  and  the  continuity  of  the  organ 

Diagram  of  K  lemensiewici'a         established.    The  lower  end  {d)  of  P  was  closed  ^  auures. 

experiment  {Stirling)  **!''«  the  edges  of  P  at  o  were  stitched  to  the  abdomiui 

walls,  thus  mailing  a  pyloric  listula.] 

In  the  frog  the  alkaline  glands  of  the  cesophagus  contain  only  chief  cells 
which  produce  pepsin  ;  while  the  stomach  has  glands  which  secrete  acid  (and 
perhaps  some  pepsin),  and  are  lined  by  parietal  cells. 

Amongst  Gahca  the  carps  have  no  fundus-glands  in  the  stomach  (Luckau\.  [The  »-n*1i^ 
portions  of  glands  of  the  cardiac  sac  (crop)  of  the  herring  are  lined  by  a  sitwU  layer  of  pt^ygonsl 
cells  ( W.  Slirling).} 

The  hydrochloric  acid  is  formed,  according  to  Heidenhain,  by  the 
parietal  cells.  It  occurs  on  the  free  surface  of  the  gastric  mucous  mem- 
brane as  well  as  in  the  ducts  of  the  fundus-glands.  The  deep  parts  of  the  glands 
are  usually  alkaline.  Free  HCl  is  detected  in  human  gastric  juice,  within  45 
minutes  to  i  or  z  hours  after  a  moderate  meal,  but  in  10  to  15  minutes  in  a 
fasting  condition  after  drinking  water;  the  amount  gradually  increases  during 
the  process  of  digestion.  Lactic  acid,  perhaps  derived  from  the  food,  is  found 
in  the  stomach  immediately  after  taking  food,  after  half  an  hour,  along  with 
HCl,  while  after  an  hour  only  HCl  is  found  {Ewald  and  B<mu). 

O.  Bernard  injected  lactate  of  iron,  and  some  time  afterwards  potassium  ferrocymnide,  into  the 
vwns  of  a  dog.  After  death,  blue  coloration  occurred  only  in  the  u^er  acid  laycn  of  the 
•nucous  membrane.     Nevertheless,  we  must  assume  that  the  hydrochlonc  add  is  secreted  in  the 
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parietal  cells  of  the  fundus  of  the  glands,  and  that  it  is  rapidly  carried  to  the  sur^ce  alonf^  with 
the  pepsin.  BrUcIce  neutralized  the  surface  of  the  gastric  mucous  membrane  with  magnesia  usta, 
chopped  up  the  mucous  membrane  with  water,  smd  left  it  for  some  time,  when  the  Hutd  had 
again  an  acid  reaction. 

As  to  the  formation  of  a  free  acid,  the  following  statements  may  be 
noted:  The  parietal  cells  form  the  hydrochloric  acid  from  the  chlorides 
which  the  mucous  membrane  takes  up  from  the  blood.  According  to  Voit, 
the  fonitation  of  acid  ceases,  if  chlorides  be  withheld  from  the  food.  Maly 
suggests  that  the  active  agent  is  lactic  acid,  which  splits  up  sodium  chloride 
and  forms  free  HCl.  The  base  set  free  is  excreted  by  the  urine,  rendering  it 
at  the  same  time  less  acid.  The  formation  of  acid  is  arrested  during  hunger. 
According  to  H.  Schultz,  watery  solutions  of  alkaline  and  earthy  chlorides  are 
decomposed,  even  at  a  low  temperature,  by  CO,,  free  hydrochloric  acid  being 
formed. 

[If  thm  sections  of  the  fresh  mucous  membrane  be  placed  for  a  day  in  lactate  of  iron,  and 
theo  treated  with  {x>tassic  ferrocyanide,  Sehrwald  finds  that  the  parietal  cells  become  dark  blue, 
while  the  chief  cells  remain  colorless,  so  that  the  chief  cells  appear  to  be  alkaline  and  the 
parietal  cells  acid.] 

[The  source  of  the  HCl  is  undoubtedly  the  sodic  chloride  in  the  blood  and  lymph,  but 
what  other  acid  displaces  the  HCl  is  a  matter  of  conjecture.  In  this  connection,  it  is  important 
10  remember  that  Jul.  Thomsen  has  shown  that  every  acid  can  displace  a  part  of  another  acid 
from  its  combination  with  its  base,  and  the  weaker  acid  may  even  combine  with  the  greater  part 
of  the  base.  Thomsen  calls  this  ''avidity."  Even  strong  mineral  acids  may  be  displaced  by 
wf  ak  organic  ones.  Thus  the  free  CO,  in  the  alkaline  blood  may  set  free  a  small  quantity  of 
HCl  from  the  sodic  chloride.  What  is  siill  more  remarkable  is,  that  the  firee  HCl  should  be 
transierred  by  the  cells  towards  the  gland-duct  while  the  sodic  carbonate  difAises  towards  the 
blood  and  lymph.] 

[The  milk-curdling  ferment  or  rennin  exists  in  the  mucous  membrane  in 
the  state  of  a  zymogen,  from  which  it  is  formed  under  the  action  of  acids. 
According  to  Langley  it  exists  in  the  principal  cells.] 

Secretion. — [The  secretion  of  gastric  juice  is  mtermittent  except  in  the 
case  of  those  animals  like  the  rabbit,  whose  stomachs  always  contain  food.] 
When  the  stomach  is  empty,  there  is  usually  no  secretion  of  gastric  juice ; 
this  takes  place  only  after  appropriate  (mechanical,  thermal,  or  chemical) 
stimulation.  In  the  normal  condition,  it  takes  place  immediately  on  the  intro- 
duction of  food,  but  also  of  indigestible  substances,  such  as  pebbles.  The 
mucous  membrane  becomes  red,  and  the  circulation  more  active,  so  that  the 
venous  blood  becomes  brighter.  [That  the  vagi  are  concerned  in  this  vascular 
dilatation  is  proved  by  the  fact  that  if  both  nerves  be  divided  during  digestion, 
the  gastric  mucous  membrane  becomes  pale  {Rutherford), '\  The  secretion  is 
probably  caused  reflexly,  and  the  centre  perhaps  lies  in  the  wall  of  the  stomach 
itself  (Meissner's  plexus  in  the  sub-mucous  coat).  It  is  asserted  that  the  idea 
of  food,  especially  during  hunger,  excites  secretion.  As  yet  we  do  not  know 
the  effect  produced  upon  the  secretion  by  stimulation  or  destruction  of  other 
nerves,  ^.^.,  vagus,  sympathetic.  [There  is  no  nerve  passing  to  the  stomach, 
whose  stimulation  causes  a  secretion  of  gastric  juice,  as  the  chorda  tympani 
does  in  the  sub-maxillary  gland.  If  the  vagi  be  divided  sufficiently  low  down 
not  to  interfere  with  respiration,  the  introduction  of  food  still  causes  a  secre- 
tion of  gastric  juice ;  even  if  the  sympathetic  branches  be  divided  at  the  same 
time,  secretion  still  goes  on  {Heidenhaiti),  Division  of  the  vagi  in  the  neck  is 
not  a  satisfisurtory  experiment  in  relation  to  the  secretion  of  gastric  juice,  for 
this  experiment  produces  so  many  other  effects.  If  the  vagi  be  divided  below 
the  origin  of  the  pulmonary  and  cardiac  branches,  gastric  juice  containing 
pepsin  and  capable  of  digestion  is  said  by  some  observers  to  be  still  secreted 
(see  under).  This  experiment  points  to  the  existence  of  local  secretory  centres 
in  the  stomach.     But  there  is  evidence  to  show  that  there  is  some  connection, 
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perhaps  indirect,  between  the  central  nervous  system  and  the  gastric  glands. 
Richet  observed  a  case  of  complete  occlusion  of  the  oesophagus  in  a  woman, 
produced  by  swallowing  a  caustic  alkali.  A  gastric  fistula  was  made,  through 
which  the  person  could  be  nourished.  On  placing  sugar  or  lemon  juice  in  the 
person's  mouth,  Richet  observed  a  secretion  of  gastric  juice.  In  this  case  no 
saliva  could  be  swallowed  to  excite  secretion,  so  that  it  must  have  taken  place 
through  some  nervous  channels.  Even  the  sight  or  smell  of  food  caused 
secretion.  Emotional  states  also  are  known  to  interfere  with  gastric  diges- 
tion.] 

[In  dogs  Pawlow  made  a  gastric  fistula,  divided  the  oesophagus,  and  stitched  the  two  cut  en^s 
of  the  latter  into  the  wound  in  the  neck.  After  recovery  of  the  animals  he  found  that  flesh. 
when  eaten,  excited  a  copious  reflex  secretion  of  gastric  juice  (20  c.c.  in  5  minutes)  in  an  empty 
stomach.  Of  course  the  food  in  this  case  escaped  by  the  divided  oesophagus  and  did  not  enter 
the  stomach.  This  effect  was  not  altered  by  section  of  the  splanchnic  nerves.  Division  of  the 
vagi,  however,  completely  abolished  the  reflex.  After  section  of  the  vagi,  for  several  days  only 
strongly  acid  mucus  flowed  from  the  stomach,  but  it  had  scarcely  any  action  on  proteids.  Stim- 
uladon  of  the  peripheral  end  of  the  divided  left  vagus  caused  a  clear  watery  fluid  to  flow  from 
the  fistula,  which,  although  less  acid  than  normal  juice,  was  capable  of  digesting  piroteids.] 

Effect  of  Absorption  of  Peptic  Products. — Heidenhain  isolated  a  part 
of  the  mucous  membrane  of  the  fundus  so  as  to  form  a  blind  sac  of  it,  and  he 
found  that  mechanical  stimulation  caused  merely  a  scanty  /^ra/ secretion  at  the 
spots  irritated.  If,  however,  at  the  same  time,  absorption  of  digested  matter 
also  occurred,  secretion  took  place  over  larger  surfaces.  [He  distinguishes  a 
primary  and  merely  local  secretion  excited  by  the  mechanical  stimulus  of  the 
ingesta,  and  a  secondary  depending  on  absorption,  and  extending  to  the  whole 
of  the  mucous  membrane.] 

The  statement  of  Schiff,  that  active  gastric  juice  is  secreted  only  after  absorption  of  the  k- 
called  peptogenic  substances  (especially  dextrin)  is  contradiaed  by  other  observers. 

The  acid  contents  of  the  stomach  called  chyme,  which  pass  into  the 
duodenum  after  gastric  digestion  is  completed,  are  neutralized  by  the  alkali  of 
the  intestinal  mucous  membrane  and  the  pancreatic  juice,  [at  the  same  time  a 
precipitate  is  formed  and  deposited  on  the  walls  of  the  duodenum,  and  it  car- 
ries the  pepsin  down  with  it].  Part  of  the  pepsin  is  reabsorbed  as  such,  and  is 
found  in  traces  in  the  urine  and  muscle  juice  (^BrUcke).  If  the  gastric  juice  be 
completely  discharged  externally  through  a  gastric  fistula,  the  alkalinity  of  the 
intestine  is  so  strong  that  the  urine  becomes  alkaline  {Maly), 

The  acid  gastric  juice  of  the  new-bom  child  is  already  fairly  active;  casein  is  most  easily 
digested  by  it,  then  fibrin  and  the  other  proteids  {Zweifel).  When  the  amount  of  acid  is  too 
great  in  the  stomach  of  sucklings,  large,  hrm,  indigestible  masses  of  casein  are  apt  to  be  formed, 
especially  after  the  use  of  cow's  milk  (|  230). 

[Action  of  Drugs  on  Gastric  Secretion. — Dilute  alkalies,  if  given  before  food;  saliva: 
some  substances  called  peptogens  by  Schiff,  such  as  dextrin  and  peptones,  alcohol  and  ether. 
all  excite  secretion,  the  last  being  very  powerful.  When  the  secretion  is  excessively  acid,  ant- 
acids are  given,  some  diminishing  the  acidity  in  the  stomach,  as  the  carbonates  and  bicarbonaies 
of  the  alkalies,  liquor  potass^e,  and  the  carbonate  of  magnesia ;  while  the  citrates  and  tartrate^ 
of  the  alkalies,  becoming  converted  into  carbonates  in  their  passage  through  the  organism,  di 
minish  the  acidity  of  the  urine.]  Small  doses  of  alcohol,  introduced  into  the  stomadi,  increase 
the  secretion  of  gastric  juice;  large  doses  arrest  it.  Artificial  digestion  is  affected  by  10  per  cent, 
of  alcohol,  is  retarded  by  20  per  cent.,  and  is  arrested  by  stronger  doses.     Beer  and  wine  hinder 

digestion,  and  in  an  undiluted  form  interfere  with  artificial  digestion. 

• 

165.     METHODS   OP   OBTAINING   GASTRIC  JUICE.— Historical. —SpalUn 

zani  caused  starving  animals  to  swallow  small  pieces  of  sponge  enclosed  in  perforated  lead  cap- 
sules, and  aftet*  a  timfc,  when  the  sponges  had  become  saturated  with  gastric  juice,  he  removed 
them  from  the  stomach.  To  avoid  the  admixture  of  saliva,  the  sponges  are  best  introduceti 
through  an  opening  in  the  oesophagus.  Dr.  Beaumont  (1825),  an  American  physician,  was  the 
first  to  obtain  human  gastric  juice,  fix>m  a  Canadian  named  Alexis  St.  Martin,  who  was  injured 
by  a  gun-shot  wound,  whereby  a  permanent  gastric  Bstula  was  established.    Various  substances 
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were  introduced  through  the  external  opening,  which  was  partially  covered  with  a  fold  of  skin, 
aod  the  time  required  for  their  solution  was  noted.  Bassow  (1842),  Blondlot  (1843),  and  Bar- 
deleben  (1849)  were  thereby  led  to  make  artificial  gastric  fistulx. 

Gastric  Fistula. — The  anterior  abdominal  wall  is  opened  by  a  median  incision  just  below 
(be  ensiform  cartilage,  the  stomach  is  exposed,  and  its  anterior  wall  opened  and  afterwards 
stitched  to  the  margins  of  the  abdominal  walls.  A  strong  cannula  is  placed  in  the  fistula  thus 
formed.  The  lube  is  kept  corked.  If  the  ducts  of  the  salivary  glands  be  tied,  a  perfectly  un- 
complicated object  for  investigation  is  obtained. 

According  to  Leube,  dilute  human  gastric  juice  may  be  obtained  by  means  of  a  siphon-like 
tobe  introduced  into  the  stomach.     Water  is  introduced  first,  and  after  a  time  it  is  withdrawn. 

Ad  important  advance  was  made  when  Eberle  (1834)  prepared  artificial  gastric  juice,  by 
extracting  the  pepsin  from  the  gastric  mucous  membrane  with  dilute  hydrochloric  acid..  Four 
litres  of  solution  of  hydrochloric  acid,  containing  4  to  8  c.  c.  HCl  per  looo,  are  sufficient  to 
extract  the  chopped-up  mucous  membrane  of  a  pig*s  stomach.  Halt  a  litre  b  infused  with  the 
stomach  and  renewed  every  six  hours.  The  collected  fluid  is  afterwards  filtered.  The  substance 
10  be  digested  is  placed  in  this  fluid,  and  the  whole  is  kept  at  the  temperature  of  the  body,  but 
it  is  necessary  to  add  a  little  HC!  from  time  to  time  {ScAwann).  The  HCl  may  be  replaced  by 
ten  times  its  volume  of  lactic  acid  and  also  by  nitric  add;  while  oxalic,  sulphuric,  phosphoric, 
acetic,  formic,  succinic,  tartaric,  and  citric  acids  are  much  less  active ;  butjrric  and  salicylic  acids 
are  inactive. 

Von  Wittich's  Method. — (a)  Glycerin  extracts  pepsin  in  a  very  pure  form.  The  mucous 
membrane  is  nibbed  up  with  powdered  glass  until  it  forms  a  pulp,  mixed  with  glycerin,  and 
allowed  to  stand  for  eight  days.  The  fluid  is  pressed  through  cloth,  and  the  filtrate  mixed  with 
alcohol,  thus  precipitating  the  pepsin,  which  is  washed  with  alcohol  and  afterwards  dissolved  in 
the  dilute  HCl,  to  form  an  artificial  digestive  fluid.  (6)  Or  the  mucous  membrane  may  be  placed 
for  twenty- four  hours  in  alcohol,  and  afterwards  dried  and  extracted  for  eight  days  with  glycerin. 
ir)  Wm.  Roberts  has  used  other  agents  for  extracting  enzymes  (§  148). 

Preparation  of  Pure  Pepsin. — Briicke  pours  on  the  pounded  mucous  membrane  of  the 
pig's  stomach  a  5  per  cent,  solution  of  phosphoric  acid,  and  afterwards  adds  lime-water  until  the 
acid  reaction  is  scarcely  distinguishable.  A  copious  precipitate,  which  carries  the  pepsin  with 
it,  is  produced.  This  precipitate  b  collected  on  cloth,  repeatedly  washed  with  water,  and  after- 
wards dissolved  hi  very  dilute  HCl.  A  copious  precipitation  b  caused  in  thb  fluid  by  gradually 
adding  to  it  a  mixture  of  cholesterin  in  four  parts  of  alcohol  and  one  of  ether.  The  cholesterin 
palp  b  collected  on  a  filter,  washed  with  water  containing  acetic  acid,  and  afterwards  with  pure 
water.  The  cholesterin  pulp  b  placed  in  ether  to  dissolve  the  cholesterin,  and  the  ether  b  then 
renwved.     The  small  watery  deposit  contains  the  pepsin  in  solution. 

Pepsin  so  prepared  is  a  colloid  substance ;  it  does  not  react  like  albumin 
with  the  following  tests,  viz. : — It  does  not  give  the  xanthroprotein  reaction 
( §  248),  is  not  precipitated  by  acetic  acid  and  potassium  ferrocyanide,  nor  by 
tannic  acid,  mercuric  chloride,  silver  nitrate,  or  iodine.  In  other  respects  it 
belongs  to  the  group  of  albuminoids.  It  is  rendered  inactive  in  an  acid  fluid 
by  heating  it  to  55°  to  60°  C. 

166.  PROCESS  OF  GASTRIC  DIGESTION.— [In  the  process  of 
gastric  digestion  we  have  to  consider — 

1.  The  secretion  of  gastric  juice  and  its  action  on  food. 

2.  The  absorption  of  the  products  of  this  digestion. 

3.  The  movements  of  the  stomach  itself.] 

Chyme. — The  finely  divided  mixture  of  food  and  gastric  juice  is  called 
£hyme.     The  gastric  juice  acts  upon  certain  constituents  of  chyme. 

I.  Action  on  Proteids. — Pepsin  and  the  dilute  hydrochloric  acid,  at  the 
temperature  of  the  body,  transform  proteids  into  a  soluble  and  diffusible  form, 
to  which  Lehmann  (1850)  gave  the  name  of  ** peptone"  (§  249,  III). 
Fibrin  (or  coagulated  proteids)  first  becomes  clear  and  swollen  up.  [There 
seems  to  be  a  close  relation  between  the  acid  and  the  ferment,  so  much  so  that 
some  have  spoken  of  it  as  "pepsin-acid,**  and  others  as  *'pepto-hydrochloric 
acid.'*] 

[It  is  commonly  stated  that  the  first  product  formed  during  the  gastric  diges- 
tion of  proteids  is  syntonin  or  para-peptone,  then  hemi- album ose  or 
pro -peptone,  and  finally  peptone.     The  products  vary,  however,  with  the 
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proteid  digested.  Kiihne  has  shown  that  the  proteid  molecule  is  split  ap,  and 
yields  two  groups,  which  he  calls  hemi- peptone  and  anti- peptone  (p.  303). 
A  mixture  of  the  two  he  calls  ampho- peptone.  Hemi-peptone  can  be 
split  up  into  leucin  and  tyrosin  by  trypsin,  while  the  anti-peptone  does  not 
undergo  this  change.  The  intermediate  body,  or  pro-peptone,  is  really  a  mix- 
ture of  several  bodies.  Kuhne  called  it  hemi-albumose.  These  intermediate 
bodies  from  albumin  are  called  albumoses,  from  globulins  ^lobuloses,  from 
casein  caseoses.   Halliburton  calls  all  these  intermediate  bodies  "  proteoses."] 

Properties  of  Hemi-albumose. — Although  a  composite  body,  hemi-albu- 
nK)se  gives  the  following  reactions :  It  is  highly  soluble  in  water ;  when  heated 
to  50**  to  60**  it  becomes  somewhat  turbid,  bat  when  boiled  it  becomes  clear, 
and  gets  turbid  again  on  cooling.  This  effect  is  most  marked  when  it  is  treated 
with  acetic  acid  and  sodic  chloride,  or  the  latter  alone.  It  is  precipitated  by 
acetic  acid  and  potassic  ferrocyanide,  but  the  precipitate  disappears  on  heating 
and  reappears  on  cooling.  It  gives  the  biuret  rosy  tint  reaction  like  peptones. 
It  is  precipitated  by  nitric  acid,  and  the  precipitate  adheres  to  the  glass,  but  is 
soluble  in  the  acid  with  the  aid  of  heat,  yielding  a  yellow  fluid,  but  is  precipita- 
ted on  cooling.  It  is  precipitated  by  boiling  with  acetic  acid  and  a  strong  solu- 
tion of  sodic  sulphate,  metaphosphoric  acid,  and  pyrogallic  acid  {KUhne).  It 
is  said  to  be  present  in  all  animal  tissues  except  muscle  and  nerve  (§  293). 

[Albumoses  are  the  first  products  of  the  splitting  up  of  proteids  by 
enzymes,  and  from  them  peptones  are  ultimately  formed.  They  may  be  made 
from  Witte's  peptone,  or  by  the  peptic  digestion  of  fibrin.  Such  a  mixture,  on 
being  neutralized  with  sodic  carbonate,  gives  a  copious  precipitate  of  para- 
peptones,  which  can  be  filtered  off,  leaving  a  clear  solution  of  albumoses. 
Para-peptones  are  said  to  be  closely  related  to  acid-albumin  or  syntonin.  On 
saturating  the  clear  fluid  with  NaCl,  a  dense  white  precipitate,  consisting  of 
three  albumoses,  called  protodys-^  and  hetero-albumose  is  obtained ;  a 
fourth,  deutero-albumose,  remains  in  solution,  but  can  be  precipitated  by 
adding  acetic  acid.  If  the  albumose  precipitate  be  treated  with  10  per  cent 
NaCl  solution,  proto-  and  hetero-albumose  are  dissolved,  leaving  dys-albumose 
undissolved.  Dialysis  of  the  saline  solution  precipitates  hetero-albumose, 
leaving  proto-albumose  in  solution.  It  is  probable  however,  that  hetero-  and 
dys-albumose  are  identical,  or  that  the  former  is  merely  an  insoluble  form  of 
the  latter.  The  albumoses  are  bodies  intermediate  between  albumins  and  pep- 
tones, and  of  the  three,  deutero-albumose  is  nearest  to  peptones.  An  import- 
ant character  is  that  they  do  not  dialyze  or  diffuse  readily.  The  albumoses  also 
are  produced  by  the  activity  of  many  micro-organisms  and  doubtless  play  an 
important  part  in  many  pathological  processes  (§  249).] 

[Properties  of  the  Albumoses. — Proto-albumose  is  soluble  in  distilled  water,  is  not 
changed  by  heat,  but  is  precipitated  by  saturation  of  the  solution  with  sodic  chloride,  by  HNO^, 
acetic  acid  and  potassic  ferrocyanide,  copper  sulphate,  mercuric  chloride.  Deutero-albumose 
is  very  like  the  foregoing,  but  it  is  not  precipitated  by  HNO3  ^^  ^"  adding  sodic  chloride  to 
saturation,  but  precipitation  occurs  when  20  to  30  per  cent,  of  acetic  acid  is  added.  Hetero- 
albumose  resembles  a  globulin  in  its  properties ;  it  is  insoluble  in  distilled  water,  but  is  solu- 
ble in  saline  solutions  (10  to  15  per  cent.),  and  is  partly  precipitated  from  its  solution  by  saiun- 
tion  with  NaCl  or  by  aialysis.  It  is  coagulated  by  heat.  All  give  the  rosy-pink  color  with  the 
biuret-reaction,  and  they  are  all  precipitated  by  saturation  with  neutral  ammonia  sulphate,  which 
peptones  are  not  {/Ciikne  and  Chitienden).^     See  albo  §  249. 

[Globuloses  from  the  globulin  of  ox-serum  are  obtained  in  the  same  way,  although  the  fer- 
ment has  much  less  adion  on  globulin  than  on  albumin.  Speaking  generally,  they  rexmble  the 
albumoses.] 

By  the  continued  action  of  the  gastric  juice,  the  pro-peptone  passes  into  a 
true  soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride 
with  respect  to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking 
up  of  a  molecule  of  water,  under  the  influence  of  the  hydrolytic  ferment 
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pepsin,  and  the  action  takes  place  most  readily  at  the  temperature  of  the  body. 
Gelatin  is  changed  into  a  gelatin-peptone, 

[Method  of  separating  the  products  of  gastric  digestion. — If  fibrin 
or  white  of  ^gg  be  digested  for  some  time  with  gastric  juice,  these  proteids  wiU 
ultimately  be  dissolved.  Neutralize  the  digest  with  sodic  carbonate  and  a 
greater  or  less  precipitate  of  para-peptones  will  be  obtained.  Filter.  The 
filtrate  contains  other  digested  proteids.  Saturate  it  with  crystals  of  neutral 
ammonium  sulphate,  which  will  precipitate  the  albumoses ;  filter  these  off, 
and  the  solution  still  contains  peptone,  which  can  be  precipitated  by  much 
alcohol.     Ammonium  sulphate  precipitates  all  soluble  proteids  except  peptones. } 

According  to  Kiibne,  the  proteid  molecule  contains  two  preformed  substances  in  its  composi- 
tion :  anti-mlbumin  and  hemi-albumin.  Gastric  juice  at  first  converts  them  into  anti-albu- 
mose  and  hemi-albumose,  and  ultimately  the  former  is  converted  into  anti-peptone  and  the 
htter  into  hemi-peptone  ({  170,  II.).  Only  the  latter  is  capable  of  being  split  up  by  trypsin 
into  leudn  and  tyrosin  by  the  action  of  the  pancreatic  juice  (|  249). 

[The  following  scheme  represents  the  results  : — 

Action  of  Bnxymes  (ferments). 
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The  greater  the  amount  of  pepsin  (within  certain  limits),  the  more  rapidly 
does  the  solution  take  place.  The  pepsin  suffers  scarcely  any  change,  and  if 
care  be  taken  to  renew  the  hydrochloric  acid,  so  as  to  keep  it  at  a  uniform 
amount,  the  pepsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems 
that  some  pepsin  is  used  up  in  the  process  of  digestion  {Griitzner),  Proteids 
are  introduced  into  the  stomach  either  in  a  solid  (coagulated)  or  fluid  con- 
dition. Casein  alone  of  the  fluid  forms  is  precipitated  or  coagulated,  and  after- 
wards dissolved.  The  non-coagulated  proteids  are  transformed  into  syntonin^ 
without  being  previously  coagulated,  and  are  then  changed  into  pro-peptone 
and  directly  peptonized,  /.  e,,  actually  dissolved. 

When  albumin  is  digested  by  pepsin  at  the  temperature  of  the  body,  a  not  inconsiderable 
amount  of  heat  disappears,  as  can  be  proved  by  calorimetric  experiment  (Maly) .  Hence,  the 
temperature  of  the  chyme  in  the  stomach  falls  0^.2  to  o°.6  C.  in  two  to  three  hours  (v.  Vintschgau 
and  Dietl). 

Coagulated  albumin  may  be  regarded  as  the  anhydride  of  the  fluid  form,  and 
the  latter  again  as  the  anhydride  of  peptone.  The  peptones,  therefore,  represent 
the  highest  degree  of  hydration  of  the  proteids. 

Hence,  peptones  may  be  formed  from  proteids  by  those  reagents  which  usually  cause  hydra- 
tion, viz.,  treatment  with  strong  acids  (from  fibrin,  with  0.2  HCl),  caustic  alkalies,  putrefactive 
and  vaiioos  other  ferments,  and  ozone. 

The  anhydride  proteid  has  been  prepared  from  the  hydrated  form.  Henni- 
ger  and  Hofmeisier,  by  boiling  pure  peptone  with  dehydrating  substances 
; anhydrous  acetic  acid  at  80**  C.),  have  succeeded  in  decomposing  it  into  a 
body  resembling  syntonin. 

Peptones. — (i)  They  are  completely  soluble  in  water.  (2)  They  diffuse 
very  easily  through  animal  membranes.  (3)  They  filter  quite  easily  through 
the  pores  of  animal  membranes.     (4)  They  are  not  precipitated  by  boiling,  nitric 
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acid,  acetic  acid  and  potassium  ferrocyanide,  acetic  acid  and  saturation  with  com- 
mon salt.  (5)  They  are  precipitated  from  neutral  or  feebly  acid  solutions  by 
mercuric  chloride,  tannic  acid,  bile  acids,  and  phospho-molybdic  acid.  (6) 
With  Millon's  reagent  they  react  like  proteids,  and  give  a  red  color,  and  with 
nitric  acid  give  the  yellow  xantho- protein  reaction.  (7)  With  caustic  potash 
or  soda  and  a  small  quantity  of  cupric  sulphate  [or  Fehling's  solution],  thej 
give  a  beautiful  rosy-red  color,  the  biuret-reaction.  (8)  They  rotate  the  plane 
of  polarized  light  to  the  left. 

[Kiihne  and  Chittenden,  making  use  of  the  fact  that  ammonium  sulphate  to 
saturation  precipitates  all  proteids  from  solution  except  peptone,  have  reinvesti- 
gated the  subject,  and  they  find  that  many  of  the  peptones  of  commerce  con- 
tain albumoses.  Pure  peptone  has  remarkable  properties.  When  dissolved  in 
water,  it  hisses  and  froths  like  phosphoric  anhydride,  heat  is  evolved,  and  a 
brown  solution  is  formed.  It  is  difficult  to  preserve  it.  It  is  not  precipitated 
by  NaCl,  or  NaCl  and  acetic  acid,  but  is  completely  precipitated  by  phospho- 
tungstic  and  phospho-molybdic  acids,  tannin,  iodo-mercuric  iodide,  picric  add. 
Peptones  have  a  cheesy  taste,  while  albumin  and  albumoses  are  tasteless.] 

The  biuret-reaction  is  obtained  with  hemi-albumose,  as  well  as  with  a  form  of  albumin,  which 
is  formed  during  artificial  digestion  and  is  soluble  in  alcohol.  It  is  called '^alkophyr"  bj 
Briicke.  [Darby's  fluid-meat  gives  all  the  above  reactions,  and  is  very  useful  for  studying  the 
tests  for  peptones.] 

The  rapidity  of  solution  of  fibrin  is  tested  by  placing  fibrin,  which  is  swollen  up  by  the 
action  of  0.2  per  cent.  HCl  in  a  glass  funnel,  and  adding  the  digestive  fluid,  observing  the 
rapidity  with  which  the  fluid,  the  altered  fibrin,  drops  from  the  funnel,  and  the  fibrin  disappean 
{GrUnhagen),  Or  the  fibrin  may  be  colored  with  carmine,  swollen  up  in  o.i  per  cent.  HCl,  and 
placed  in  the  digestive  fluid.  The  more  rapidly  the  fluid  is  colored  red,  the  more  energetic  is  the 
digestion. 

Preparation. — Pure  peptones  are  prepared  by  taking  fluid  which  contains  them  and 
neutralizing  it  with  barium  carbonate,  evaporating  upon  a  water-bath,  and  filtering.  The 
barium  is  removed  from  the  filtrate  by  the  carefiil  addition  of  sulphuric  acid,  and  subseqaent 
filtration. 

Ptomaines. — Brieger  extracted  from  gastric  i>eptones  by  amylic  alcohol  a  |>eptone-free 
poison,  with  actions  like  those  of  curare.  It  belongs  to  the  group  of  ptomaines ,  i.  e.,  alkaloids 
obtained  from  dead  bodies  or  decomposing  proteids.  [Ptomaines  are  identical  with  the  alka- 
loids in  plants,  and  many  have  been  isolated.  The  term  leucomaine  has  been  applied  by 
Gautier  to  alkaloids  formed  by  the  decomf>osition  of  albuminous  bodies  during  the  nonnal 
metabolic  processes  taking  place  in  the  tissues.  They  are  not  formed  by  the  activity  of  micro- 
organisms.    Some  seem  to  be  formed  in  muscle,  and  are  closely  allied  to  creatin  and  xanthin 

a  250,  IV).] 

Peptones  are  undoubtedly  those  modifications  of  albumin  or  proteids  which, 
after  their  absorption  from  the  intestinal  canal  into  the  blood,  are  destined  to 
make  good  the  proteids  used  up  in  the  human  organism.  [It  is  important  to 
note,  however,  that  peptones  are  not  found  in  the  blood.  They  seem  to  be 
reconverted  into  some  other  proteid  as  they  pass  through  the  mucotis  mem- 
brane of  the  intestine  towards  the  blood  (§  192).]  By  giving  peptones  (instead 
of  albumin)  as  food,  life  can  not  only  be  maintained,  but  there  may  even  be  an 
increase  of  the  body-weight  (^Plbsz  and  Maly^  Adamkiewicz).  Very  probably, 
before  being  actually  al^orbed  into  the  blood-stream,  peptones  are  retrans- 
formed  into  serum-albumin  or  some  closely  allied  body  (§  192). 

Conditions  affecting  Gastric  Digestion. — The  presence  of  peptones  already  formed 
interferes  with  the  action  of  the  gastric  juice,  in  so  far  as  the  greater  concentration  of  the  fluid 
interferes  with  and  limits  the  mobility  of  the  fluid  particles.  Boiling,  concentrated  acids,  ahun, 
and  tannic  acid,  alkalinity  of  the  gastric  juice  {e.  g.,  by  the  admixture  of  much  saliva),  aboiid 
the  action ;  also  sulphurous  and  arsenious  acids  and  potassic  iodide.  The  salts  of  the  heavy 
metals,  which  cause  precipitates  with  pepsin,  peptone,  and  mucin,  interfere  with  gastric  digestion, 
and  so  do  concentrated  solutions  of  alkaline  salts,  common  salt,  magnesium  and  sodium  sul- 
phates. A  small  quantity  of  NaCl  increases  the  secretion  ( Grutzner)  and  favors  the  action  of 
pepsin.     Alkalies  rapidly  destroy  pepsin,  but  less  rapidly  pro-pepsin  [Langley).     Alcohol  pre- 
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cipkates  the  pepsin,  but  by  the  subsequent  addition  of  water  it  is  redissolved,  so  that  digestion 
goes  on  as  beifore.  Any  means  that  prevent  the  proteid  bodies  from  swelling  up,  as  by  binding 
them  firmly,  impede  digestion.  Slightly  over  half  a  pint  of  cold  water  does  not  seem  to  disturb 
healthy  digestion,  but  it  does  so  in  cases  of  disease  of  the  stomach.  Copious  draughts  of  water, 
and  violent  muscular  exercise,  disturb  digestion ;  while  warm  .clothing,  esi>ecially  over  the  pit  of 
the  stomach,  aids  it.  Menstruation  retards  gastric  digestion.  [Oddi  finds  that  the  presence 
of  large  quantities  of  ox  bile,  or  even  of  its  own  bile  in  the  stomach  of  a  dog,  does  not  affect 
the  activity  of  the  gastric  juice,  does  not  precipitate  peptones,  and  does  not  excite  vomiting 
(}  186).] 

[Artificial  Digestion. — The  action  of  gastric  juice  on  proteids  may  be 
observed  outside  the  body,  and  we  can  prove,  as  is  shown  in  the  following 
table, after  Rutherford,  that  pepsin  and  an  acid — e.g.,  hydrochloric, along  with 
water— are  essential  to  the  formation  of  gastric  peptones  : — 


Beaker  A. 


Beaker  B. 


Water. 

Pepsin,  0.3  per  cent. 

Fibrin. 


I- 


Beaker  C. 


Water. 

HCl,  0.2  per  cent. 

Fibrin. 


Water. 

Pepsin,  0.3  per  cent. 

HCl,     0.2 

Fibrin. 


K 


Keep  all  in  water-bath  at  38^  C. 


Uochanged. 


Fibrin  swells  up,  becomes  clear,  and  is 
changed  into  acid-albumin  or  syntonin. 


Fibrin  ultimately  changed 
into  peptone.] 


[In  all  animals,  gastric  digestion  is  essentially  an  acid  digestion,  and 
between  the  native  proteid — fibrin,  albumin,  or  any  other  form  of  proteid — 
and  the  end-product  peptone  there  are  numerous  intermediate  substances — 
proteoses — th6  properties  and  characters  of  many  of  which  have  still  to  be 
investigated.] 

[Natural  versus  Artificial  Digestion. — It  is  to  be  remembered  that  there  is  a  very  great 
difierence  between  natural  and  artiBcial  digestion.  In  the  former,  the  gastric  juice  is  secreted 
all  the  time  the  food  is  present  in  the  stomach,  so  that  there  is  a  favorable  proportion  of  acid  and 
fermeot  Moreover,  the  movements  of  the  stomach  thoroughly  mix  the  food  with  the  digestive 
juice.  The  phones  are  absorbed  as  they  are  formed  or  pass  into  the  duodenum,  so  that  they 
do  not  accumulate  in  the  mixture  and  retard  the  process  of  digestion,  as  is  the  case  in  artificitd 
digestion.  It  is  obvious  that  as  ordinarily  conducted  artificial  digestion  differs  from  normal 
digestioa,  e.g:,  in  the  stomach,  in  the  want  of  the  following  factors — the  absence  of  (i)  constant 
movements  of  the  contents ;  (2)  constant  removal  of  the  digestive  products ;  and  (3)  continuous 
addition  of  fresh  supply  of  digestive  juice.] 

[Kronecker  and  bis  pupib.  Brink  and  Fopoff,  state  that  the  gastric  and  intestinal  mucous 
membrane  can  change  gastric  peptones  into  serum- albumin.  The  frog's  heart  can  do  the  same, 
but  much  more  slowly.  The  test  applied  for  the  conversion  of  peptone  into  serum-albumin  was 
pcrfnsioo  through  the  excised  amphibian  heart,  which  Kronecker  regards  as  a  very  sensitive  test 
for  serum-albtimin.  A  solution  of  peptone — which  acts  injuriously  on  the  heart — ^when  intro- 
duced into  the  stomach,  or  better,  the  intestine,  of  a  dog,  and  then  perfused  through  the  heart, 
restores  the  latter  after  it  has  been  exhausted  by  perfusion  of  normal  saline.] 

[Ezalusion  of  the  Stomach. — Ogata  finds  that  if  the  stomach  be  divided  at  the  pyloric  end 
so  as  to  exclude  the  stomach  from  the  digestive  apparatus,  a  dog  can  be  nourished  for  a  long  time 
by  introducing  food  through  the  pylorus  into  the  duodenum.  A  dog  has  lived  several  years  after 
exasioo  of  its  stomach  (Czerny),  Raw  flesh  so  introduced  is  digested  more  rapidly  in  the 
small  intestine  than  in  the  stomach.  The  stomach  not  only  digests,  but  it  acts  on  the  connective 
tissue  of  flesh  so  as  to  prepare  the  latter  for  intestinal  digestion.] 

• 

II.  Action  on  other  Constituents  of  Pood. — Milk  coagulates  or 
cardies  when  it  enters  the  stomach,  owing  to  the  precipitation  of  the  casein, 
and  in  doing  so  it  entangles  some  of  the  milk-globules.  [The  curd  is  after- 
wards dissolved  and  digested  by  the  gastric  juice.]  During  the  process  of  coagu- 
lation, heat  is  given  off.  The  free  hydrochloric  acid  of  the  gastric  juice  is 
itself  sufficient  to  precipitate  it ;  the  acid  removes  from  the  alkali-albuminate 
20 
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or  casein  the  alkali  which  keeps  it  in  solution.  Hammarsten  separated  a  special 
ferment  from  the  gastric  juice — quite  distinct  from  pepsin — the  milk-curdling 
ferment,  which,  quite  independently  of  the  acid,  precipitates  the  casein  either 
in  neutral  or  alkaline  solujtions.  It  is  this  ferment,  or  rennet,  or  rennin, 
which  is  used  to  coagulate  casein  in  the  making  of  cheese.  [Rennin  can 
curdle  milk  in  a  neutral  solution,  and  neutralized  gastric  juice  can  do  so  also. 
The  action  of  rennin  is  most  active  about  40**  C,  and  its  curdling  action  is 
destroyed  by  boiling.]  Rennet  is  formed  from  a  mother-substance  in  the  chief 
cells  of  the  gastric  glands  (p.  299).  [Rennet  is  an  infusion  of  the  fourth 
stomach  of  the  calf  in  brine  (§  231).  The  ferment  which  coagulates  milk  is 
quite  distinct  from  pepsin.  If  magnesic  carbonate  be  added  to  an  infusion  of 
calf's  stomach,  a  precipitate  is  obtained.  The  clear  fluid  bas  strongly  coagu- 
lating properties,  while  the  precipitate  is  strongly  peptic] 

The  action  of  the  milk-curdling  fennent  is  perhaps,  like  the  action  of  all  ferments,  a  bjdratioD 
of  casein ;  it  is  greater  in  the  presence  of  0.2  HCl. 

One  part  of  the  rennet-ferment  can  precipitate  800,000  parts  of  casein.  When  casein  cotga- 
lates,  two  new  proteids  seem  to  be  formed — the  coagulated  proteid  which  constitutes  cheese,  tnd 
a  body  resembling  peptone  dissolved  in  the  whey — whey-proteid.  The  addition  of  calcium  chlo- 
ride accelerates,  while  water  retards  the  coagulation  (J  231)  [Hammarsten),  [A  ferment  simil&r 
to  rennet  is  contained  in  the  seeds  of  Withania  coagulans  (o.  Lea).'] 

Casein  is  first  precipitated  in  the  stomach,  then  a  body  like  syntonin  is  formed,  and  finally  pep- 
tone. During  the  process,  a  substance  containing  phosphorus  and  resembling  nuclein  appears 
(Ludavin). 

[Action  of  Acids  versus  Rennin  on  Milk. — If  a  dilute  acid  be  added  to 
milk  the  casein  is  precipitated  as  such  and  not  as  a  curd.  It  may  even  be  re- 
dissolved  and  curdled  with  rennin.  Casein  may  also  be  precipitated  unchanged 
by  neutral  salts  (NaCl,  MgS04).  The  precipitate  when  washed  can  be  redis- 
solved  in  water  in  the  presence  of  calcic  phosphate,  and  this  solution  is  coagu- 
lated by  rennin.  When  casein  is  curdled  by  rennin,  however,  the  casein  is 
split  up  into  two  proteids — an  insoluble  one  forming  the  curd,  and  a  soluble 
one  allied  to  albumin.  The  curdling  of  milk  therefore  seems  to  be  due  to  the 
splitting  up  of  a  complex  proteid  by  a  ferment ;  one  of  the  proteids  is  soluble,  atid 
closely  allied  to  albumin — whey-proteid — the  other  is  insoluble,  and  forms  the 
curd  ;  but  this  reaction  will  not  take  place — at  least  an  insoluble  curd  will  not 
be  formed — if  calcic  phosphate  be  entirely  absent.  We  are  reminded  of  the 
analogous  case  of  the  coagulation  of  blood  produced  by  the  splitting  up  of 
fibrinogen  in  the  presence  of  neutral  salts.] 

[Much  confusion  has  existed  regarding  the  terminology  of  the  proteids  in  milk  (|  231).  The 
chief  proteid  in  milk,  by  some  called  casein,  exists  in  milk  partly  dissolved  and  partly  in  suspen- 
sion. The  curd  precipitated  by  rennin  is  quite  insoluble  in  the  whey.  Some  apply  the  term 
casein  to  the  proteid  which  is  present  in  milk,  and  curd  to  the  insoluble  casein  produced  by  the 
ferment  action  of  rennet.  Halliburton  proposes  to  call  the  proteid  in  milk  caseinogen,  and  that 
which  composes  the  curd  casein.     Foster  calls  the  latter  tyrein.] 

There  is  a  **  lactic  acid  ferment "  also  present  in  gastric  juice,  which  cjianges 
milk-sugar  into  lactic  acid  {Hammarsten),  Part  of  the  milk-sugar  is  changed  in 
the  stomach  and  intestine  into  grape-sugar. 

Action  on  Carbohydrates. — Gastric  juice  does  not  act  as  a  solvent  of 
starch,  inulin,  or  gums.  Cane-sugar  is  slowly  changed  into  grape-sugar.  Ac- 
cording to  UfTelmann,  the  gastric  mucus,  and  according  to  Leube,  tbe  gastric 
acid,  are  the  chief  agents  in  this  process. 

Action  on  Albuminoids  and  Fats. — During  the  digestion  of  true  car- 
tilage, there  is  formed  a  chondrin-peptone,  and  a  body  which  gives  the  sugar- 
reaction  with  Trommer's  test.  Perfectly  pure  elastin  yields  an  elastin-peptone, 
similar  to  albumin-peptone,  and  hemi-elastin  similar  to  hemi-albumose.  A 
very  minute  quantity  of  fat  is  broken  up  into  glycerin  and  fatty  acids.     [On 


Sec.  l66.]        WHY  THE  STOMACH    DOES   NOT   DIGEST   ITSELF.  307 

neutral  olive-oil  being  injected  into  the  stomach  of  a  dog,  after  several  hours — 
the  pylorus  being  plugged  with  an  elastic  bag — it  partly  splits  up  and  yields 
oleic  acid  {Cash  and  Ogata),'] 

[We  still  require  further  observations  on  the  gastric  digestion  of  fats.  Richet  observed  in  his 
case  of  fistula,  that  fatty  matters  remained  a  long  time  in  the  stomach,  and  Ludwig  found  the 
same  result  in  the  dog.  In  some  dyspeptics,  rancid  eructations  often  take  place  towards  the  end 
of  gastric  digestion.] 

III.  Action  on  the  various  Tissues. — (i)  The  gelatin-jrielding  substance  (collagen)  of 
til  the  connective-tissues  (connective-tissue,  white  6bro-cartilage,  and  the  matrix  of  bone),  as 
-wdl  as  glutin,  is  dissolved  and  peptonized  by  the  gastric  juice.  [Gelatin,  when  acted  on  by 
gastric  juice,  no  longer  solidifies  in  the  cold,  but  a  gelatin  peptone  is  formed,  which  is  soluble 
and  diffusible,  although  it  differs  from  true  peptone.  In  the  dog,  connective  tissues  are  specially 
aaed  on  in  the  stomach,  while  the  other  parts  of  organs  used  as  food  are  prepared  for  digestion 
in  the  small  intestine,  where  the  cellular  and  nuclear  elements  are  digested  by  the  pancreatic 
joice  [BiJkfaljn).']  (2)  The  structureless  membranes  (membranae  propriae)  of  glands,  sarco- 
lemma,  Schwann's  sheath  of  nerve-fibres,  capsule  of  the  lens,  the  elastic  laminae  of  the  cornea, 
the  membranes  of  fat-cells  are  dissolved,  but  the  true  elastic  (fenestrated)  membranes  and  fibres 
are  not  affected.  (3)  Striped  muscle,  after  solution  of  the  sarcolemma,  breaks  up  transversely 
into  discs,  and,  like  non-striped  muscle,  is  dissolved,  and  forms  a  true  soluble  peptone,  but  pans 
of  the  muscle  always  pass  into  the  intestine.  (4)  The  albuminous  constituents  of  the  soft  cellular 
elements  of  glands,  stratified  epithelium,  endothelium,  and  lymph-cells,  form  peptones,  but  the 
Doclein  of  the  nuclei  does  not  seem  to  be  dissolved.  (5)  The  homy  parts  of  the  epidermis, 
nails,  hair,  as  well  as  chitin,  silk,  conchiolin,  and  spongin  of  the  lower  animals,  are  indigestible, , 
and  so  are  amyloid-substance  and  wax.  (6)  The  red  blood-corpuscles  are  dissolved,  the 
hemoglobin  decomposed  into  haematin  and  a  globulin-like  suttstance ;  the  latter  is  peptonized, 
while  the  former  remains  unchanged,  and  is  partly  absorbed  and  transformed  into-bile-pigment. 
Fibrin  is  easily  dissolved  to  form  hemi-  and  anti-peptone.  (7)  Mucin,  which  is  also  secreted 
by  the  goblet-cells  of  the  stomach,  passes  through  the  intestines  unchanged.  (8)  Vegetable 
fats  are  not  affected  by  the  gastric  juice.  Vegetable  cells  yield  their  protoplasmic  contents  to 
form  peptones,  while  the  cellulose  of  the  cell-wall,  in  the  case  of  man  at  least,  remains  undi- 
gested {\  184).  [(9)  On  gluten-casein,  the  chief  proteid  obtainable  from  wheaten  flour  or 
bread,  artificial  gastric  juice  yields  soluble  products  or  proteoses,  or  glnten-caseoses — which  bear 
the  same  relation  to  the  mother-substance  as  the  albumosesof  filvrin  or  albumin  do  to  the  mother- 
proteid.  There  is  no  essential  difference  in  the  general  character  of  the  proteids  in  this  case 
between  the  animal  and  vegetable  proteid.     (Chittenden  and  Smith\.'] 

Why  the  Stomach  does  not  digest  itself. — That  the  stomacn  can  digest  living  things  is 
shown  by  the  following  facts:  Bonard  introduced  the  leg  of  a  living  frog  through  a 
gastric  fistula  in  the  stomach  of  a  dog.  Pavy  did  the  same  with  the  ear  of  a  rabbit,  and  in 
both  cases  the  objects  introduced  were  digested.  [Frenzel  has  modified  this  experiment,  and 
shown  that  the  legs  of  a  living  frog  are  digested  by  artificial  gastric  juice,  the  tissues  being  first 
killed  and  then  digested.  His  experiments  go  to  show  that  the  alkalinity  of  the  blood  is  not 
the  protective  medium.]  The  margins  of  a  gastric  ulcer  and  of  gastric  fistulae  in  man  are 
attached  by  the  gastric  juice.  John  Hunter  (1772)  discussed  the  question  why  the  stomach 
does  not  digest  itself.  Not  unfrequently  after  death  the  posterior  wall  of  the  stomach  is  found 
digested,  [more  especially  if  the  person  die  after  a  full  meal  and  the  body  be  kept  in  a  warm 
place,  whereby  the  contents  of  the  stomach  may  escape  into  the  peritoneum.  CI.  Bernard  showed 
that  if  a  rabbit  be  killed  and  placed  in  an  oven  at  the  temperature  of  the  body,  the  walls  of  the 
stomach  are  attacked  by  its  own  gastric  juice.  Fishes  also  are  frequently  found  with  their  stom- 
ach partially  digested  after  death].  It  would  seem  therefore,  that,  so  long  as  the  circulation 
continues,  the  tissues  are  protected  from  the  action  of  the  acid  by  iht alkaline  blood;  this  action 
cannot  take  place  if  the  reaction  be  alkaline  (Pavy).  [This,  however,  does  not  explain  why  the 
pancreatic  juice  does  not  digest  the  pancreas.]  Ligature  of  the  arteries  of  the  stomach  causes 
digestive  softening  of  the  gastric  mucous  memorane.  The  thick  layer  of  mucus  may  also  aid  in 
protecting  the  stomach  from  the  action  of  its  own  gastric  juice  (C7.  Bernard).  [Viola  and  Gas- 
pardi  find  that  if  the  spleen,  with  its  circulation  still  intact,  be  introduced  through  a  gastric  fistula 
into  the  stomach  of  a  dog,  it  is  not  digested  even  after  40  hours,  but  if  the  circulation  was 
stopped  it  was  reduced  to  a  pulp  in  8  hours.  Here  there  is  no  question  of  the  existence  of  col- 
umnar epithelium  and  a  coating  of  mucus.] 

[Comparative. — The  process  of  gastric  digestion  seems  to  be  essentially  the  same  in  all  classes 
of  vertebrates,  with  this  exception,  that  while  the  gastric  juice  of  mammals  and  birds  is  not  active 
at  o*'  C,  that  of  cold-blooded  animals  is,  although  the  optimum  of  the  latter  is  20^  C.  In  the 
human  foetus  pepsin  is  formed  shortly  before  birth,  and  according  to  Hammarsten,  in  the  rabbit  it 
is  formed  in  the  last  week  of  intra-uterine  life,  and  in  the  dog  in  the  third  week  after  birth.  The 
Ibnnatioo  of  acid  takes  place  much  sooner.] 
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[Sec.  167. 


167.  GASES  IN  THE  STOMACH.— The  stomach  always  contains 
a  certain  quantity  of  gas,  derived  partly  from  the  gases  swallowed  with  the 
saliva,  partly  from  gases  which  pass  backwards  from  the  duodenum. 

The  air  in  the  stomach  is  constantly  undergoing  changes,  whereby  its  0  is 
absorbed  by  the  blood,  and  for  i  vol.  of  O  absorbed  2  vols,  of  CO,  are  returned 
to  the  stomach  from  the  blood.  Hence,  the  amount  of  O  in  the  stomach  is 
very  small,  the  CO,  very  considerable  {Planer). 

Oases  in  the  Stomach.— Vol.  per  cent.  {Plantr.) 

j,  Dog. 


H«i«.n 

Subj« 

t  after  Vagi 

&?■■. 

N.    . 

0,    . 





_.  ._ 

.       6.71 

.    7*-50 

31.9 
66.3 


By  the  acid  of  the  stomach  a  part  of  the  CO,  is  set  free  from  the  saliva,  which 
contains  much  CO]  (§  146).     The  N  acts  as  an  indifferent  substance. 

Abnormal  development  of  g-aaes  in  peraons  tufiering  Trom  giatric  catarrh  occurs  when  tbe 

Cic  contents  are  ttrutral  in  reaction ;  during  the  butyric  acid  fennentation  H  Bod  CO,  in 
ed;  the  acetic  acid  and  lactic  Bcid  fermentationi  do  not  cause  the  formation  of  giscs. 
Marsh-gas  (CHJ  has  been  Tound,  tnit  it  comet  liom  the  inleatine,  as  it  can  oolj  be  formed  when 
no  O  is  present  (j  184). 

168.  Structure  of  the  Pancreas. — [The  pancreas  is  a  long,  narrow,  com- 
pound tubular  gland  of  a  cream  color  and  soft  texture,  which  lies  across  the 
posterior  wall  of  the  abdomen  behind  the  stomach  and  opposite  the  first  lam- 
bar  vertebra  ^fig.  219)-  Jt  is  about  18  cm.  long,  4  cm.  broad,  and  1.5  cm. 
thick,  and  weighs  about  75  grams.  The  broader  end  or  head  lies  in,  and  b 
embraced  by,  the  curvature  of  the  duodenum,  and  the  narrow  end  or  tail  is  in 


Fig.  a  19. 

Pancreas  and  duodenum  removed  from  the  body,  and  seen  from  behind.    The  gland  is  coi 

to  sbow  the  ducts. 

contact  with  the  spleen.  The  duct — duct  of  \Virsung — is  about  2-3  mm. 
in  diameter,  runs  along  the  whole  length  of  the  gland,  and  in  its  course  11 
receives  nearly  at  right  angles  contributory  small  ducts  from  the  different 
lobules  of  the  gland.  It  opens,  along  with  the  common  bile-duct,  into  the 
duodenum,  piercing  the  coats  of  the  latter  obliquely  about  8  to  10  cm.  below 
the  pylorus.  In  man  there  is  a  small  accessory  duct — the  duct  of  Santorini 
— opening  independently  into  the  duodenum.     The  gland  has  a  thin  con- 
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neciive- tissue  capsule  which  sends  a  fine  process  and  septa  between  its  lobules, 
md  these  septa  carry  into  it  the  blood-vessels  and  nerves.  The  duct  consists 
of  connective -tissue,  aud  is  lined  by  a  single  layer  of  non-striated  columnar  or 
cylindrical  cells.  When  traced  backwards  the  ducts  open  into  intermediate  or 
intercalary  parts  hned  by  flattened  epithelium,  while  the  intercalary  parts  open 
into  the* acini.] 

The  pancreas  is  a  compound  tubular  gland,  and  in  its  general  arrange- 
ment into  lobes,  lobules,  and  system  of  ducts  and  acini,  it  corresponds 
exactly  to  the  true  salivary  glands  (§  142).  The  single  layer  of  cylindrical 
epithelial  cells  lining  the  ducts  is  not  at  all,  or  only  faintly,  striated.  The 
acini  are  tubular,  or  flask-shaped,  and  often  convoluted.  They  consist  of  a 
membrana  propria,  resembling  that  of  the  salivary  glands,  lined  by  a  single 
layer  of  somewhat  cylindrical  cells,  with  a  more  or  less  conical  apex,  directed 
towards  the  very  narrow  lumen  of  the  acini.  [As  in  the  salivary  glands,  there 
is  a  narrow  intermediary  part  of  the  ducts  opening  into  the  acini,  and  lined 
by  flattened  epithelium.  The  acini  are  larger  and  more  tubular  than  those  of 
the  salivary  gland,  and  moreover,  the  acini  are  more  numerous,  so  that  in  a 
section  far  fewer  ducts  are  seen.] 

The  cells  lining  the  acini  consist  of  tiwo  2one8  (fig.  tao):  (i)  The  smaller 
outer  or  parietal  zone  in  each  ceil  is  transparent,  homogeneous,  sometimes 


Fig.  2W.. 

Seclion  of  (he  unni  of  fresh  parcreia,  show- 
ing ibe  small  lumen  or  the  acini  and  the  ^'S-  ''<' 

frinalar  inner  zone  in  the  cell*  lining  the  Section  of  a  pancre»»  stained  with  picro-carmine. 
•Sini-  D,  duct;  C,  capsule;  A,  acinus  {Siirlitig). 

faintly  striated,  and  readily  stained  with  carmine  and  logwood ;  and  (z)  the 
inner  zone  (Bernard's  granular  layer)  is  granular,  and  stains  but  slightly  with 
carmine  (figs.  221,  222).  [This  inner  zone  contains  a  large  number  of  more 
or  less  refractive  granules  depending  on  the  state  of  physiological  activity  of 
ihe  gland  (fig.  222).]  It  undoubtedly  contributes  to  the  secretion  by  giving 
oS  material,  the  granules  being  dissolved,  while  the  zone  itself  becomes  smaller. 
The  spherical  nucleus  lies  between  the  two  zones.  [The  lumep  of  the  acini  is 
very  small,  and  spindle-shaped  or  branched  cells  (centro- acinar  cells)  lie  in 
it,  and  send  their  processes  between  the  secretory  cells,  thus  acting  as  support- 
ing cells  for  the  elements  of  the  wall  of  the  acini.  During  secretion  there  is  a 
continuous  change  in  the  appearance  of  the  cell-substance  ;  the  granules  of  the 
inner  zone  dissolve  to  form  part  of  the  secretion  ;  new  granules  are  formed  In 
the  homogeneous  substance  of  the  outer  zone,  and  pass  towards  the  inner  zone 
i Heidenkain,  Kuhne,  and  L€a).'\ 

[Changem  in  the  Cells  during  Digeation. — When  Ihe  cells  are  examined  in  the  fresh  con- 
dUK)a,dnring  the  resting  phase,  or  when  the  cells  are  "loaded,"  Ihey  contain  throughout  their 
iuUunce  a  la:ge  number  of  refractive  "  granules  "  or  spherules,  which  may  obscure  Ibe  nucleus. 


310 


STRUCTURE   OF   THE    PANCREAS. 


[Sec. i68. 


epitheltuni.     Small 


Chmngei  of  (be  pancrealic  cells 

I ,  Duiing  hunger ;  i,  io  the  fint  Mage  of  di 
second  itage ;  4,  daring  paralytii 


Mages  of  activity. 


In  ihe  active  phase,  or  in  a  "  dischaiged  "  celt,  the  granales  are  for  lew  aumeioiu,  they  have 
disappeared  from  the  outer  zone  of  the  cell,  and  are  confined  to  its  inner  zone,  and  the  relative 
width  of  the  clear  more  or  leas  homogeneous  outer  zone  and  that  of  the  inner  granular  zone 
depends  upon  the  activitj'  of  the  cells,  and  the  greater  the  activity  the  fewer  the  granules  in  ibe 
inner  zone.  There  is  a  dose  resemblance  between  tbe  condition  of  the  pancreatic  cells  and 
those  of  the' serous  salivary  glands,]  According  to  Heidenhain,  during  lite  first  stage  (6  to  10 
hours)  the  granular  inner  zone  diminiihes  in  size,  (he  granules  disappear,  while  the  sliiated 
outer  zone  increases  in  size  (lig.  221,  3).  In  the  second  stage  (to  (o  20  hours)  the  inner  zone  is 
greatly  enlarged  and  granular,  while  (he  outer  zone  is  small  (fig.  313,  3).  During  hunger  the 
outer  zone  again  enlarges  (fig.  222,  1).  in  a  gland  where  paralytic  secretion  takes  place, 
the  gland  is  much  diminished  in  size,  Ihe  cells  are  shrivelled  (Hg.  222,  4)  and  greatly  changed. 
According  to  Ogata,  some  cells  actually  disappear  during  secretion  {Laagley), 

The  ax ially- placed  excretory  duct  cdnsists  of  an  inner  thick  and  an  outer 
loose  wall  of  connective  and  elastic  tissues,  lined  by  a  single  layer  of  columnar 

— ;n..i;. —      c — II  glands  lie  in  the  largest  trunks.     Non-medullated 

nerves  with  gang/ia  in 
their  course,  pass  to  the 
acini,  but  their  mode  of 
termination  is  unknown. 
[The  nerves  come  from 
the  semilunar  ganglion 
along  the  splenic,  gastro- 
duodenal  and  superior 
mesenteric  arteries.] 
'"''«  The  blood-vessels 
form  a  rich  capillary 
plexus  round  some  acini,  while  round  others  there  are  very  few.  [It  receives 
blood  from  several  arteries  (splenic,  pane  real  ico -duodenal,  and  superior 
mesenteric),  and  its  blood  is  returned  to  the  portal  system  by  the  splenic  and 
superior  mesenteric  veins.}  KUhne  and  Lea  found  peculiar  small  cells  in 
groups  between  the  alveoli,  and  supplied  with  convoluted  capillaries  like  glo- 
rncruli.  Their  significance  is  entirely  unknown. 
I  [They  are  probably  lymphatic  in  their  nature.] 
I  The  lymphatics  resemble  those  of  the  salivary 
:  glands.  [They  begin  as  peri-vascular  and  peri- 
r  spaces,  and  open  into  two  lymphatic  glands 
j  lying  on  the  superior  mesenteric  artery.  When  a 
I  colored  injection  is  forced  into  the  ducts  under  a 
]  high  pressure,  fine  intercellular  passages  between 
:  the  secreting  cells  are  formed  (^Savietli's  canals'),  but 
"  they  are  artificial  products,] 

[Number  of  Ducts. — In  raaking  experiments  upon  the 
eatic  secretion,  it  is  impoitant  (o  remember  that  the  nam- 
if  pancreatic  ducts  varies  in  different  animals.  In  man 
there  is  one  duct  opening  along  with  the  common  bile-duct  at 
Vater's  ampulla,  at  the  junction  of  the  middle  and  lowest  third 
of  the  duodenum.  The  rabbit  has  two  ducts,  the  larger  open- 
ing separately  about  14  luches  (30  10  35  cm.)  below  (he  en- 
trance of  the  bile-duct  (tig.  223).  The  d<^  and  eat  have  each 
(wo  ducts  opening  separately,] 

Chemistry, — The  frtsi  pancreas  contains  water,  proteids, 
fermenls,  fats,  and  salts.      In  a  gland  which  has  been  exposed 
stomach;  GB,  gall-bladder;   for  some  time,  much  leucm,   isoleucin,  butalin,  (yrosin,  often 
BD,  bile-duct.  xanthin  and  guanin,  are  found ;   lactic  and  falty  acida  seem  to 

be  fonued  from  chemical  decompositions  taking  place. 

169.    THE    PANCREATIC  JUICE.— Method.— Regner  de   Graaf 
(1664)  tied  a  cannula  in  the  pancreatic  duct  of  a  dog,  and  collected  the  juice  in 


r- 


Fig.  223. 
Pancreas  of  tbe  rabbit  P ;  fid, 
pancreatic  duct ;   J,  d,  duo. 
denum-,     I^,     pyl< 
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a  small  bag.  Other  experimenters  made  a  temporary  fistula.  To  make  a 
permanent  fistula,  the  abdomen  is  opened  (dog),  the  pancreatic  duct  pulled 
forward,  and  stitched  to  the  abdominal  wall,  with  which  it  unites.  Heidenhain 
cuts  out  the  part  of  the  duodenum  wheqp  the  duct  opens  into  it,  from  its  con- 
tinuity with  the  intestine,  and  fixes  it  outside  the  abdominal  wound. 

The  secretion  obtained  from  a  permanent  fistula  is  a  copious,  slightly 
active,  watery  secretion,  containing  much  sodium  carbonate.  The  thick  fluid 
obtained  from  the  fistula  before  inflammation  sets  in,  or  that  from  a  temporary 
fistula,  acts  far  more  energetically.  This  thick  secretion,  which  is  small  in 
amount,  is  the  normal  secretion.  The  copious  watery  secretion  is,  perhaps, 
caused  by  the  increased  transudation  from  the  dilated  blood-vessels  (possibly  in 
consequence  of  the  paralysis  of  the  vaso-motor  nerves).  It  is,  therefore,  in  a 
certain  sense,  a  "  paralytic  secretion  **  (§  145).  The  quantity  varies  much, 
according  as  the  fluid  is  thick  or  thin.  During  digestion,  a  large  dog  secretes 
I  to  1.5  gram,  of  a  thick  secretion  (C7.  Bernard),  Bidder  and  Schmidt 
obtained  in  twenty-four  hours  35  to  117  grams  of  a  watery  secretion  per  kilo, 
of  a  dog.  When  the  gland  is  not  secreting,  and  is  at  rest,  it  is  soft,  and  of  a 
pale  yellowish-red  color,  but  during  secretion  it  is  red  and  turgid  with  blood, 
owing  to  the  dilatation  of  the  blood-vessels.  [It  is  to  be  remembered  that  most 
of  the  experiments  have  been  made  in  the  pancreatic  juice  of  the  dog.] 

Physical  and  Chemical  Characters  of  the  Secretion. — The  normal 
secretion  is  thick,  transparent,  colorless,  odorless,  saltish  to  the  taste,  and  has 
a  strong  alkaline  reaction,  owing  to  the  presence  of  sodium  carbonate,*  so  that 
when  an  acid  is  added,  COj  is  given  off.  It  contains  several  groups  of  sub- 
stances— (i)  serum-albumin  and  alkali-album inate ;  it  is  sticky,  somewhat 
viscid,  flows  with  difficulty,  and  is  coagulated  by  heat  into  a  white  mass.  In 
the  cold,  there  separates  a  jelly-like  albuminous  coagulum.  Nitric,  hydro- 
chloric, and  sulphuric  acids  cause  a  precipitate ;  while  the  precipitate  caused 
by  alcohol  is  redissolved  by  water.  (2)  Several  ferments  (p.  312)  ;  (3)  Nitro- 
genous bodies,  ^^  g^y  leucin,  guanin,  etc.,  in  small  amount ;  (4)  Traces  oi soaps ; 
(5)  Salts,  less  than  i  per  cent.  CI.  Bernard  found  in  the  normal  pancreatic 
juice  of  a  dog  8.2  per  cent,  of  organic  substances,  and  0.8  per  cent,  of  ash. 
The  juice  (dog)  analyzed  by  Carl  Schmidt  contained  in  1000  parts : — 

Collected  on  first  opening 

the  duct.  Permanent  Fistula. 

Water, 900.8  979.0 

Solids, 99.2  20.0 

Q  .; ..  f  Organic    Matter, 90.4  12.4 

'*®"^®  \  Inorganic       "         8.8  7.6 

The  ash  from  looo  parts  of  juice  yielded — 

Soda, 0.58  3.32 

Sodic  chloride, 7.35  2.50 

Potassic  chloride, 0.02  0.93 

Phosphates  of  alkaline  earths  and  iron,  0.53  0*08 

Sodic  phosphate, o.oi 

Lime  and  magnesia, 0.32  0.0 1 

The  more  rapid  and  more  profuse  the  secretion,  the  poorer  it  is  in  organic  substances,  while 
the  inorganic  remain  almost  the  same ;  nevertheless,  the  total  quantity  of  solids  is  greater  than 
when  the  quantity  secreted  is  small  [Bernstein).  Traces  of  leucin  and  soaps  are  present  in 
the  fresh  juice,  fit  usually  contains  few  or  no  structural  elements.  Any  structural  elements 
present  in  the  fresh  juice,  as  well  as  its  proteids,  are  digested  by  the  peptone-forming  ferment  of 
the  juice,  especially  if  the  latter  be  kept  for  some  time.  If  the  fresh  juice  is  allowed  to  stand 
kx  some  time,  and  then  mixed  with  chlorine  water,  a  red  color  is  obtained.] 

Concretions  are  rarely  formed  in  the  pancreatic  ducts ;  they  usually  consist  of  calcic  carbonate. 
Dextrose  has  been  found  in  the  juice  in  diabetes,  and  urea  in  jaundice.     Schiff  *s  statement  that 
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the  pancreas  secretes  only  after  the  absorption  of  dextrin  has  not  been  confirmed.     The  secpetocy 
activity  of  the  pancreas  is  not  dependent  on  the  presence  of  the  spleen. 

[Comparative. — The  pancreatic  juice  of  the  dog  contains  about  lo  per 
cent,  of  solids ;  of  these  9  is  organic,  u  mineral.  In  other  animals,  however, 
the  percentage  of  solids  is  much  less;  in  the  sheep  2.15,  and  rabbit  1.76. 
Herter  found  over  20  per  cent,  of  solids  in  the  fluid  accumulated  in  a  human 
dilated  pancreatic  duct.  In  many  fishes  the  pancreatic  juice  is  acid,  and  does 
not  contain  any  dsastatic  ferment.  In  molluscs  and  arthropoda  there  is  a  fer- 
ment analogous  to  trypsin.  The  secretion  is  intermittent  in  camivora  and 
continuous  in  herbivora.] 

170.  ACTIONS  OF  THE  PANCREATIC  JUICE.— The  presence 
of  four  enzymes,  or  hydrol3^ic  ferments,  makes  the  pancreatic  juice  one 
of  the  most  important  digestive  fluids  in  the  body. 

I.  Its  diastatic  action  is  due  to  the  diastatic  ferment  amylopsin,  a  sub- 
stance which  seems  to  be  identical  with  (he  saliva  ferment ;  but  it  acts  much 
more  energetically  than  the  pty^lin  of  saliva  on  raw  stared  as  well  as  upm 
boiled  starch  ;  at  the  temperature  of  the  body  the  change  is  effected  almost  at 
once,  while  it  takes  place  more  slowly  at  a  low  temperature,  maltose  being 
formed.  Glycogen  is  changed  into  dextrin  and  grape  sugar ;  and  achroodextrin 
into  sugar.  Even  cellulose  is  said  to  be  dissolved,  and  gum  changed  into  sugar 
by  it,  but  inulin  remains  unchanged. 

[If  digestion  of  starch  by  pancreatic  juice  or  saliva  be  carried  on  under  con- 
ditions approximating  as  nearly  as  possible  to  those  existing  in  the  intestine, 
nearly  the  whole  of  the  starch  may  be  converted  into  maltose,  there  being  but 
little  dextrin  left  at  the  end  of  a  prolonged  digestion.  The  presence  of  the 
maltose  seems  to  prevent  the  further  conversion  of  the  small  remainder  of 
dextrin  into  sugar  {Sheridan  Lea),  Sugar  seems  to  be  the  final  form  in  which 
the  products  of  digestion  of  carbohydrates  leave  the  intestine  and  pass  into  the 
blood.] 

According  to  v.  Mering  and  Musculus,  the  starch  (as  in  the  case  of  the  saliYa,  {  14S)  b 
changed  into  maltose,  and  a  reducing-dextrin ;  so  also  is  glycogen.  Amylc^isin  chanjges 
achroodextrin  into  maltose ;  at  40°  C.  maltose  is  slowly  changed  into  dextrose,  but  cane-sogir 
is  not  changed  into  invert-sugar.  The  ferment  is  precipitated  by  alcohol,  while  it  is  extracted  by 
glycerin  without  undergoing  any  essential  change.  All  conditions  which  destroy  the  diaststic 
action  of  saliva  (J  148)  similarly  affect  its  action,  but  the  admixture  with  acid  gastric  juice  (its 
acid  being  neutralized)  or  bile  does  not  seem  to  have  any  injurious  influence.  This  ferment  b 
absent  from  the  pancreas  of  new-bom  children  {JCorowin). 

Preparation  of  the  Ferment. — It  is  isolated  by  the  same  methods  as  obtain  for  ptjilm 
{Z  148),  but  the  tryptic  ferment  is  precipitated  at  the  same  time.  The  addition  of  neutral  sahs 
{a  per  cent,  solution),  e,  g.y  potassium  nitrate,  common  salt,  ammonium  chloride,  increases  the 
aiastatic  action. 

II.  Its  tryptic  or  proteol3^ic  action,  or  its  action  on  proteids,  depends  upon 
the  presence  of  a  hydrolytic  ferment  which  is  now  termed  tr3rpsin  {Kuhne^, 
Trypsin  acts  upon  proteids  at  the  temperature  of  the  body,  when  the  reaction  is 
alkaline,  and  changes  them  first  into  a  globulin-like  substance,  then  into  pro- 
peptone  or  albumose,  and  lastly  into  a  true  peptone,  sometimes  called  tryptone. 
The  albumoses  are  not  so  abundant  or  so  easily  separated  as  in  gastric  digestion 
(see  also  p.  302) ;  [as  in  gastric  digestion  the  peptones  formed  are  hcmi- pep- 
tone and  anti-peptone,  but  the  former  alone  undergoes  further  change  when 
it  is  acted  on  by  the  pancreatic  juice].  The  proteids  do  not  swell  up  before 
they  are  changed  into  peptone,  [but  they  are  eroded  or  eaten  away  by  the  action 
of  the  juice].  When  the  proteid  has  been  previously  swollen  up  by  the  action 
of  an  acid,  or  when  the  reaction  of  the  medium  is  acid,  the  transformation  is 
interfered  with,  although  the  changes  go  on  slowly  in  a  neutral  medium. 

Substances  yielding  gelatin,  nuclein  (?),  and  Hb,  resist  trypsin ;  glutin  and  swollen-op  gcMn- 
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yielding  subetmnces  are  changed  into  gelatin-peptooe,  bat  the  latter  undergoes  no  further  change. 
Hb-Oj  is  split  up  into  albumin  and  hsemochromogen*  In  other  respects,  trypsin  acts  on  tissues 
containing  albumins  just  like  pepsin  ({  166,  III). 

Trypsin  is  never  absent  from  the  pancreas  of  new-born  children  (Zwn/e/),  and  it  may  be 
extracted  by  water,  which,  however,  also  dissolves  the  albumin.  Ktthne  has  carefully  separated 
the  ilbumin  and  obtained  the  ferment  in  a  pure  state.  It  is  soluble  in  water,  insoluble  in 
alcohol  Pepsin  and  hydrochloric  acid  together  act  upon  trypsin  and  destroy  it ;  hence  it  is 
not  advisible  to  administer  trypsin  by  the  mouth,  as  it  would  be  destroyed  in  the  stomach. 
Wlien  dried  it  may  be  heated  to  160^  without  injury. 

Tiypsin  is  formed  within  the  pancreas  by  a  **  mother- substance,"  or 
zymogen y  taking  up  oxygen.  The  zymogen  is  found  in  small  amount,  6  to 
10  hours  after  a  meal,  in  the  inner  zone  of  the  secretory  cells,  but  after  16 
hours  it  is  very  abundant  in  the  inner  zone  of  the  cells.  It  is  soluble  in  water 
and  glycerin.  Trypsin  is  formed  in  the  watery  solution  from  the  zymogen, 
and  the  same  result  occurs  when  the  pancreas  is  chopped  up  and  treated  with 
strong  alcohol  {Kuhne).  The  addition  of  sodium  chloride,  carbonate,  and 
giycocholate,  favors  the  activity  of  the  tryptic  ferment  {Heidenhaifi),  [The 
following  fects  show  that  zymogen  (Cw/^iy,  ferment),  or,  as  it  has  been  called, 
trypsinogen,  is  the  precursor  of  trypsin,  that  it  exists  in  the  gland-cells,  and 
retiuires  to  be  acted  upon  before  trypsin  is  formed.  If  a  glycerin  extract  be 
made  of  a  pancreas  taken  from  an  animal  just  killed,  and  if  another  extract  be 
made  from  a  similar  pancreas  which  has  been  kept  for  24  hours,  it  will  be  found 
that  an  alkaline  solution  of  the  former  has  practically  no  effect  on  fibrin,  while 
the  latter  is  powerfully  proteolytic.  If  a  fresh,  and  still  warm,  pancreas  be 
rubbed  up  with  an  equal  volume  of  a  i  per  cent,  solution  of  acetic  acid,  and  then 
extracted  with  glycerin,  a  powerfully  protedlytic  extract  is  at  once  obtained. 
Trypsin  is  formed  from  zymogen  by  the  action  of  acetic  acid.  There  is  reason 
to  believe  that  trypsin  is  formed  from  zymogen  by  oxidation,  and  that  the 
former  loses  its  proteolytic  power  after  removal  of  its  oxygen.  The  amount  of 
zymogen  present  in  the  gland-cells  seems  to  depend  upon  the  number  and  size 
of  the  granules  present  in  the  inner  granular  zone  of  the  secretory  cells.] 

Further  Effects  on  Proteids. — When  trypsin  is  allowed  to  act  upon 
the  hemi-peptone  formed  by  its  own  action,  the  latter  is  partly  changed  into 
the  amido-acid,  leucin,  or  amido-caproic  acid  (CeHisNO,),  and  tyrosin 
(QH„NOs).  Tyrosin  belongs  to  the  aromatic  series  (§  252,  IV,  3).  Hypo- 
xanthin,  xanthin,  and  aspartic  or  amido-succinicacid  (C4H9N04)  are  also  formed 
during  the  digestion  of  fibrin  and  gluten,  and  so  are  glutamic  (CsH^NOJ  and 
amido- valerianic  acid  (CjHuNO,).  Gelatin  is  first  changed  into  gelatin-pep- 
tone, and  afterwards  is  decomposed  into  glycin  and  ammonia. 

Putrefactive  Phenomena. — If  the  action  of  the  pancreatic  juice  be  still 
further  prolonged,  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong, 
stinking,  disagreeable  faecal  odor  is  formed  together  with  indol  (CsHjN), 
skatol  (QHjN),  and  phenol  (QH^O),  and  a  substance — protein-chromo- 
gen — which  becomes  red  on  the  addition  of  chlorine-water  {Bemar(f)y  [or  it 
gives  with  bromine-water  first  a  pale  red  and  then  a  violet  tint  {Kuhne)\y 
volatile  fatty  acids  are  formed,  while,  at  the  same  time,  H,  CO,,  H,S,  CH;, 
and  N  are  given  off.  The  formation  of  indol  and  the  other  substances  just 
mentioned  depends  upon  putrefaction  (§  184,  III).  Their  formation  is  pre- 
vented by  the  addition  of  salicylic  acid,  or  thymol,  which  kills  the  organisms 
upon  which  putrefaction  depends  {Kuhne), 

[Peptones  are  formed  from  proteids  by  the  action  of  the  pancreatic  ferment  without  the  aid  of 
micro-organisms  (if  the  digestive  fluid  contains  I  per  cent,  carbolic  acid  it  is  quite  antiseptic) . 
The  prodoction  of  indol  is  alwajrs  associated  with  the  appearance  of  micro-organisms  in  the 
medium,  and  Harris  and  Tooth  incline  to  the   view   that  there  are  special   indol -forming 
organisms,  in  the  absence  of  which  this  body  does  not  appear.] 
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[Sec.  170. 


[Artificial  Digestion  and  Pancreatic  vs.  Gastric  Digestion. — From 

fibrin  placed  in  pancreatic  juice,  or  in  a  i  per  cent,  solution  of  sodium  tarbonate 
containing  the  ferment  trypsin,  peptones  are  rapidly  formed  at  40*^  C.  When 
we  compare  gastric  with  pancreatic  digestion,  we  find  that  the  fibrin  in 
pancreatic  digestion  is  eroded,  or  eaten  away,  and  never  swells  up.  The 
process  takes  place  in  an  alkaline  medium,  and  never  in  an  acid  one.  In  fact, 
a  I  per  cent,  solution  of  sodic  carbonate  seems  to  play  the  same  part  in  assist- 
ing trypsin  that  a  .2  per  cent,  solution  of  HCl  does  for  pepsin,  in  gastric 
digestion.  In  gastric  digestion  acid-albumin  or  syntonin  is  formed  in  addition 
to  the  true  peptones.  In  pancreatic  digestion  a  body  resembling  alkali- albumin, 
which  passes  into  a  globulin-like  body,  and  ultimately  into  a  peptone,  is 
formed.  Of  the  peptones  so  produced,  one  is  called  anti-peptone,  and  it  is 
not  further  changed,  but  part  of  the  proteid  is  changed  into  hemi-peptone. 
This  body,  when  acted  upon,  yields  leucin  and  tyrosin.  When  putrefection 
takes  place,  the  bodies  above-mentioned  are  also  formed.  We  might  represent 
the  action  of  trypsin  thus  :  Proteid  -f-  trypsin  -|-  i  per  cent,  sodium  carbonate, 
kept  at  38^  C.  =  formation  of  a  globulin-like  body,  and  then  anti-peptone  and 
hemi-peptone  are  formed. 


Anti-peptone 

Hemi-peptone. 

yitlds                                                           yields 

Normal  Digestive  Products. 

Putre&ctive  Products. 

undergoes  no 
further  change. 

Leucin, 
Tyrosin, 
Hypoxanthin, 
Aspartic  Add. 

Indol.                     Volatile  Fatty  Acids, 
Skatol,                    H.  CO.,  H^, 
Phenol.                 CH4,  N. 

It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce 
peptone.     Pepsin  cannot  do  this  without  the  aid  of  an  acid.] 

[In  artificial  tryptic  digestion  of  fibrin  Kiihne  obtained  9.1  per  cent,  of  leucin 
and  3.86  of  tyrosin.  S.  Lea  more  recently  obtained  ^10  per  cent,  of  the 
former,  and  2-3  per  cent,  of  the  latter — /.  e.,  in  the  ratio  of  3  :  i.  Lea 
confirms  Kiihne's  view,  and  has  further  shown  from  the  examination  of  the 
contents  of  the  duodenum  in  a  dog  after  digestion  of  a  meal  of  flesh,  that 
both  leucin  and  tyrosin  are  formed  in  the  intestine  in  not  inconsiderable 
quantities  during  natural  tryptic  digestion.] 

[The  following  scheme  by  Kiihne  indicates  the  action  of  ferments  (and  cer- 
tain acids)  on  proteids.  The  latter  are  split  up  into  an  anti-group  and  a  hemi- 
group. 

Action  of  Enzymes  (ferments). 
Albumin. 
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The  anti-group  is  not  further  split  up,  but  the  hemi-group  although  not  split 
up  by  gastric  digestion,  is  split  up  by  tryptic  digestion  into  leucin,  tyrosin,  and 
other  products.] 

[Ki^hne's  Pancreas  Powder. — This  is  prepared  by  the  prolonged  extraction  of  fresh  pan- 
creas of  ox  with  alcohol  and  then  with  ether.     If  the  dry  powder  be  extracted  for  several  hour* 
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with  1 1  per  cent,  solution  of  salicylic  acid,  and  filtered,  a  fluid  with  powerful  proteolytic,  but 
DO  diastatic,  properties  is  obtained.  Several  hours  afterwards  much  tjrrosin  may  separate  out, 
which,  of  course,  must  be  removed  by  filtration.  The  clear  fluid,  when  mixed  with  fibrin  and  a 
I  per  cent  solution  of  sodic  carbonate,  rapidly  digests  fibrin.  If  it  be  desired  to  obtain  a  true 
piQcreatic  digestion,  with  none  of  the  products  of  putrefaction,  the  mixture  must  be  strongly 
^^thymolized'*  with  a  25  per  cent,  alcoholic  solution  of  thymol  (AUAHf),^ 

[Setschenow  finds  that  egg-albumin,  boiled  in  a  vacuum  at  35-40^  C,  is  more  rapidly  digested 
than  fibrin  by  a  specially  prepared  trypsin.]  When  proteids  are  boiled  for  a  long  time  with 
dilute  H,S04,  we  obtain  peptone,  then  Uucin  and  tyrosin  ;  gelatin  yields  glycin,  Hypoxanthin 
and  xanthin  are  obtained  in  the  same  way  by  similarly  boiling  fibrin,  and  the  former  may  even 
be  obtained  by  boiling  fibrin  with  water  (Chittenden). 

It  is  very  remarkable  that  the  juice  of  the  green  firuit  of  the  papaya  tree,  or  Carica  papaya,. 
possesses  digestive  properties  {Roy^  Wittmack)^  and  that  the  action  is  due  to  a  p>eptonizing  fer- 
ment, closely  related  to  trypsin,  and  called  caricin  or  papain.  [It  forms  a  true  peptone,  an 
mtermediate  body,  and  leucin  and  tyrosin.  It  also  contains  a  milk-coagulating  ferment  {Afartin).'] 
The  milky  juice  of  the  fig-tree  has  a  similar  action.  Sprouting  malt,  vetdi,  hop,  hemp  during 
sprouting,  and  the  receptacle  of  the  artichoke  contain  a  peptonizing  ferment  Leucin,  tyrosin, 
glutamic  and  aspaitic  acids,  and  xanthin  are  formed  in  the  seeds  of  some  plants ;  hence  we  may 
asiame  that  the  processes  of  decomposition  in  some  seeds  are  closely  allied  to  the  fermentative 
actkxis  that  occur  in  the  intestine. 

III.  Its  action  on  neutral  fats  is  twofold:  (i)  It  acts  upon  fats  so  as 
to  form  a  fine  permanent  emulsion.  (2)  It  causes  neutral  fats  to  take  up 
a  molecule  of  water  and  split  into  glycerin  and  their  corresponding  fatty 
acids  * 

(C„H„.0.)  +  3(  H,0)  =  (C,H,0.)  +  3(C„H„O0. 

Tristearin.  Water.  Glycerin.  Stearic  Acid. 

The  latter  result  is  due  to  the  action  of  an  easily-decomposable  fat-splitting 
ferment  (C/.  Bernard),  also  called  steapsin.  Lecithin  is  decomposed  by  it 
into  glycerin-phosphoric  acid,  neurin,  and  fatty  acids.  The  fatty  acids  thus 
liberated  are  partly  saponified  by  the  alkali  of  the  pancreatic  and  intestinal 
juices,  and  partly  emulsion ized  by  the  alkaline  intestinal  juice.  Both  the  soaps 
and  emulsions  are  capable  of  being  absorbed  (§  191). 

Emalsification. — The  most  important  change  effected  on  &ts  in  the  small  intestine  is  the 
prodoction  of  an  emulsion,  or  their  subdivbion  into  exceedingly  minute  particles  ({  191).  This 
is  necessary  in  order  that  the  fats  may  be  taken  up  by  the  lacteals.  It  the  fat  to  be  emulsified 
contain  a  free  fatty  acid,  f.  /.,  if  it  be  slightly  rancid,  and  if  the  fluid  with  which  it  is  mixed  be 
alkaHne^  emulsifioBtion  takes  place  extremely  rapidly  {Briicke\  A  drop  of  cod-liver  oil,  which 
in  its  unpnrified  condition  always  contains  fatty  acids,  on  being  placed  in  a  drop  of  0.3  per  cent, 
sdotion  of  soda,  insuntly  gives  rise  to  an  emulsion  (Gad).  The  excessively  minute  oil-globules 
that  compose  the  emulsion  are  first  covered  with  a  layer  of  soap,  which  soon  dissolves,  and  in 
the  process  small  globules  are  detached  from  the  original  oil-globules.  The  fresh  surface  is 
igain  covered  by  a  soap  film,  and  the  process  is  repeated  over  and  over  again  until  an  exces- 
sively fine  emulsion  is  obtained.  If  the  fat  contain  much  fatty  acid,  and  the  solution  of  soda  be 
more  concentrated,  **  myelin  forms'''*  are  obtained  similar  to  those  which  are  formed  when  fresh 
nerve-fibres  are  teased  in  water.  Animal  oils  emulsionize  more  readily  than  vegetable  oils; 
castor  oil  does  not  emulsionize  (Gad).  [It  is  extremely  difficult  to  obtain  a  perfectly  neutral 
oil,  as  most  oib  contain  a  trace  of  a  fatty  acid.  In  fact,  if  on  adding  a  weak  solution  of  sodic 
carbonate  to  oil  or  fatty  matters,  fluid  at  the  temperature  of  the  body,  an  emulsion  is  obtained, 
one  may  be  sore  that  the  oil  contained  a  fatty  acid,  so  that  Bernard's  view  about  an  "  emulsive 
ferment*'  being  necessary  is  not  endorsed.  The  fatty  acid  set  free  by  the  fat-splitting  ferment 
enables  the  alkaline  pancreatic  juice  at  once  to  produce  an  emulsion.] 

Pat-Splitting  Ferment. — This  is  a  very  unstable  body,  and  must  be  prepared  from  the  per- 
fectly fi^sb  gland  by  rubbing  it  up  with  powdered  glass,  glycerin,  and  a  I  per  cent  solution  of 
sodic  carbonate,  and  allowing  it  to  stand  for  a  day  or  two  ( GrOtzner),  [This  ferment  b  said  to 
cause  an  emulsion  of  oil  and  mucilage  tinged  blue  with  Utmus  at  40^  C.  to  become  red  (Gamgee). 
In  performing  thb  experiment  notice  that  the  mucilage  is  perfectly  neutral,  as  gum-arabic  is 
frequently  acid.] 

[Pancreatic  Extracts. — The  action  of  the  pancreas  may  be  tested  by  making  a  watery  ex- 
tract of  a  perfectly  fresh  gland.  Such  an  extract  alwajrs  acts  upon  starch  and  generally  upon 
£us,  but  this  extract  and  also  the  glycerin  extract  vary  in  their  action  upon  proteids  at  diflerent 
times.     If  the  extract — watery  or  glycerin — be  made  from  the  pancreas  of  a  fasting  animal,  the 
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tryptic  action  is  slight  or  absent,  but  is  active  if  it  be  prepared  from  a  gland  4  to  10  hoon  after 
a  meal.  The  pancreatic  preparations  of  Benger  of  Manchester,  Savory  and  Moore,  or  Bnnoaghs 
and  Wellcome,  all  possess  active  diastatic  and  proteolytic  properties.] 

[Pancreas  Ferments. — Finely  divided  calf's  pancreas  is  extraaed  with  less  than  twice  its 
volume  of  water  and  kept  for  five  hours  at  38°  C.  The  fluid  is  decanted,  shaken  with  ether,  and 
precipitated  with  alcohol.  The  precipitate  is  spread  on  Alter  paper  and  dried  at  40**  C.  A  anaU 
piece  of  this  paper  extracted  with  3-4  cc.  of  water  yields  a  fluid  with  diastatic,  tryptic,  and  it  is 
said,  fat-splitting  activities  (SefscAenow).'] 

[Pancreas  Salt. — Prosser  James  proposes  to  employ  common  salt  mixed  with  pepsin,  which 
he  calls  peptic  salt ;  and  he  advocates  the  use  of  another  preparation  composed  of  the  pancreatic 
ferments  and  common  salt,  pancreatic  salt] 

The  pancreas  of  new-born  children  contains  trypsin  and  the  fat-decom- 
posing ferment,  but  not  the  diastatic  one  (Zweifel^:  A  slight  diastatic  action 
is  obtained  after  two  months,  but  the  full  effect  is  not  obtained  until  after  the 
first  year  {Korowin), 

IV.  The  pancreas  contains  a  milk-curdling  ferment,  which  may  be  ex- 
tracted by  means  of  a  concentrated  solution  of  common  salt. 

171.  THE  SECRETION  OF  THE  PANCREATIC  JUICE.- 
Rest  and  Activity. — As  in  other  glands,  we  distinguish  a  quiescent  state, 
during  which  the  gland  is  soft  and  pale,  and  a  state  of  secretory  activity,  dur- 
ing which  the  organ  swells  up  and  appears  pale  red.  The  latter  condition  only 
occurs  after  a  meal,  and  is  caused  probably  reflexly  owing  to  stimulation  of  the 
nerves  of  the  stomach  and  duodenum.  Kiihne  and  Lea  found  that  all  the 
lobules  of  the  gland  were  not  active  at  the  same  time.  The  pancreas  of  the 
herbivora  secretes  uninterruptedly  [but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion. — According  to  Bernstein  and  Heidenhain  the  secre- 
tion begins  to  flow  when  food  is  introduced  into  the  stomach,  and  reaches  its 
maximum  2  to  3  hours  thereafter.  The  amount  falls  towards  the  5lh  or  7th 
hour,  and  rises  again  (owing  to  the  entrance  of  the  chyme  into  the  duodenum) 
towards  the  9th  and  nth  hour,  gradually  falling  towards  the  17th  to  24th 
hour  until  it  ceases  completely.  When  more  food  is  taken,  the  same  process  is 
repeated.  As  a  general  rule,  a  rapidly  formed  secretion  contains  less  solids 
than  one  formed  slowly. 

Condition  of  Blood- Vessels. — During  secretion,  the  blood-vessels  behave 
like  the  blood-vessels  of  the  salivary  glands  after  stimulation  of  the  chorda— 
they  dilate,  and  the  venous  blood  is  bright  red — thus,  it  is  probable  that  a  similar 
nervous  mechanism  exists  [but  as  yet  no  such  mechanism  has  been  discovered]. 
The  secretion  is  excreted  at  a  pressure  of  more  than  1 7  mm.  Hg.  (rabbit). 

Effect  of  Nerves. — The  nerves  arise  from  the  hepatic,  splenic,  and  superior 
mesenteric  plexuses,  together  with  branches  from  the  vagus  and  sympathetic. 
The  secretion  is  excited  by  stimulation  of  the  medulla  oblongata,  as  well  as 
by  direct  stimulation  of  the  gland  itself  by  induction -shocks.  [It  is  not  arrested 
by  secretion  of  the  cervical  spinal  cord.]  The  secretion  is  suppressed  by 
atropin  [in  the  dog,  but  not  the  rabbit],  by  producing  vomiting,  by  stimula- 
tion of  the  central  end  of  the  vagus,  as  well  as  by  stimulation  of  other  sensory 
nerves,  e,g,f  the  crural  and  sciatic.  Extirpation  of  the  nerves  accompanying 
the  blood-vessels  prevents  the  above-named  stimuli  from  acting.  Under  these 
circumstances,  a  thin  **  paralytic  secretion,'*  with  feeble  digestive  powers,  is 
formed,  but  its  amount  is  not  influenced  by  the  taking  of  food.  [Secretion  b 
excited  by  the  injection  of  ether  into  the  stomach.] 

Excision  of  the  Pancreas. — The  duct  may  be  ligatured  in  animals,  without  causing  aoj 
very  great  change  in  their  nutrition ;  the  absorption  of  fat  from  the  intestine  does  not  cease. 
After  the  duct  is  ligatured  it  may  be  again  restored.  Ligature  of  the  duct  may  cause  the  fonna- 
tion  of  cysts  in  the  duct  and  atrophy  of  the  gland-substance.  Pigeons  soon  die  after  this  opeia- 
tion.  [After  excision  of  the  pancreas,  dogs  become  permanently  diabetic  fp.  331).  There  aaay 
be  as  much  as  5-10  per  cent,  of  sugar  in  the  urine  during  fasting.  In  tne  later  stages  beiore 
death  acetonuria  occurs  (Minkowski  and  v.  Mering).'] 


Sec.  17a.]  PEPTONIZED    FOOD.  3I7 

[173.  PREPARATION  OF  PEPTONIZED  FOOD.— Peptonized 
food  may  be  given  to  patients  whose  digestion  is  feeble  {Roberts).  Food  may 
be  peptonized  either  by  peptic  or  tryptic  digestion,  but  the  former  is  not  sa 
suitable  as  the  latter,  because  in  peptic  digestion  the  grateful  odor  and  taste  of 
the  food  are  destroyed,  while  bitter  bye-products  are  formed,  so  that  pancreatic 


Porul  Tcio  and  iti  branches  of  origin.  A,  liver;  B,  gall-bladder;  C.tpleen;  D,  stomMh  ;  E, 
pait  of  ttie  $m>ll  iotestine ;  i,  unnk  of  the  p<xtal  veio ;  3.  superior  and  3,  inferior  mesen- 
uric  veins;  4,  superior,  5,  5',  lOtddle  and  iDferior  hxmorrhoidal  veins;  6,  right,  aud  7, 
left,  gsstro- epiploic  veini;  8,  splenic  vein;  9,  gauric  coronary  vein ;  10,  pyloric  vcio;  II, 
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digestion  yields  a  more  palatable  and  agreeable  product.    As  trypsin  is  destroyed 
by  gastric  digestion,  obviously  it  is  useless  to  give  extract  of  the  pancreas loa 

patient  along  with  his  food.] 

[Peptonized  Milk. — "A  pint  of  milk  is  dilnted  with  ■  qwrter  of  n  pint  of  water  sod  baud 
10  60°  C.  Two  or  three  leaspooDfuls  of  Benger's  liquor  piDcreaticus.  ic^lber  whli  loaxi 
graios  of  bicarbonate  of  soda,  ore  then  mixed  therewith."  Keep  the  mixture  ol  38°  C.  fcr  ibon 
two  hours,  and  then  boit  it  for  tvo  or  three  minutes,  which  arresia  the  ferment  action.] 

[Peptoniied  Gruel,  prepared  from  oalmcal,  or  any  fatimceous  food,  is  more  igreeablc  lim 
peploniied  milk,  as  (he  bitter  flavor  does  not  appear  to  be  developed  in  the  pancreatic  digisliai 
of  vigtlailt  proteids.] 

K Peptonized  Milk-Gruel  yielded  Roberts  the  most  satisfactory  remits,  as  a  complete  ind 
ly  nutritious  Ibod  for  weak  digestions.  Make  a  thick  gruel  from  any  farinaceous  food.c.j'., 
oatmeal,  aod  white  still  hot  add  to  it  an  equal  volume  of  cold  milk,  when  ihe  mixture  will  hiit 
«  temperature  of  52°  C.  (135°  F,).  To  each  pint  of  this  miilure  add  two  or  three  teaspocofali 
of  liquor  pancreaiicus  and  10  grains  of  bicarbonate  of  soda.  It  is  kept  warm  for  two  hun 
under  a  "  cosey."  It  ia  then  boiled  for  a  few  minutes  and  strained.  The  billemeu  of  Uk 
digested  milk  is  almost  completely  covered  by  (he  sugar  produced  during  the  process.] 

[Peptonized  soups  and  bMf-lea  have  also  been  made  and  used  with  succeu,  and  have  bcm 
administered  both  by  the  mouth  and  rectum.] 

[Peptoniiing  powders  containing  the  proper  proportions  of  ferment  and  sodic  bicsrinaale 
are  prepared  by  Benger,  and  Burroughs  and  Wellcome.} 

[173.  Structure  of  the  Liver. — The  liver  is  the  heaviest  organ  in  ibe 
body,  weighing  in  the  adult,  when  devoid  of  blood,  about  1850  grams.  It 
forms  ^  of  the  weight  of  the  male  body,  and  is  about  aScm.  in  length,  18  cm. 
in  breadth  at  its  thickest  part.  The  bile  is  carried  out  of  the  liver  by  the  two 
hepatic  ducts,  which  emerge  from  the  right  and  left  hepatic  substance  at  the 
transverse  fissure.  They  tinite  and  are  joined  by  the  cystic  duct,  which  is  a 
continuation  of  the  tapering  extremity  of  the  gall-bladder.  By  the  uoioa  of 
the  hepatic  duct  with  Uie  cystic  dtict  the  common  bile  duct  (75  mm.  long) 
is  formed.  It  pierces  the  coats  of  the  duodentim  very  obliquely,  and  opens, 
along  with  the  pancreatic  duct,  into  the  duodenum.  The  gall-bladder  is  1 
pear-shaped  sac,  capable  of  containing  20-15  '^-^-  °^  ^''^-  ^^  some  animals 
the  gall-bladder  is  wanting,  as  in  the  donkey,  elephant,  and  mouse.] 
[Blood- Vessels  of  the  Liver. — The  liver  is  supplied  with  blood  by 

(i)  The  portal  vein.  (2)  The  hepatic  artery. 

The  portal  vein  is  formed  by  the  confluence  of  the  splenic,  inferior,  and 
superior  mesenteric  veins, where- 
by the  short,  wide  vena  portx 
is  formed    (fig.    224,    i).     It 
enters  the  liver  at  the  tiaosv-erse 
fissure,    accompanied    by    the 
bile-duct    and  hepatic  arter^', 
and  is  distributed  between  the 
liver  lobules.     The  portal  vein 
I    returns    the    blood    from    the 
I  stomach,   pancreas,   intestines, 
*,  and  spleen ;    hence  it  carries 
]  some  of  the  products  of  digcs- 
j  tion  directly  to  the  liver,  where 
'  some  of   them   are  materially 
changed  by   the  hepatic  cells 
as    they    pass    slowly  through 
^^^  the  hepatic  blood-vesseb.    The 

Fig.  215.  hepatic  artery  supplies  a  small 

Blood-vessels  of  a  rabbit's  liver  injected ;  portal  vein,    quantity  of  arterial  blood  to  the 
blue;  hepatic  vein,  red  (.SAWinf).  liver.     The  blood,  after circtila- 
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ting  through  the  liver,  is  returoed  by  the  hepatic  veins  to  the  inferior  vena 
cava.] 

The  liver  consists  of  innumerable  small  lobules  or  acini,  i  to  2  millimetres 
Id  diameter.  These  lobules  are  visible  to  the  naked  eye.  All  the  lobules  have 
the  same  structure. 

I.  The  Capsule. — The  liver  is  covered  by  a  thin,  fibrous,  firmly  adherent 
capsule,  which  has  on  its  free  surface  a  layer  of'  endothelium  derived  from  the 

peritoneum.       The  capsule       SublobuUr  Vtln.  Imialobulir  vein. 

sends  fine  septa  into   (he 

organ  between  the  lobules, 

bu[  it  is  also    continued 

into  the   interior    at    the 

transverse  fissure,  where  it 

surrounds  the  portal  vein, 

hepatic  artery,   and  bile- 
duct,    and     accompanies 

these    structures     as     the 

capsule  of  Glisson,  or  biib- 

inierlobuiarconnective  tis-  ^"^ 

sue.     The  spaces  in  which 

th«e  three    structures   tie 

are     known      as     portal 

canals.     In  some  animals 

(pig,   camel,    polar   bear)  i^Skr 

the  lobules  are  separated  v*""- 

from  each   other    by  the 

somewhat  lamellated  con-  Fig-  z*6. 

nective  tissue  of  Glisson's  Section  of  human  liv«r,  x  ao,  showing  Ihe  liver-Iobula  and 
capsule  but  in  man  this  is  'he  radiate  arrangemenl  of  their  celli  from  the  ceatral  or 
but  slightly  developed,  so       i''«™W"'l"-  "O"- 

that  adjoining  lobules  are  more  or  less  fused.  Very  delicate  connective  tissue, 
but  small  in  amount,  is  also  found  within  the  lobules.  Leucocytes  are  some- 
times found  in  the  tissue  of  Glisson's  capsule. 

2.  Blood- Vessels — (a)  Branches  of  the  Venous  System. — The  portal 
vein,  after  its  entrance  into  the  liver  at  the  portal  fissure,  gives  off  numerous 
branches  lying  between  the  lobules,  and  ultimately  forming  small  trunks 
which  reach  the  periphery  of  the  lobules,  where  they  form  a  rich  plexus.  The 
branches  of  the  portal  vein  lying  between  the  lobules  are  called  interlobular 
veins  (figs.  335,  236,  327,  K  i.),  which  are  always  provided  with  thick  mus- 
cular walls.  From  these  veins  numerous  capillaries  (f,  c)  are  given  off  to  the 
entire  periphery  of  the  lobule.  The  capillaries  converge  towards  the  centre  of 
the  lobule.  As  they  proceed  inwards,  they  form  elongated  meshes,  and  between 
the  capillaries  lie  rows  or  columns  of  liver-cells  {if,  if).  The  capillaries  are 
relatively  wide,  and  are  so  disposed  as  to  lie  between  the  eifg^s  of  the  columns 
of  cells,  and  never  between  the  surfaces  of  two  neighboring  cells.  The  capil- 
laries converge  towards  the  centre  of  each  lobule,  where  they  join  to  form  one 
large  vein,  the  intralobular,  hepatic,  or  central  vein  ( y.  c),  which  tra- 
verses each  lobule,  reaches  its  surface  at  one  point,  passes  out,  and  joins  similar 
veins  from  other  lobules  to  form  the sublobular  veins  (fig.  337,  V.  s).  The 
blanches  of  the  hepatic  veins  have  very  thin  walls.  These  in  turn  unite  to 
form  wide  veins,  the  origins  of  the  hepatic  vein,  which  opens  into  the  vena 
cava  inferior. 

(^)  The  branches  of  the  hepatic  artery  accompany  the  branches  of  the 
portal  vein  and  bile-duct  in  the  portal  canals  between  the  lobules,  and  in  their 
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course  give  off  capillaries  to  supply  the  walls  of  the  portal  vein  and  lai^  trik- 
ducts.  The  branches  of  the  hepatic  artery  anastomose  frequently  where  ihei' 
lie  between  the  tobules.  On  reaching  the  periphery  of  the  lobules,  a  certain 
number  of  capillaries  are  given  off,  which  penetrate  the  lobule,  and  temiimte 
in  the  capillaries  of  the  portal  vein  (1,  ('),  These  capillaries,  however,  wiiich 
supply  the  walls  of  the  portal  vein  and  large  bile-ducts  (r,  r),  terminate  in 
veins  which  end  in  the  portal  vein  (  V.  v).  Several  branches — ea/suiar—^ 
to  the  surface  of  the  liver,  where  they  form  a  wide-meshed  plexus  under  the 
peritoneum.  The  blood  is  returned  by  veins,  which  open  into  branches  of  tht 
portal  vein. 


I 

Fig-  127- 
1,  Scheme  of  a  livet'lobule —  V.  i,  V.  i,  interlobular  vdn  (portal) ;   V.  e,  centril  or  intralrfmlu 
vdn  (hq»lic)  1  i,  c,  capillaiies  beliveeD  both ;    V.  t,  sublobular  vein ;  V.v,   vena  viscutaris; 
A,  A,  hepatic  artery,  giving  branches,  r,  r,  to  Glisson's  capsule  and  the  larger  vessels,  and 
ultimately  forming  the  vence  vuculares  at  i,  1,  opening  into  the  inlialobular  cafulUric  -.  .'. 
bile-dacU ;  x,  x,  intralobular  biliary  channels  between  the  liver-cdU ;  d,  d,  positian  of  tbc 
liver-cells  between  the  meshes  of  the  blood -capillaries.     II.  Isolated  liveT-celU — c,  a  blood- 
capillary;  ii,  fine  bile-capillary  channel. 
[Hepatic  Zones. — Pathologists  draw  a  sharp  distinction  between  diffmnt  lones  within  i 
hepatic  lobule.     Thus  the  central  area,  capillaries,  and  cells  from  the  hepatic  vein  looe,  wbicfa 
is  especially  liable  to  cyanotic  changes;  the  area  next  the  periphery  of  the  lobule  is  the  portal 
vein  zone,  whose  cells,  under  certain  circumstances,  are  particutajly  apt  to  urkdergo   fatry 
degeneration;  while  there  is  an  area  lying  midway  between  the  two  foregmng — the  h«p«tic 
artery  zone — which  is  specially  liable  to  amyloid  or  waxy  degeacntion.] 

3.  The  liver  cells  (fig.  227,  II,  a)  are  irregular  polygonal  cells  of  about 
Y^  of  an  inch  (34  to  45  /i)  in  diameter  (fig,  229).  The  arrangement  of  the 
capillaries  within  a  lobule  determines  the  arrangement  of  the  liver-celts.  The 
liver-cells  form  anastomosing  columns  which   radiate  from  the  centre  to    the 
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periphery  of  each  lobule  (figs.  228,  230),  [The  liver-cells  are  usually  stated  to 
be  devoid  of  an  envelope,  although  Haycrafl  states  that  they  possess  one.  They 
usually  contain  a  single  nucleus,  with  one  or  more  nucleoli,  but  sometimes  two 
nuclei  occur.  The  protoplasm  and  nucleus  of  each  cell  contain  a  plexus  of 
fibrils  just  like  other  epithelial  cells.  In  some  animals,  globules  of  oil  and  pig- 
ment-granules are  found  in  the  cell- protoplasm  (fig.  229).  Each  cell  is  in 
relation  with  the  wide -meshed  blood-capillaries  (fig.  227,  rf,  (^),  and  also  with 
the  much  narrower  meshwork  of  bile-ducts  (I,  .r).] 

Changes  in  Liver- Cells. — The  appearance  of  the  cells  varies  with  the 
period  of  digestion.     During  hunger,  the  liver-cells  are  finely  granular  and 
very  cloudy  (fig.  330),  [and  contain   httle  glycogen,  but  many  pigment-gran- 
ules, and  the  nucleus  is  more  frequently  absent.     Often  free  nucleoli  and  pale 
nuclei  are  found  {ElUnberger  and Baum).     During  activity,  /.  a,  after  a  full 
meal,  especially  of  starchy  food,  the  cells  are  larger  and  more  distinct,  stain 
more  deeply  with  eosin,  and  contain  fewer  granules.]    The  protoplasm  con- 
tains coarse,  glancing  hyaline  masses  of  glycogen  (fig.  133,  a),  and  near  the 
sur&ce  of  the  cell  it  is 
condensed,    and  a  fine 
network    stretches    to- 
ward the  centre  of  the 
cell,  and  in  it  issuspen- 
ded  the  nucleus.     All 
the  hepatic  cells  are  not 
in  the  same    phase  of 
activity    at    the     same 
time.    [Afanassjew  finds 
that  if  the  formation  of 
bile  in  the  liver  be  in-  . 
creased  {e.  g.,  by  sec- 
tion   of    the    hepatic 
nerves,  or  feeding  with 
proieids),  the  cells  are 
moderately  enlarged  in 
size,    and    contain    nu- 
merous granules,  which 
are  proteid  in  their  na- 
ture;   such  cells  resist 

the  action  of  caustic  pot-  ^K-  "8- 

ash  When  there  is  a  *  '""  lobule  lUined  with  picro-carmiiie  (SHrling).  BD., 
great  formation  of  gly-  bile-duct;   PV.md  HV..por«l  .ndhep«ic   veins;  HA., 

cogen  (as  after  feeding  "'?«'« '"ery. 


Hamui  liver-celli  coDtainine  oil-globulei,  t 
d,  hu  two  nuclei. 


:i-ce1U  after  withholding  Tood  for 
36  hours. 


with  potatoes  and  sugar),  all  the  cells  are  very  large  and  sharply  defined,  and 
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contain  many  granules  of  glycogen,  the  cells  being  so  large  as  to  compress  tbe 
capillaries.] 

[A.  Id  frogB  the  appearaDCe  of  the  !iver-ccl1>  vsries  with  the  acason  of  the  year.  Donng 
the  period  from  December  to  Maj — best  nndied  in  April — the  cells  are  imall,  the  nuclei  Ibi)^; 
aod  Ibc  cells  conlaiD  very  little  or  no  glycogen.  In  tbe  perind  from  June  to  Norember — bca 
slndied  in  November — the  cells  are  large,  and  contain  many  granolea  wbicli  are  Kaincd  by  eosi 
and  nigrosin.     They  contain  much  glycogen  (most  in  December),  and  theii  nuclei  aic  smalL] 

[The  cells  of  a  winter  frog's  liver  contain  in  their  protoplasm  (l)  hyaline  grannies  ofglycogen, 
usually  airanged  towards  the  outer  part  of  the  cell  near  the  blood-vessel ;  (2)  scattered  ihra^ 
out  the  protoplasm  of  the  cell  there  maybe  fine  grannlea  of  fat  or  oil;  and,  (3)  kubII  gruults 
of  a  proteid  nature,  at  the  inner  part  of  tbe  cell  next  the  hile  catulUry.  The  last-named  gran- 
ules diminish  during  digestion,  and  new  ones  appear  to  be  formed  in  the  intervals  of  <Ugestioa,» 
that  there  is  an  onilogy  between  the  liver-cells  in  this  respect  and  other  glands,  e.  g.,  pancreas. 
All  these  substances  may  be  recogniied  either  directly  or  by  reagents;  the  glycogen  gives  a  pent 
wine  color  with  iodine,  and  the  fat  is  blackened  by  oamlc  acid,  while  the  proteid  granules  are 
not  affected  by  osmic  acid,  but  disappear  in  caustic  potash.  If  the  glycogen  be  dissolved  oat  \rt 
water  the  outer  part  of  the  cell -protoplasm  appears  vacnolaled.  If  a  fri^  be  fed  od  carbo- 
hydrates the  cells  enlarge,  and  there  is  a  great  accumulation  of  glycogen  in  thecell,  eq>ecialiyat 
its  outer  part,  so  as  to  cotnpress  the  protoplasm.  The  port-wine  reaction  is  veiy  marked.  In  1 
summer  frog,  or  a  starved  one,  the  cells  are  very  small  and  devoid  of  glycogen.  In  one  fed  on 
proteids  there  is  little  or  no  glycogen,  and  the  cells  are  smaller  and  very  grannlar.] 

[B,  Mammala. — Much  the  same  changca  occor;  but  in  one  fed  on  carbo  fay  dram  the 
glyct^en   BCcnmDlates   in   the   protf^lasm   around  the  nucleus,  and  spreads  oat  towards  the 

'  '     "    '  '  "' ' —       "  ■ '  If  Ibe  glycogen  be  dissolved 

out,  wide  vacuoles  bounded 


periphery,  leaving  a  compressed  crust  of  pro(tq>li 
FlMit  blle-capillarjr.    Finest  bOa^capillary 


by  Ihreads  of  piMopbsm 
are  seen  in  the  cdls.  la 
the  starved  mamma]  the 
cells  generally  are  like 
those  of  the  frog  nndci 
.   similar  conditions.] 

[Action  of  Druga  on 

the   L.ivcr-CellB Some 

substances  eidte  the  cdk 
to  activity,  and  cauie  tbem 
to  present  tbe  appcaiznce 
of  cells  in  activity,  e.  £-. 

C'locarpin,  muscarin,  aloes ; 
B  10  salicylate  and  ben- 
zoate  of  soda  and  rhnbaifa. 
while  atropin  aitd  lead 
acetate  inhibit  the  signs  eS 
activity.  These  results  were 
obtained  in  the  horse  bf  £1- 
lenbergcr  and  Banm.  [Sud- 
nikow,  by  using  the  quad- 
ruple slainii^  method  of 
Gaole,  Bnds  that  the  hepatic 
cells  of  the  fri^  andeign  re. 
markable  changes  in  poia- 
oniacbyphoapbOTua.   It 


.iver-cells  of  frogs,    a,  early,  and  i,  late  stage  in  pcnsoning  by  phosphorus;  e,  liver-cdt  tiS 
frog  getting  water  only;  1/,  getting  sugar;  vid  i,pefXoat  {SHrlitig  a/ter  SinMiAmc). 
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is  veil  koowD  that  Ibii  dni^  prodnccs  fiHy  d^eneration  of  the  1i*er-celll,  bul  ■  deeper  study 
shout  itut  the  changes  arc  bolb  histological  and  chemical.  Besides  prodncing  remarkable 
chinas  io  the  protoplasm  of  the  cell,  the  protoplasm  of  the  nucleos,  in  the  hinn  of  small 
misses  ailed  plastnosoma,  passes  cwl  into  the  cell-body,  perhaps  to  renew  the  latter.  The  cells 
■re  JDcreased  m  lize,  both  after  poisoning  with  pbosphorus  and  after  excision  of  the  fat  bodies 
in  the  frog  (fig.  232).  The  fat  present  in  the  liver  ia  phosphorus-ptMSODJDg  is  not  present  as 
droplets  of  oil,  but  probably  in  a  loose  combination,  t.  g.,  lecithin,  and  as  a  matter  of  fact  the 
amount  of  liier-lecilhin  is  extraordiiiarilf  increased.  There  is  alio  an  increase  of  the  nuclejn ; 
while  glycogen  is  absent  (>4.  Ltenard).  Antipyrin  also  produces  profound  changes,  especially 
in  the  nuclei.] 

4,  The  Bile-Ducts. — The  finest  bile -capillaries,  channels,  or  canaliculi 
arise  at  the  centre  of  the  lobule,  and  indeed  throughout  the  whole  lobule  they 
form  a  regular  anastomosing  network  of  very  fine  tubes  or  channels.  Each 
cell  is  surrounded  by  a  polygonal — usually  hexagonal — mesh  (figs.  233,  3,  234). 
The  bile- capillaries  always  lie  in  the  middle  of  the 
surface  between  two  adjoining  cells  (fig.  237  II,  a), 
where  they  form  actual  intercellular  passages, 
(fig.  231).  [According  to  some  observers,  they  are 
tserely  excessively  narrow  channeb  (1  to  2  /t  wide)  in 

the  cement  substance  between  the  cells,  while  accord-         '  *  3 

ing  to  others  they  have  a  distinct  delicate  wall.    The  ^8-  *33- 

bile-capillary  network  is  much  closer  than  the  blood-    *-  Ltver.cell,  dnring  fasting; 

capillary  network.     Thus,  there  are  three  networks       '.  cootatnmg  masses  of  gfy- 

•l^L  ■  •    1   L   1  cogen ;  i,  a  liver-eell  sur- 

Wlthm  each  lobule—  rounded  *ithbilechannels, 

(I)  A  network  of  bteod -capillaries;  ^"'^  '!'^^''\  '^''' '"'^  P'"" 

\z)  ••  liver-cells;  ceed  into  the  cell-substance 

(3J  •*  bile-capiUaries;  (fig.  »3i.)] 


ceed  into  the  cell-substance 
to  end  in  vacuole*. 


[The  intrali^>ntar  Ule-caplUaries  in  man  lie  between  two  cells,  bul  in  the  frog  the  channels 
lie  at  tbe  jUDCtion  of  sevenl  hepatic  celts,  a  fact  best  seen  where  the  bile- capillary  is  cot 
irais<ersely.j 


Tig.  234. 

Bl'jod-iesseU  of  rabbit's  liver  injected  with  carmine  (red).     The  bile-ducts  and  intralobular 

bile-ca)n11aries  are  blue,  being  filled  with  a  natural  injection  of  sulph-indigotale  of  soda. 

Excessively  minute  intracellular  passages  are  said  to  pass  from  the  bile- 
capillaries  into  the  interior  of  the  liver-cells,  where  they  communicate  with 


324  THE    LYMPHATICS   AND    NERVES   OF   THE    LIVER.         [ScC.  I73. 

certain  small  cavities  or  vacuoles  {Asp,  Kupffer)  (fig.  233,  3),  As  the  blood- 
capillaries  run  along  the  edge  of  the  liver-cells,  and  the  bile-capillaries  between 
the  opposed  surfaces  of  adjacent  cells,  the  two  systems  of  canals  within  the 
lobule  are  kept  separate.  Some-bile  capillaries  run  along  the  edges  of  the 
liver-cells  in  the  human  liver,  especially  during  embryonic  life.  Towards  the 
peripheral  part  of  the  lobule,  the  bile-capiliaries  are  larger,  while  adjoining 
channels  anastomose,  and  leave  the  lobule,  where  they  become  interlobular 
ducts  (fig.  217  g],  which  join  with  other  similar  ducts  to  form  larger  inter- 
lobular bile-ducls.  These  accompany  the  hepatic  artery  and  portal  vein,  and 
leave  the  liver  at  the  transverse  fissure.  The_/f«rfr  interlobular  ducts,  unlike 
duels  generally,  frequently  anastomose  in  Glisson's  capsule,  possess  a  structure- 
less basement  membrane,  and  are  lined  by  a  single  layer  of  low  polyhedral 
epithelial  cells.  The  larger  interlobular  ducts 
have  adistinct  wall,  consisting  of  connective  and 
„.    .  elastic    tissue,    mixed    with    circularly -disposed 

fibi«.  smooth  muscular  fibres  (fig,  235).     Capillaries  are 

supplied  to  the  wall,  which  is  lined  by  a  single 
layer  of  columnar  epithelium.     A  sub-mucoa 
Cyiindrbsi  occurs  only  in  the  largest  bile-ducts  and  in  the 

€piih(iiuD.  gall-bladder.     Smooth  muscular  fibres,  arranged 

in  single  bundles,  occur  in  the  largest  ducts,  and 
as  longitudinal  and  circular  layers  in    the  gall- 
bladder, whose  mucous  membrane  is  provided 
Fig.  235.  with  numerous  folds  and  depressions.      The  rou- 

InterlobulM  bile-dnct  (human).      cous  membrane  of  the  gall-bladder  is  pitted  and 
the  mucous  membrane  lining  it.     The  epithelium 
lining  it  is  cylindrical,  with  a  distinct  clear  disc,  and  between  these   cells  are 
goblet-cells.     Small  branched  tubular  mucous  glands  occur  io  the  larger 
bile-ducts  and  in  the  gall-bladder.  I 

Vas*  aberrantia  are  isolated  bile-ducts  nhich  occur  od  the  surface  of  Ibe  liver,  bat  have  i» 
relalion  to  any  system  of  liver-lobules.     Tbey  occur  at  the  shar]]  iiuu|^  of  the  liver,  in  the     I 
region  of  the  inferior  vena  cava,  of  the  gall-bladder,  and  of  the  parts  near  the  ponal  fimre.     1 
It  seems  (hat  tbe  liver-lobules  to  whicb  the^  originally  belonged  have  atrophied  and  disappeami 
(_Zuikir)tandi and  Toldl). 

5.  The  lymphatics  begin  as  peri-capillary  tubes  around  the  capillaries 
within  the  lobules,  emerge  from  the  lobule,  and  run  within  the  wall  of  the 
branches  of  the  hepatic  and  portal  veins,  and  afterwards  surround  the  venous 
trunks,  thus  forming  the  interlobular  lymphatics.  These  unite  to  form  larger 
trunks,  which  leave  the  liver  partly  at  the  portal  fissure,  partly  along  with  the 
hepatic  veins,  and  partly  at  different  points  on  the  surface  of  the  organ.  There 
is  a  narrow  superficial  meshwork  of  lytnphatics  under  the  peritoneum — suh- 
peritoneal—vih\ch  communicate  with  the  thoracic  lymphatics  through  the  tri- 
angular ligament  and  suspensorium,  while  on  the  under  surface  they  connnuni- 
cate  with  the  lymphatics  of  the  interlobular  connective  tissue. 

6.  The  nervea  consist  partly  of  medullated  but  chiefly  of  non-medu Hated 
fibres  from  branches  of  the  sympathetic,  the  terminal  branches  of  the  right 
vagus,  and  some  branches  of  the  left  vagus  to  the  hepatic  plexus,  the  hepatic 
plexus  being  that  part  of  the  solar  plexus  which  embraces  the  portal  vein,  bile- 
duct,  and  hepatic  artery,  as  these  pass  into  the  liver  at  the  portal  fissure,  They 
accompany  the  branches  of  the  hepatic  artery,  and  ganglia  occur  on  their 
branches  within  the  liver.  Some  of  the  nerve-fibres  are  vaso-motor  in  function. 
and,  according  to  Pfluger,  other  nerve-fibres  terminate  directly  in  connection 
with  liver-cells.  [MacCallum  describes  an  interlobular  plexus  of  non- 
medullated  fibres  in   man  and  Menobranchus,  from  which  a  perivascular  and 
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intercellular  plexus  proceeds.     From  the  latter,  fibrils  pass  to  terminate  within 
the  cells  near  the  nucleus.] 

Pathological. — The  connective  tissue  between  the  lobules  may  undergo  great  increase  in 
amoant,  especially  in  alcohol  and  gin  drinkers,  and  thus  the  substance  of  the  lobules  may 
be  greatly  compressed,  owing  to  the  cicatricial  contraction  of  the  newly-formed  connective 
tissue  (cirrhosis  of  the  liver).  In  such  interlobular  connective-tissue,  newly-formed  bile-ducts 
are  found. 

Ligature  of  the  ductus  choledochus  [causes  enlargement  of  the  spleen  (rabbit),  and  a 
dimination  in  the  number  of  the  blood-corpuscles],  and,  after  a  time,  interstitial  inflammation  of 
the  liver.  In  rabbits  and  guinea-pigs  the  liver  parenchyma  disappears,  and  its  place  b  taken  by 
newly-jbrmed  connective  tissue  and  bile-ducts  (Charcot  and  GombauU).  In  all  these  cases  of 
ioteistitial  inflammation,  there  is  proliferation  of  the  epithelium  of  the  bile-ducts. 

[Regeneration  of  the  Liver. — Tizzoni  finds  that  there  may  be  partial  regeneration  and  new 
formation  of  liver-lobules  in  the  dog,  the  process  being  the  same  as  that  which  occurs  in  the 
embryonic  development  of  the  oi^an,  i>.,  the  growth  of  solid  cylinders  of  liver-cells,  formed  by 
the  pre-existing  liver-cells,  which  penetrate  into  the  connective  tissue  uniting  the  edges  of  the 
wound.  These  cells  ultimately  differentiate  into  hepatic  cells  and  bile-ducts.  Other  observers 
attnbute  the  new  formation  to  outgrowths  of  the  epithelial  cells  of  the  bile-cells.] 

J  Excision  of  Part  of  Liver. — Nearly  three-fourths  of  a  rabbit's  liver  may  be  excised,  and 
the  animal  may  live  in  apparent  health  for  months  or  even  a  year.  This  is  due  to  the  enor- 
mous r^eneration  of  liver-tissue  which  takes  place.  Nearly  the  whole  bulk  of  the  organ  removed 
miy  be  reproduced,  even  if  three-quarters  of  the  liver  be  removed  {^PonJick).'\ 

174.  CHEMICAL  COMPOSITION  OF  THE  LIVER-CELLS.— 
(i)  Proteids. — The  fresh,  soft,  parenchyma  of  the  liver  is  alkaline  in  reaction ; 
after  death,  coagulation  occurs,  the  cell-contents  appear  turbid,  the  tissue  be- 
comes friable,  and  gradually  an  acid  reaction  is  developed.  This  process  closely 
resembles  what  occurs  in  muscle,  and  is  due  to  the  coagulation  of  a  myosin-like 
body,  which  is  soluble  during  life,  but  after  death  undergoes  spontaneous 
coagulation  {Plosz).  The  liver  contains  other  proteids ;  globulins  coagulating 
at  45*^,  56^,  and  at  70®  C,  and  mere  traces  of  a  cell-albumin  coagulating  at 
70 ^"73^  C.  Nucleo-albumins  appear  to  be  absent  (^Halliburton).  The  nuclei 
contain  nuclein.     The  connective-tissue  yields  gelatin. 

(2)  Glycogen  or  Animal  Starch. — 1.2  to  2.6  per  cent. — is  a  true  carbo- 
hydrate most  closely  related  to  inulin,  apparently  soluble  in  cold  water,  but 
perhaps  only  swelling  up  in  water  yielding  an  opalescent  solution,  which 
diffuses  with  difficulty.  It  has  the  formula  6(C6Hio05)  +  H^O  [and  may  be 
regarded  as  a  colloid-carbohydrate.]  It  is  stored  up  in  the  liver-cells  in 
amorphous  granules  around  the  nuclei  (fig.  233,  2),  and  is  uniformly  distributed 
in  all  parts  of  the  liver.  Like  inulin,  it  gives  a  deep  red  or  port- wine  color 
with  solution  of  iodine  in  iodide  of  potassium.  It  is  changed  into  dextrin  and 
^ar  by  diastatic  ferments,  and  when  boiled  with  dilute  mineral  acids  it  yields 
grape  sugar  (§  148,  I;  §  170,  I;  §  252,  III).  [It  appears  to  play  the  same 
part  in  animal  metabolism  that  starch  does  in  the  metabolism  of  plants.  It 
represents  a  store  of  the  excess  of  carbohydrates  stored  up  in  the  organism  for 
foture  use.] 

Preparation  of  Glycogen. — [Feed  a  rabbit  on  carrots  or  boiled  rice,  and  kill  it  three  or  four 
hours  thereafter.  Remove  the  liver  immediately  after  death,  cut  it  into  fine  pieces,  and  place 
these  in  Inn/in^  water,  and  boil  it  for  some  time  in  order  to  obtain  a  watery  extract  of  the  liver. 
The  boiling  water  deploys  the  ferment  supposed  to  be  present  in  the  liver,  which  would  trans- 
form the  glycogen  into  grape-sugar.  To  the  cold  filtrate  are  added  alternately  dilute  hydro- 
chloric acid  and  potassic-mercuric  iodide,  which  precipitate  the  proteids.  Filter,  when  a  clear 
opalescent  fluid,  containing  the  glycogen  in  solution,  is  obtained.  The  glycogen  is  precipitated 
from  the  filtrate,  as  a  white  amorphous  powder,  on  adding  an  excess  of  70  to  80  per  cent,  alcohol. 
The  precipitate  is  washed  with  60  per  cent,  and  afterwards  with  95  per  cent,  alcohol,  then  with 
ether,  and  lastly,  with  absolute  alcohol ;  it  is  dried  over  sulphuric  acid  and  weighed  (Briicke). 
Kdiz  modifies  the  method  somewhat.  After  boiling  the  liver  for  half  an  hour,  it  is  rubbed  up 
with  liquor  |>otassae  (100  grm.  liver,  4  grm.  KHO).  Evaporate  on  a  water-bath  until  all  is  dis- 
solved, which  occurs  in  about  3  hours.  After  cooling,  neutralize  with  HCl  and  precipitate  the 
proteids  as  above.    The  glycogen  is  precipitated  with  96  per  cent,  alcohol,  t.  e.j  until  the  solution 
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contains  60  per  cent,  of  alcohol.  F.  Eves  asserts  that  the  post-mortem  conversion  of  sugar  m 
the  liver  is  not  attributable  to  a  ferment  action,  and  the  rapid  appearance  of  sugar  in  the  liver 
after  death  is  due  to  the  specific  metabolic  activity  of  the  dying  cells  (p.  327).] 

Sources. — These  have  been  variously  stated  by  different  observers  to  be  the 
carbohydrates  of  the  food  {Favy) ;  glycerin,  taurin,  and  glycin  (the  latter  split- 
ting into  glycogen  and  urea),  the  proteids  (C7.  Bernard)]  and  gelatin  {Salo- 
mon), If  glycogen  is  derived  from  the  albumins,  it  must  be  formed  from  a 
non-nitrogenous  derivative  thereof. 

Rohmann  found  that  the  use  of  ammonia  carbonate  and  aspMiragin  or  glycin,  along  with  a 
carbohydrate  diet,  in  rabbits  considerably  increased  the  formation  of  glycogen.  The  acid  formed 
in  excessive  amount,  observed  by  Stadelmann  in  diabetes,  unites  with  the  ammcmia  and  dimin- 
ishes considerably  the  formation  of  glycogen. 

Effects  of  Food. — Rabbits,  whose  livers  have  been  rendered  free  from 
glycogen  by  starvation,  yield  new  glycogen  from  their  livers  when  they  are  fed 
with  cane-sugar,  grape-sugar,  maltose,  or  starch.  Active  muscular  movements 
soon  make  the  liver  of  dogs  free  from  glycogen ;  exposure  to  cold  diminishes 
its  amount.  Dextrin  and  grape-sugar  occur  in  the  dead  liver,  but,  in  addition, 
some  glycogen  is  found  for  a  considerable  time  after  death  in  the  liver  and  in 
the  muscles. 

[Pfltiger  regards  the  formation  of  glycogen  from  proteids  as  a  synthetic  process.  The  molecoUr 
group  (CH,),  present  both  in  albumin  and  the  fatty  acids,  must  be  changed  into  CH.OH  by 
oxidation.  The  cells  which  cause  this  formation  can  also  make  use  of  these  groups  CH.OH, 
where  they  find  them  already  present,  as  in  sugar  and  glycerin.  In  this  way  the  fonpation  of 
glycogen  from  molecules  derived  from  various  sources  b  analogous  to  the  formation  of  fat  from 
carbohydrates  or  from  proteids  (J  241).] 

If  glycogen  is  injected  into  the  blood,  achroodextrin  appears  in  the  urine,  and  also  hemo- 
globin, as  glycogen  dissolves  red  blood-corpuscles.  Ligature  of  the  bile-dua  causes  decrease  of 
Uie  glycogen  in  the  liver. 

Other  Situations. — Glycogen  is  not  confined  to  the  liver-cells;  it  occurs  during  fcetal  life  in 
all  the  tissues  of  the  body  of  the  embryo  [including  the  embr)'onic  skeleton],  in  young  animals 
iKUhne),  the  placenta  [in  the  epithelial  cells  between  the  foetal  and  maternal  tissues]  {Bernard . 
[It  occurs  in  large  amount  in  the  liver  during  intra-uterine  life.1  In  the  adult  it  occurs  in  the 
testicle,  in  the  muscles  [MacDonnely  O.  Nasse)^  in  numerous  pathological  products,  in  inHamed 
lungs  {Kuhne)^  and  also  in  the  corresponding  tissues  of  the  lower  animals.  [It  also  occurs  ic 
the  chorionic  villi,  in  colorless  blood-corpuscles,  in  fresh  pus  cells  which  still  exhibit  amoeboid 
movements,  and  in  fact  in  all  developing  animal  cells,  with  amoeboid  movement ;  the  outer  root- 
sheath  of  a  hair-follicle  (Neisser);  it  is  a  never-failing  constituent  in  cartilage,  and  in  the 
muscles  and  liver  of  invertebrata,  such  as  the  oyster.  There  is  none  in  the  froh  brain  of  the 
dog  or  rabbit,  but  it  is  found  in  the  brain  in  diabetic  coma  (Abeles)."] 

Modifying  Conditions. — If  to  a  diet  of  proteids  there  be  added  large 
quantities  of  starch,  milk-,  fruit-,  or  cane-sugar,  or  glycerin,  the  amount  of  gly.- 
cogen  in  the  liver  is  very  greatly  increased  (to  12  per  cent,  in  the  fowl),  with  a 
purely  albuminous  diet  there  is  less  glycogen,  while  a  purely  fatty  diet  dimin- 
ishes it  enormously.  During  hunger  it  may  disappear  entirely.  The  injection 
of  sugar  or  glycerin  into  a  mesenteric  vein  of  a  starving  rabbit  causes  the  liver, 
previously  free  from  glycogen,  to  contain  glycogen  (^Naunyn).  [It  rapidly 
disappears  from  the  liver  of  a  rabbit  by  the  action  of  cold,  e.g.,  cold  baths 
and  cold  air.  It  would  seem,  therefore,  to  be  a  source  of  heat.  Glycerin 
increases  it,  and  also  prevents  the  post-mortem  change  of  glycogen  into  grape- 
sugar.] 

[Effect  of  Drugs  on  Glycogen. — Arsenic,  phosphorus,  and  antimony  destroy  the  glycograic 
function  of  the  liver,  no  glycogen  being  present  in  the  liver  in  animals  poisoned  with  these 
drugs,  so  that  puncture  of  the  floor  of  the  fourth  ventricle  no  longer  causes  glycosuria  in  tben. 
In  animals  poisoned  by  strychnia  or  curare,  it  is  g^reatly  diminished,  both  in  the  liver  and  m 
the  muscles.     Sugar  is  always  present  in  the  urine  in  the  latter  case  but  not  in  the  former.] 

During  life,  in  the  intervals  of  digestion  under  normal  conditions,  the 
glycogen  is  slowly  and  gradually  transformed  into  grape-sugar,  and  the  latter 


Sec.  174.]  GLYCOGENIC   FUNCTION   OF  THE   LIVER.  32/ 

passes  into  the  hepatic  vein.  The  normal  amount  of  sugar  in  blood  is  0.5  to  i 
per  1000,  although  the  blood  of  the  hepatic  vein  contains  somewhat  more  [.2-.  28 
per  cent. ].  A  considerable  amount  is  transformed  into  sugar  only  when  there  is  a 
decided  derangement  of  the  hepatic  circulation,  and  in  these  circumstances  the 
blood  of  the  hepatic  vein  contains  more  sugar.  The  glycogen  undergoes  this 
change  very  rapidly  after  death,  so  that  a  liver  which  has  been  dead  for  some 
timealwajTS  contains,  more  sugar  and  less  glycogen,  the  grape-sugar  formed 
corresponding  to  the  glycogen  which  disappears. 

[Glycogcny  or  Glycogenic  Function  of  the  Liver. — The  formation  of 
glycogen  in  the  liver  is  intimately  related  to  the  general  metabolic  phe- 
nomena in  the  body.  In  1848  Bernard  found  that  a  considerable  quantity  of 
a  reducing  sugar  was  obtainable  from  the  liver  after  death.  In  1857,  however, 
he  found  that  if  a  liver  be  taken  out  of  the  body  of  a  well-fed  animal  immedi- 
ately after  death  and  analyzed,  it  did  not  contain  sugar,  but  from  it  he  obtained 
the  body  glycogen,  the  explanation  of  his  first  observation  being  that  the 
glycogen  normally  existing  in  the  cells  of  the  living  liver  was  rapidly  converted 
into  sugar  after  death.  Pavy  also  showed  that  if  the  liver  be  examined  as 
quickly  as  possible  after  death  it  contained  only  glycogen,  with  occasionally 
traces  of  sugar. 

An  extract  of  a  liver  rapidly  removed  from  a  *'  well-fed  "  animal  after  death 
always  presents  an  opalescent  appearance,  due  to  glycogen,  and  it  gives  all  the 
reactions  of  glycogen.  If,  however,  an  extract  be  made  of  a  liver  that  has  been 
removed  several  hours  previously,  and  especially  if  the  liver  has  been  kept  in  a 
warm  place,  a  decoction  of  such  a  liver  is  always  clear  and  contains  no  glycogen, 
but  much  sugar.  The  glycogen  has  after  death,  by  some  action  or  other,  been 
converted  into  sugar;  the  agency,  whatever  it  is,  is  destroyed  by  the  tempera- 
ture of  boiling  water.  It  was  suggested  that  the  conversion  was  due  to  the  action 
of  a  diastatic  ferment,  but  this  is  highly  doubtful.  Diastatic  ferments,  e,g,, 
ptyalin,  when  they  act  on  glycogen,  convert  it  into  maltose.  Now,  the  sugar 
which  is  formed  in  the  Ywqt  post-mortem  is  glucose.  More  probably  it  is  due  to 
the  action  of  the  living  protoplasm  of  the  hepatic  cell,  a  view  confirmed  by 
Dastre  (p.  329).] 

[The  quantity  of  glycogen  in  the  liver  Taries  in  different  species  of  animab,  even  under  the 
same  conditions  of  feeding,  etc.     MacDonnell  gives  the  following : — 

Ratio  of  weight  of  body  Percentage  of 

to  weight  of  lirer.  glycogen. 

I>og, 30»  4.5 

Cat, 19.1  1.5 

Rabbit, 35.1  3.7 

Guinea-pig. 21. i  1.4 

Rat, 26.1  2.5 

Rgeon, 44.1  2.5] 

[That  the  amount  of  glycogen  present  in  the  liver  is  very  variable,  and  is 
especially  dependent  on  the  nature  and  amount  of  the  food,  has  already 
been  stated.  Prolonged  fasting  causes  it  to  disappear  from  the  liver  entirely 
in  dogs  in  fifteen  or  sixteen  days,  and  in  rabbits  in  five  days.  Feeding  with 
carbohydrates  causes  the  greatest  accumulation  of  glycogen  in  the  liver,  or 
rather  a  mixed  diet  containing  some  proteids,  but  with  a  large  excess  of  carbo- 
hydrates. If  a  dog  or  fox  be  starved  until  all  glycogen  disappears  from  its 
liver,  and  then  be  fed  on  flesh,  /.  ^.,  proteids,  glycogen  accumulates  in  the 
liver ;  but  not  to  such  an  extent  as  occurs  after  feedmg  with  carbohydrates. 
The  glycogen  in  the  liver  cannot  be  accounted  for  by  the  small  quantities  of 
glycogen  that  are  present  in  the  flesh,  for  small  quantities  of  glycogen  are  formed 
in  the  liver  even  on  a  diet  of  fibrin,  or  gelatin.  It  seems,  therefore,  that  some 
glycogen  may  be  formed  from  proteids,  and  we  know  that  when  proteids  are 


328  GLYCOGENIC   FUNCTION  OF  THE  LIVER.  [Scc.  I74. 

split  up  under  certain  conditions  they  yield  a  nitrogenous  body  and  a  carbon- 
containing  non-nitrogenous  residue ;  the  latter  may  probably  be  the  source  of 
the  glycogen  in  this  case.  Fats  are  in  no  way  concerned  in  the  storing  up  of 
glycogen  in  the  liver.] 

[The  storing  up  of  glycogen  is  also  influenced  hy  the  season  of  the  year  apart  from  the 
taking  of  food.  This  is  the  case  in  the  frog.  There  is  a  considerable  storage  of  glycogen  in  the 
liver  of  the  frog  in  winter,  even  though  no  food  has  been  taken  for.  some  months;  while  in 
summer  the  liver  contains  very  little  (p.  322).  The  storage  and  disappearance  of  glycogen  b 
the  frog's  liver  are  ultimately  dependent  on  temperature.  If  a  winter  frog  be  kept  warm  for 
some  days,  its  hepatic  glycogen  rapidly  disappears.  From  the  above  it  would  seem  that  glycogea 
may  be  formed  mdependently  of  matters  obtained  from  the  alimentary  canal.  The  material 
for  its  formation  must  have  been  furnished  from  some  part  of  the  frog  other  than  the  intestinal 
tract.] 

[It  is  obvious  that  the  liver  in  some  way  or  other  manufactures  glycogen 
either  from  the  carbohydrates  or  proteids,  or  from  both  supplied  to  it.     One 
theory  suggests  that  the  sugar  carried  by  the  portal  vein  to  the  liver  is  dehy- 
drated or  loses  water  and  is  converted  into  glycogen,  which  is  stored  up  in  the 
hepatic   cells.     This  view  receives  a  certain  amoimt  of  confirmation    from 
Bernard's  experiment  of  injecting  grape-sugar  into  the  jugular  vein,  when  the 
sugar  was  excreted  in  the  urine.     If,  however,  the  sugar  was  slowly  injected  into 
a  rectal  vein,  a  tributary  of  the  portal  vein — /.  ^.,  the  sugar  had  to  traverse  the 
liver  before  it  reached  the  general  circulation — none  of  the  sugar  appeared  in 
the  urine ;  at  the  same  time  there  was  an  increase  of  glycogen  in  the  liver.     If 
this  be  the  true  view,  then  the  liver-cells  form  a  great  storehouse  for  the 
carbohydrates  during  digestion,  while  the  liver  regulates  the  amount  of  sugar 
in  the  blood.     It  is  known  that  if  the  sugar  in  the  blood  rises  above  a  certain 
percentage   (more    than    0.3    per    cent.,  normal   amount    0.05-0.15),    it    is 
excreted  by  the  urine.     Considering,  then,  the  rapid  absorption  of  sugar  from 
the  intestine  during  digestion,  it  seems  necessary  that  so  much  sugar  should  not 
be  thrown  continuously  into  the  general  circulation.     The  liver,  on  this  theory, 
catches  and  secures  the  sugar,  and  stores  it  up  as  glycogen.     The  blood  of  the 
portal  vein  during  digestion  contains  more  sugar  than  the  hepatic  vein,  but  the 
hepatic  vein  in  the  intervals  of  digestion  contains  more  sugar — about  twice  as 
much — than  the  portal  vein.     This  has  been  ascertained  for  the  hepatic  vein 
by  catheterization  of  the  hepatic  vein.     A  long  flexible  catheter  is  introduced 
through  the  jugular  vein  into  the  superior  vena  cava,  and  thence  into  the  inferior 
vena  cava  ;  and  it  is  so  arranged  that  the  inferior  cava  can  be  occluded  below 
the  hepatic  vein,  and  from  the  latter  blood  can  be  drawn  off  and  analyzed.] 

[This  increase  of  the  sugar  in  the  hepatic  vein  is  interpreted  to  mean  that  in 
the  intervals  of  digestion  the  liver  slowly  and  steadily  re-converts  the  glycogen 
into  sugar,  and  discharges  the  latter  into  the  hepatic  vein,  in  this  way  supplying 
the  needs  of  the  economy  for  this  substance,  yet  preventing  the  percentage  of 
sugar  in  the  blood  rising  so  high  that  it  would  be  excreted  by  the  urine.] 

[It  has  been  suggested  that  the  glycogen  in  the  liver  is  a  preliminary  phase 
in  the  constructive  metabolism  of  fat.  There  are  no  good  grounds  of  support 
for  this  view.] 

[Muscle-glycogen. — Next  to  the  liver  it  occurs  in  largest  amount  in  the 
muscles,  and  it  disappears  from  some  muscles,  at  least  during  starvation.  Even 
admitting  that  it  is  diminished  during  the  working  of  a  muscle,  a  muscle  re- 
mains contractile  without  glycogen  (§  294).] 

The  diastatic  ferment  in  the  liver  is  small  in  amount,  and  can  be  ob- 
tained from  the  extract  of  the  liver-cells  by  the  same  means  as  are  applicable 
for  obtaining  other  similar  ferments,  such  as  ptyalin  ;  it  does  not  seem  to  be 
formed  within  the  liver-cells,  but  only  passes  very  rapidly  from  the  blood  into 
them.     The  ferment  seems  to  be  rapidly  formed  when  the  blood-stream  under- 


Sec.  174.]  FAT,   FERMENT,   AND   SALTS   OF   THE   LIVER.  329 

goes  considerable  derangement.  A  similar  ferment  is  formed  when  red  blood- 
corpuscles  are  dissolved  {Tiegel^y  and,  as  red  blood-corpuscles  are  continually 
destroyed  within  the  liver,  there  is  one  source  from  which  the  ferment  may  be 
formed,  whereby  minute  quantities  of  sugar  would  be  continually  formed  in  the 
liver. 

[Dastre,  like  Eves,  was  unable  to  find  a  diastatio  ferment  in  the  liver  capable  of  converting 
glycogen  into  grape-sugar,  nevertheless,  he  admits  that  glycogen  is  converted  into  glucose  in  the 
liver.  This,  he  says,  is  due  to  the  activity  of  the  protoplasm  of  the  living  hepatic  cells.  He 
has  found  an  invert  ferment  in  the  liver.] 

According  to  Seegen,  the  blood  of  the  hepatic  vein  contains  twice  as  much  sugar  (0.23 
per  cent)  as  that  in  the  portal  vein  (0.119  per  cent);  observations  on  dogs  showed  that  the 
blood  flowing  through  the  liver  gives  up  over  400  grms.  sugar  in  24  hrs.  Hence,  in  camivora, 
the  greatest  part  of  the  C  of  the  animal  food  must  pass  into  sugar,  so  that  the  formation  of  sugar 
in  the  liver,  and  its  decomposition  in  the  blood,  or  in  the  organs  traversed  by  the  blood,  must  be 
a  very  important  function  of  the  metabolism.  Seegen  is  also  of  opinion  that  the  liver* glycogen 
takes  no  part  in  the  formation  of  sugar  in  the  liver. 

[Blood  when  perfused  through  a  freshly  excised  liver  (or  through  the  kidneys,  lungs,  or  mus- 
cles,) gains  lactic  acid  {Gaglio).  Lactic  acid  seems  to  be  a  normal  constituent  of  the  liver;  at 
least  when  arterial  blood  or  serum  is  perfused  through  the  liver,  the  outflowing  fluid  contains 
lactic  acid  [GaglioW 

(3)  Fats,  in  the  form  of  highly  refractive  granules,  occur  in  the  liver-cells, 
as  well  as  free  in  the  bile-ducts ;  sometimes,  when  the  food  contains  much  fat 
(more  abundant  in  drunkards  and  the  phthisical),  olein,  palmitin,  stearin,  vola- 
tile fatty  acids,  and  sarcolactic  acid  are  found. 

There  are  also  found  traces  of  cholesterin,  minute  quantities  of  urea,  uric  acid,  and  the  little- 
known  body  jecorin,  Cjo^Hj-iNgSPsO^^,  discovered  by  Drechsel,  contains  S  and  P,  and  reduces 
alkaline  solutions  of  copper  like  grape-sugar.  Its  function  is  unknown,  but  its  reducing  action 
must  be  borne  in  mind  in  connection  with  reducing  substances  in  the  liver.  It  is  also  found  in 
the  spleen,  muscles,  and  blood  {Baldi),  The  liver  of  birds  contains  a  relatively  large  amount  of 
uric  acid,  even  6  to  14  times  as  much  as  the  blood  {v,  Schrceder).  Leucin  (?  guanin),  sarkin, 
xanthin,  cystin  and  tyrosin  occur  pathologically  in  certain  diseases  where  mark^  chemical  de- 
compositions occur. 

[Fatty  Degeneration  and  Infiltration. — Fatty  granules  are  of  common  occurrence  within 
the  cells  of  the  liver,  constituting  fatty  infiltration,  and  when  not  too  numerous  do  not  seem  to 
interfere  greatly  with  the  functions  of  the  liver-cells.  Fatty  particles  occur  if  too  much  fatty 
food  be  taken,  and  they  are  commonly  found  in  the  livers  of  stall-fed  animals ;  the  well-known 
pati'dt'foie  gras  is  largely  composed  of  the  livers  of  geese,  which  have  been  fed  on  large 
amounts  of  farinaceous  food,  and  which  have  been  subjected  to  other  unfavorable  hygienic  con- 
ditions. Fatty  granules  are  recognized  by  their  highly  refractive  appearance,  by  their  solubility 
in  ether,  and  by  being  blackened  by  osmic  acid.  Even  in  health  fatty  granules  are  frequently 
present  in  the  hepatic  cells,  especially  those  near  the  portal  vein.  During  lactation  also  the  liver 
contains  much  fat.  In  fishes  the  liver  always  contains  much  oil,  and  there  seems  to  be  some 
relation  between  the  activity  of  the  respiratory  organs  and  the  size  of  the  liver;  at  any  rate  in 
fishes,  where  the  respiration  is  less  active — and  the  same  is  the  case  in  embryos — the  liver  is 
always  large,  while  birds  with  very  active  respiration  have  small  livers.  If  a  dog  be  fed  on  oil 
its  hepatic  cells  readily  become  fatty.} 

(4)  The  inorganic  substances  in  the  human  liver  are — potassium,  so- 
dium, calcium,  magnesium,  iron,  manganese,  chlorine,  and  phosphoric,  sul- 
phuric, carbonic,  and  silicic  acids;  while  copper,  zinc,  lead,  mercury,  and 
arsenic  may  be  accidentally  deposited  in  the  hepatic  tissue. 

[Tizzoni's  Reaction  for  Iron. — If  a  section  of  a  liver  (especially  of  a  young  animal)  hard- 
ened in  alcohol  be  treated  with  a  solution  of  potassic  ferrocyanide,  and  then  with  dilute  hydro- 
chloric acid,  as  a  general  rule  the  preparation  becomes  blue,  even  to  the  naked  eye ;  but  failing 
that,  one  can  ususlly  see  with  the  microscope  granules  of  Prussian  blue  in  the  protoplasm  of  the 
cells,  indicating  the  presence  of  free  iron  oxide.]  [If,  as  is  very  probable,  the  bile  pigments  are 
derived  from  a  derivative  of  haemoglobin,  what  becomes  of  the  iron?  There  are  numerous 
combinations  of  iron  in  the  liver,  some  simple,  e.g.^  oxide  and  phosphate,  and  some  more  stable 
organic  combinations,  ^.  ^.,  combined  with  nuclein,as  an  iron-nuclein  called  hepatin  {\  247,  V.).] 
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175.  DIABETES  MELLITUS  AND  GLYCOSURIA.— [Glyco 

suria  is  characterized  by  the  presence  of  grape-sugar  in  the  urine.  Ac- 
cording to  BrOcke  a  trace  of  sugar  exists  normally  in  urine,  and  when  this 
amount  is  increased  we  have  glycosuria.  When  the  normal  amount  of  grape- 
sugar  in  the  blood  is  increased,  grape-sugar  appears  in  the  urine.  The  blood 
normally  contains  0.05-0.15  per  cent,  of  sugar,  that  of  diabetics  0.22-0.44 
percent.  When  the  percentage  of 'sugar  is  artificially  increased  to  0.3  per 
cent.,  sugar  passes  into  the  urine.  In  diabetes  mellitus,  grape-sugar  also 
appears  in  the  urine,  but  this  is  really  a  serious  disease,  involving  the  alteration 
of  many  tissues,  and  distinguished  by  profound  disturbance  of  the  whole  meta- 
bolic activity,  which  leads  to  numerous  pathological  changes  and  often  to  death. 
The  appearance  of  grape-sugar  in  urine  does  not  necessarily  mean  that  a  person 
is  suffering  from  this  disease.  The  abnormal  increase  of  sugar  in  the  blood  is 
the  cause  of  the  appearance  of  sugar  in  the  urine.  The  increase  of  sugar  in 
the  blood  in  diabetics  seems  to  be  due  to  the  diminution  in  the  amount  of  sugar 
decomposed.] 

Temporary  Glycosuria. — ^The  formation  of  large  quantities  of  grape- 
sugar  by  the  liver,  and  its  passage  into  the  blood,  and  from  the  blood  into  the 
urine,  constitute  glycosuria.     Extirpation  of  the  liver  in  frogs,  or  destruction 
of  the  hepatic  cells,  as  by  fatty  degeneration  from  poisoning  with  phosphorus 
or  arsenic,  does  not  cause  this  condition.     It  occurs  after  the  injury  of  a  cer- 
tain part — the  centre  for  the  hepatic  vaso-motor  nerves,  "diabetic  centre" — of 
the  floor  of  the  lower  part  of  the  fourth  ventricle  at  the  level  of  the  origin  of 
the  vagi  (C/.  Bernard's  "piqdre'').     [The  animal  must  be  well  fed  previously, 
and  the  urine  in  a  few  hours  will  not  only  be  increased  in  quantity,  but  contain 
sugar.     The  amount  of  sugar  reaches  a  maximum  and  then  declines ;  the  urine 
becomes  non-saccharine  in  a  day  or  two,  so  that  the  glycosuria  is  only  tempo- 
rary.    In  a  starved  animal  the  urine  will  contain  little  or  no  grape-sugar.    Gly- 
cosuria also  occurs  after  section  of  the  vagii  so  that  the  vagi  are  not  the  chan- 
nels through  which  the  influences  are  conveyed  to  the  liver  to  excite  glycosuria. 
The  piqCtre  is  effective  even  after  section  of  the  vagi.]     It  also  occurs  after  sec- 
tion of  the  vaso-motor  channels  in  the  spinal  cord,  from  above  down,  as  far  as 
the  exit  of  the  nerves  for  the  liver,  viz.,  to  the  lumbar  region,  and  in  the  frog 
to  the  fourth  vertebra  {Schiff^,     When  the  vaso-motor  nerves,  which  proceed 
from  this  centre  to  the  liver,  are  cut  or  paralyzed  in  any  part  of  their  course, 
mellituria  or  glycosuria  is  produced.    All  the  nerve-channels  do  not  run  through 
the  spinal  cord  alone.    A  number  of  vaso-motor  nerves  leave  the  spinal  cord 
higher  up,  pass  into  the  sympathetic,  and  thus  reach  the  liver ;  so  that  destruc- 
tion of  the  superior  {Pavy),  as  well  as  of  the  inferior  cervical  sympathetic 
ganglion,  and  the  first  thoracic  ganglion  (^Eckhard)^  the  abdominal  ganglia, 
and  often  of  the  splanchnic  itself,  produces  it.     The  paralysis  of  the  blood- 
vessels causes  the  liver  to  contain  much  blood,  and  the  intra-hepatic  blood- 
stream is  slowed.     The  disturbance  of  the  circulation  causes  a  great  accumu- 
lation of  sugar  in  the  liver,  as  the  blood-ferment  has  time  to  act  upon   the 
glycogen  and  transform  it  into  sugar.     By  stimulation  of  the  sympathetic  at  the 
lowest  cervical  and  first  thoracic  ganglion,  the  hepatic  vessels  at  the  periphery 
of  the  liver-lobules  become  contracted  and  pale  (Cyon).     It  is  remarkable  that 
glycosuria  when  present  may  be  set  aside  by  section  of  the  splanchnic  nerv'^s. 
This  is  explained  by  supposing  that  the  enormous  dilatation  and  congestion,  or 
the  hyperaemia  of  the  abdominal  blood-vessels  thereby  produced,  renders  the 
liver  anaemic.     The  vascularity  of  the  liver  produced  by  the  injury  to  ti^ 
fourth  ventricle  may  be  due,  not  to  paralysis  of  vaso-constrictor  nerves,  bat  to 
stimulation  of  vaso-dilator  fibres.     This,  however,  has  not  been  proved. 

[As  to  the  path  of  the  nervous  impulses  from  the  medulla  oblongata  to 
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the  liver  there  is  great  uncertainty.  As  already  stated,  they  do  not  pass 
throagh  the  vagi.  They  certainly  pass  down  the  cervical  spinal  cord,  then 
leave  the  cord  to  pass  into  the  sympathetic.  Cyon  stated  that  they  enter  the 
lowest  cervical  ganglion,  and  pass  through  the  annulus  of  Vieussens  to  the  first 
dorsal  ganglion  and  then  through  the  sympathetic  to  the  coeliac  plexus,  and  by 
the  hepatic  plexus  to  the  liver.  As  we  have  seen,  section  of  certain  of  these 
nerves  produces  diabetes,  but  section  of  the  splanchnic  nerve  does  not  always 
do  so,  although  it  gives  rise  to  vaso-motor  paralysis  of  the  hepatic  vessels.  It 
b  to  be  remembered,  however,  that  section  of  the  splanchnics  paralyzes  the 
abdominal  blood-vessels,  and  it  may  be  that  the  great  amount  of  vaso-motor 
paralysis  thereby  produced  interferes  with  the  velocity  of  the  blood -stream 
throagh  the  liver.  It  is  also  to  be  remembered  that  the  vaso-motor  theory  of 
glycosuria  is  by  no  means  proved.  The  supposition  that  the  nerves  act  directly 
on  the  hepatic  cell  protoplasm  is  by  no  means  excluded.] 

[Reflex  Production  of  ClycoBuria. — Continued  stimulation  of  peripheral  nerves  may  act 
refiexly  upon  the  centre  for  the  vaso-motor  nerves  of  the  liver.  Diabetes  has  been  observed  to 
occur  after  stimulation  of  the  central  end  of  the  vagus  {CI.  Bernard)^  and  also  after  stimulation 
of  the  central  end  of  the  depressor  nerve  {FiUhne).  [Neuritis  of  the  vagus,  produced  by  injec- 
tbo  of  lycopodium  or  croton  oil  into  the  nerve  trunk  or  by  the  action  of  a  ligature,  is  followed 
by  glycosuria,  which  may  last  with  intermissions  for  a  month  {^Arthaud  and  Butte\'\  Even 
seaion  and  subsequent  stimulation  of  the  central  end  of  the  sciatic  nerve  causes  diabetes.  This 
may  explain  the  occurrence  of  diabetes  in  people  who  suffer  from  sciatica.  [It  may  occur  also 
after  perverted  nervous  activity,  as  psychical  excitement,  neuralgias  (sciatica,  trigeminal  or  occi  • 
patal),  concussion  of  the  brain,  as  well  as  after  certain  injuries  to  the  skull  and  vertebral  column 
and  some  cerebral  diseases.] 

Other  Causes  of  Glycosuria. — According  to  Schift,  the  stagnation  of  blood  in  other  vascu- 
lar regions  of  the  body  may  cause  the  ferment  to  accumulate  in  the  blood  to  such  an  extent  that 
diabetes  occurs.  The  glycosuria  that  occurs  after  compression  of  the  aorta  or  portal  vein  may 
perhaps  be  ascribed  to  ^lis  cause,  but  perhaps  the  pressure  caused  by  the^e  procedures  may  para- 
lyze certain  nerves.  According  to  Ek:khard,  injury  to  the  vermiform  process  of  the  cerebellum 
of  the  rabbit  causes  diabetes  [and  so  does  injury  to  the  cerebral  peduncles  and  pons  Varolii^.  In 
man,  affections  of  the  above-named  nervous  regions  cause  diabetes.  [Complete  extirpation  of 
the  paxicreas  in  dogs  causes  glycosuria  {v.  Meting).'] 

[In  most  individuals  the  use  of  a  large  quantity  of  sugar  in  the  food  is  not  followed  by  the 
appearance  of  sugar  in  the  urine;  but  in  some  exceptional  cases  it  is  often  present,  ^^f't  ^'^ 
persons  suffering  ftom  gastric  catarrh,  especially  if  they  are  gouty.] 

A  number  of  poisons  which  paralyze  the  hepatic  vaso-motor  nerves  produce  diabetes;  curare, 
CO,  amyl  nitrite,  onho-nitro-propionic  acid,  and  methyl- delphinin  [p|iloridzin  (v.  MeringY^ ; 
ks8  certainly  morphia,  chloral  hydrate,  HCN,  and  some  other  drugs ;  and  some  infectious  dis- 
eases. But  congestion  of  the  liver  produced  in  other  ways  appears  to  cause  diabetes,  e.ff.^  after 
mechanical  stimulation  of  the  liver.  To  this  class  belongs  the  injection  of  dilute  saline  solutions 
into  the  blood  {Bock  Hoffmann),  whereby  either  change  in  form  or  the  solution  of  the  colored 
blood-corpuscles  causes  the  congestion.  The  circumstance  that  repeated  blood-letting  makes 
the  blood  richer  in  sugar  may  perhaps  be  explained  by  the  slowing  of  the  circulation. 

[Curare-poisoning  causes  glycosuria.  This  is  not  due  to  the  artificial  respiration  necessary  to 
keep  curarized  animals  alive.  It  also  occurs  in  frogs,  and  in  these  animals  aeration  of  the  blood 
can  take  place  without  the  respiratory,  movements.  Phloridzin  b  a  glucoside,  and  it  might  be 
■rgned  thiat  the  sugar  formed  under  its  influence  was  derived  from  the  phloridzin  itself,  but  the 
same  effect  is  produced  by  phloretin,  which  is  not  a  glucoside.] 

[Phloridxin-glycosuria. — Most  of  the  means  which  produce  glycosuria  in  other  animals 
tail  to  do  so  in  birds;  even  the  piqftre  rarely  produces  it.  This  Thiel  and  Minkowski  attribute 
to  the  intensely  active  oxidation-processes  in  birds.  Phloridzin,  a  glucoside  found  in  the  root 
conex  of  apple  and  cherry  trees,  causes  glycosuria,Teven  after  extirpation  of  the  liver,  which 
shows  that  in  these  cases  there  are  other  causes  at  work  than  obtain  in  the  other  forms  of  glyco- 
suria. Phloridzin  makes  animals,  which  are  free  ftrom  carbohydrates,  diabetic.  In  this  case  the 
sugar  must  be  derived  from  proteids  {v.  Mering),  Phloridzin  makes  dogs  diabetic  within  a  few 
hcwrs,  but  after  two  or  three  days  the  glycosuria  disappears,  but  then  the  liver  and  muscles  are 
free  firora  glycogen.  The  administration  of  more  phloridzin  causes  still  more  sugar  to  be  excreted. 
This  must  proceed  from  proteid.] 

Theoretical. — In  order  to  explain  the  more  immediate  cause  of  these  phenomena  several 
hypotheses  have  been  advanced : — 
\a)  The  liver-glycogen  may  be  transformed  unhindered  into  sugar,  as  the  blood  in  its  passage 
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through  the  liver  deposits  or  gives  up  the  ferment  to  the  liver-cells.  So  that  the  normal  fane* 
tioD  of  the  vaso-rootor  system  of  the  liver,  and  its  centre  in  the  floor  of  the  fourth  ventricle,  mif 
be  regarded  as,  in  a  certain  sense,  an  **  inhibitory  system  '*  for  the  formation  of  sugar. 

(d)  If  we  assume  that  normally  there  is  continually  a  small  quantity  of  sugar  passing  from 
the  liver  into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  to  the  disappearance  of 
those  decompositions — diminbhed  burning-up  of  the  sugar  in  the  blood,  which  are  constantly 
removing  the  sugar  from  the  blood.  In  fact,  diabetic  persons  have  been  found  to  coosume  less 
O  and  to  have  an  increased  formation  of  urea. 

Persons  suffering  from  diabetes  require  a  large  amount  of  food  ;  they  suffer  greatly  from 
thirst,  and  drink  niuch  fluid.  They  exhibit  signs  of  marked  emaciation,  when  the  loss  of  the 
body  is  greater  than  the  supply.  [In  advanced  4i<^^t^  'he  glycogenic  function  of  the  liver  is 
almost  abolished,  as  was  proved  by  removing  with  a  trocar  a  small  part  of  the  liver  from  man, 
when  almost  no  glycogen  was  found  (EAr/tcA),  The  absorbed  sugar  in  the  portal  vein  passes 
directly  into  the  general  circulation  without  being  submitted  to  the  action  of  the  liver  (v.  Fre- 
rtchs).'\  In  severe  cases,  towards  death,  not  un frequently  a  peculiar  comatose  condition- 
diabetic  coma — occurs,  when  the  breath  often  has  the  odor  of  aceton,  which  is  also  found  in 
the  urine.  But  neither  aceton  nor  its  precursor,  aceto-acetic  acid,  nor  sethyl-diacetic  acid,  nor 
the  unknown  substance,  in  diabetic  urine,  which  gives  the  red  color  with  ferric  chlt^de  (r. 
Jaksch),  is  the  cause  of  the  coma  {Frerichs  and  Bruger), 

[Injection  of  Qrape-Sugar  into  the  Blood. — When  grape-sugar  is  injected  into  the  jugular 
vein  of  a  dog,  only  33  per  cent,  at  most  is  given  ofl*  in  the  urine ;  within  2  to  5  hours  the  urine 
is  free  from  sugar.  Even  within  a  few  minutes  after  the  injection,  only  a  certain  proportion 
M-X)  ^^  ^^^  sugar  is  found  in  the  blood;  part  of  the  sugar  has  been  detected  in  the  rousdes, 
liver,  and  kidneys,  but  the  fate  of  the  remainder  is  not  known.  Immediately  ader  the  injection, 
the  amount  of  haemoglobin  and  also  of  serum- albumin  is  diminished  (50  per  cent.),  which  is  doe 
to  increase  of  the  quantity  of  water  within  the  vessels ;  but  within  two  hours  the  normal  state  is 
restored  (Brasof).  In  a  curarized  dog  the  injection  of  grape-sugar  into  a  vein  increases  the 
blood-pressure,  but  this  eflect  is  not  observed  after  the  injection  of  morphia  and  chloral.] 

176.  THE  FUNCTIONS  OF  THE  LIVER.— [To  understand  the 
functions  of  the  liver,  we  must  remember  its  unique  relation  to  the  vascu- 
lar and  digestive  systems,  whereby  many  of  the  products  of  gastric  and 
intestinal  digestion  have  to  traverse  it  before  they  reach  the  blood,  and  some 
of  them  as  they  traverse  the  liver  are  altered.     We  have  still  much  to  learn 
regarding  the  liver.     It  has  several  distinct  functions — some  obvious,  others 
not.     (i)  The  liver  secretes  bile,  which  is  formed  by  the  hepatic  cells,  and 
leaves  the  organ  by  the  bile-ducts,  to  pass  into  the  duodenum.     (2)  The  livcr- 
cells  also  form  glycogen,  which  does  not  pass  into  the  ducts,  but  in  some 
altered  and  diffusible  form  passes  into  the  blood-stream,  and  leaves  the  liver  by 
the  hepatic  veins.     Jience,  the  study  of  the  liver  materially  influences  our  con- 
ception of  a  secreting  organ.     In  this  case,  we  have  the  products  of  its  secre- 
tory activity  leaving  it  by  two  different  channels — the  one  by  the  ducts,  and 
the  other  by  the  blood -stream.     The  liver,  therefore,  is  a  great  storehouse  of 
carbohydrates,  and  it  serves  them  out  to  the  economy  as  they  are  required.    It 
prevents  the  blood  from  being  overwhelmed  with  sugar,  and  on  the  other  hand 
it  prevents  a  deficiency  of  this  important  body  in  the  blood  {Bunge),    AH  this 
points  to  the  liver  as  being  an  organ  intimately  related  to  the  general  meta- 
bolism of  the  body.     (3)  In  a  certain  period  of  development  it  is  concerned 
in  the  formation  of  blood-corpuscles  (§  7).     (4)  It  has  some  relation  to  the 
breaking  up  of  blood-corpuscles  and  the  formation  of  urea  and  other  meta- 
bolic products  (§  20,  §  177,  3).     (5)  Some  importance  is  attributed  to  the  liver 
in  connection  with  the  arrest  of  certain  substances  absorbed  from  the  alimen- 
tary canal,  whereby  they  are  either  destroyed,  stored  up  in  the  liver,  or,  it  may 
be,  prevented  from  entering  the  general  circulation  in  too  large  amount.     It  is 
possible  that  ptomaines  may  be  arrested  in  this  way  (§  166).     [It  converts  the 
poisonous  aromatic  products  of  putrefaction,  e.g,^  phenol,  derived  from  pro- 
teids  in  the  intestine,  into  harmless  compounds  by  conjugation  with  sulphates 

(§  262).] 

[The  liver  has  no  special  action  on  certain  mineral  substances  which  traverse  it  in  the  bkxxL 
e,g,i  polassic  chloride,  but  it  retains  the  vegetable  alkaloids,  provided  they  are  not  present  in 
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too  large  an  amount  in  the  blood.    The  ptomaines  are  similarly  retained  in  the  liver.    The  liver 
is  said  to  possess  this  property  only  as  long  as  it  contains  glycogen  (^H,  Rogers).'\ 

[Heger,  in  his  experiments  on  the  artificial  circulation  of  blood  through  an  excised  liver,  found 
that  blood  to  which  an  alkaloid  (nicotin)  was  added,  after  being  perfused  through  the  liver  lost 
some  of  its  nicotin.  Again,  a  dose  of  nicotin  or  hyoscyamine  that  proves  fatal  when  injected 
subcutaneously,  does  not  do  so  when  it  is  injected  into  a  branch  of  the  portal  vein  {Schiff  and 
Lautenbach)^ 

i-n.  CONSTITUENTS  OF  THE  BILE.— [The  bile,  although  it  is 
secreted  continuously,  and  passes  along  the  hepatic  duct  in  most  animals,  is 
only  poured  into  the  intestine  at  certain  times.  In  the  intervals  it  is  carried 
along  the  cystic  duct  and  stored  up  in  the  gall-bladder.  At  certain  times  it  is 
poured  out  by  the  common  bile-duct  into  the  duodenum.] 

Bile  is  a  yellowish-brown  or  dark-green  colored  transparent  fluid,  with  a 
sweetish,  strongly  bitter  taste,  feeble  musk-like  odor,  and  neutral  reaction.  The 
specific  gravity  of  human  bile  from  the  gall-bladder  =  1026  to  1032,  while  that 
from  a  fistula  =  1020  to  loii.     It  contains  no  proteids. 

The  following  table  gives  its  composition  in  different  animals — 


soo  parts  Bile  of— 


Man. 


Water, 

Solids, 

Bile,  sahs,    lecithin,  1 
cholesterin,     fats,   > 

soaps, J 

Mucus  and  pigment, . 
Inorganic  salts,    .    . 


86.3 

8.2 


::i 


2 
2.2 

0.8 


Ox. 


90.4 

9.6 

8.0 

0.3 

'•3 


Pig. 


{ 


88.8 
II. 2 

7.3 

2.2 
0.6 
I.I 


Dog. 
Gall-bladder. 


85^ 
14.8 
12.6 

1.3 

03 
0.6 


Fresh 

Secreted. 


95-3 
47 
3.4 

O.S 
0.2 

0.6 


It  contains — 

(i)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  makes 

it  alkaline ;  it  is  the  product  of  the  mucous  glands  and  the  goblet  cells  of  the 

mucous  membrane  of  the  larger  bile-ducts.    When  bile  is  exposed  to  the  air, 

the  mucus  causes  it  to  putrefy  rapidly.     It  is  precipitated  by  acetic  acid,  or 

alcohol. 

[The  bile  formed  in  the  ultimate  bile- ducts  does  not  seem  to  contain  mucin  or  mucus,  but  bile 
from  the  gall-bladder  always  does,  the  difference  in  composition  of  bile  from  the  gall-bladder  and 
Mle  from  the  liver-duct  being  shown  in  the  above  table.  The  bile  in  the  gall-bladder  is  more 
concentrated,  so  that  absorption  of  water  occurs  in  the  gall-bladder.  The  mucus  is  partly  formed 
by  the  mucous  glands  in  the  larger  bile-ducts,  and  partly  by  the  celb  lining  the  gall-bladder 
(\  173).     It  is  not  a  true  mucin,  but  rather  a  nucleo- albumin.] 

(2)  The  Bile-Acids. — Glycocholic  and  taurocholic  acids,  so-called 
conjugate-acids,  are  united  with  soda  (in  traces  with  potash)  to  form  glyco- 
cholate  and  taurocholate  of  soda,  which  have  a  bitter  taste,  and  rotate  the  plane 
of  polarized  light  to  the  right.  In  human  bile  (as  well  as  in  that  of  birds, 
many  mammals,  and  amphibians)  taurocholic  acid  is  most  abundant ;  in  other 
animals  (pig,  ox)  glycocholic  acid  is  most  abundant  but  is  absent  in  sucklings. 

(a)  Glycocholic  acid,  CaH^NOe,  when  boiled  with  caustic  potash,  or  baryta 
water,  or  with  dilute  mineral  acids,  takes  up  H^O  and  splits  into — 

Olycin  (=  GlycocoU ^  Gelatin  Sugar  =r  Amido- acetic  acid)  =  QHjNO,. 
-|-  Cbolalic  acid  (also  called  Cholic  acid) =  QiH^^^Og. 

=  Qlycocholic  acid  4- Water =C„H~NO^+  H,0. 

(Jf)  TaurochoHc  acid,  €,,1145X507,  when  similarly  treated,  takes  up  water 
and  splits  into— 

Taurin  (=  Amidoaethyl-Sulphuric  acid)  .    .  =  C,H,NSOj. 

4-  Cholalic  acid =  ^^^^f>i- 

=  Taurocholic  acid  4- Water =  Cj^H^jNSO^  +  Hj0(5/r<'r>t^). 
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[Solutions  of  taurocholic  acid  are  antiseptic,  and  if  sufficiently  strong  interfere  whh  the  d^ 
velopment  of  bacteria,  and  prevent  the  alcoholic  and  lactic  fermentations,  as  well  as  the  trfptk 
and  diastatic  action  of  the  pancreas  {Emuk),^ 

Preparation  of  the  Bile-Acida. — Evaporate  bile  to  ^  of  its  volnme,  nib  it  up  into  a  piste 
with  excess  of  animal  charcoal,  and  dry  at  100^  C.  Extract  the  black  mass  with  absolute  iko- 
hol,  and  filter.  After  a  part  of  the  alcohol  has  been  removed  by  distillation,  the  bile-salts  aie 
precipitated  in  a  resinous  form,  and  on  the  addition  of  excess  of  ether,  there  is  formed  immediatelj 
a  crystalline  mass  of  glancing  needles  (Plattner'a  **  crystallized  bile  ").  The  alkalme  sahs 
of  the  bile -acids  are  freely  soluble  in  water  or  alcohol,  and  insoluble  in  ether.  Neutrml  kid 
acetate  precipitates  the  glycocholic  acid — as  lead  glycocholate—from  the  solution  of  both  sahs; 
the  precipitate  is  collected  on  a  filter,  dissolved  in  hot  alcohol,  and  the  lead  is  precipitated  as 
lead  sulphide  by  H^S;  after  removal  of  the  lead  sulphide,  the  addition  of  water  precipitates  the 
isolated  glycocholic  acid.  If,  after  precipitating  the  lead  glycocholate,  the  filtrate  be  treated 
with  basic  lead  acetate,  a  precipitate  of  lead  taurocholate  is  formed,  from  which  the  add  may  be 
obtained  in  the  same  way  as  described  above  [Strtcker\ 

With  regard  to  the  decomposition  products  of  the  bile-acids,  glycin,  as 
such,  does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  with 
cholic  acid,  in  urine  in  combination  with  benzoic  acid,  as  hippuric  acid,  and 
lastly,  in  gelatin  in  complex  combination.  [The  constitution  of  gljcin  is 
known.  It  is  the  same  as  amido-acetic  acid  CH,(NH2)C00H.  In  the  body  it 
originates  from  proteid  (Bung/),'} 

Cholalic  acid  rotates  the  ray  of  polarized  light  tp  the  right,  and  its  chemical 
constitution  is  unknown.  It  is  insoluble  in  water,  soluble  in  alcohol,  but  soluble 
with  difficulty  in  ether,  from  which  it  separates  in  prisms.  Its  crystalline  alka- 
line salts  are  readily  soluble  in  water.  It  is  colored  blue  by  iodine,  and  occurs 
free  only  in  the  intestine. 

Cholalic  acid  is  replaced  in  the  bile  of  many  animals  by  a  nearly  related  add,  ^.^.,  in  pig's 
bile,  by  hyo-cholalic  acid  {Strecker) ;  in  the  bile  of  the  goose,  cheno-cholalic  acid  is  present 
(MarssoH,  Otto),  [Giolalic  acid  obtained  from  the  bile  acids  of  various  animals  difiers  in  its 
composition.  The  formula  of  cholalic  acid  from  human  bile  is  CigH2g04,  while  that  from  ox 
bile  is  C^H^Oft]. 

When  cholalic  acid  is  boiled  with  concentrated  HCl,  or  heated  dry  at  200° 
C,  It  becomes  an  anhydride,  thus : — 

Cholalic  acid =  C^^H^O^,  produces 

Choloidinic  acid     .   .    .  =  C^HggO^  -{-  H^O,  and  this  again  yields 
Dyslysin =  C^H,gO,  -f  H,0. 

Choloidinic  acid  is,  however,  not  improbably  a  mixture  of  cholalic  acid  and  djrslysin ;  dyslysn. 
^hen  fused  with  caustic  potash,  is  changed  into  cholalate  of  potash.  By  oxidation  cbolalic 
acid  yields  a  tribasic  acid,  as  yet  uninvestigated,  and  a  fair  amount  of  oxalic  add,  bat  no  frtty 
iu:ids  {dive), 

[Taurin  is  derived  from  proteids,  as  shown  by  its  composition  and  by  the  sulphur  it  oootaios.] 

Pettenkofer's  Test. — The  bile-acids,  cholic  acid,  and  their  anhydrides, 
when  dissolved  in  water,  yield  on  the  addition  of  ^  concentrated  sulphuric 
acid  (added  in  drops  so  as  not  to  heat  the  fluid  above  70^  C),  and  several 
drops  of  a  10  per  cent,  solution  of  cane-sugar,  a  reddish-purple  transparent  fluid, 
which  shows  two  absorption -bands  at  E  and  F  (ScAenJk),  [A  very  good  method 
is  to  mix  a  few  drops  of  the  cane-sugar  solution  with  the  bile,  and  to  shake  the 
mixture  until  a  copious  froth  is  obtained.  Pour  the  sulphuric  acid  down  the  side 
of  the  test-tube,  and  then  the  characteristic  color  is  seen  in  the  froth.  Anv 
albumin  present  must  be  removed  before  applying  the  test.] 

According  to  Drechsel,  it  is  better  to  add  phosphoric  acid,  instead  of  sulphuric  acid,  unbl  the 
fluid  is  syrupy,  then  add  the  cane-sugar,  and  afterwards' place  the  whole  in  boQing  water. 
When  investigating  the  amount  of  J^ile-acids  in  a  liquid,  the  albumin  must  be  removed  before- 
hand, as  it  gives  a  reaction  similar  to  the  bile-acids,  but  in  that  case  the  red  fluid  has  only  «it^ 
absorption-band.  If  only  small  quantities  of  bile-acids  are  present,  the  fluid  must  in  the  Stsl 
place  be  concentrated  by  evaporation.  Pettenkofer's  test  depends  on  the  formation  of  farfurol 
from  the  sugar  and  H^SO^,  furfurol  giving  a  red  with  the  bile-acids  (My/ius).  In  place  of  sugar  - 
a  I  per  cent,  watery  solution  of  furfurol  may  be  used. 
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[Hay's  Test. — The  bile-acids  or  their  sqjuble  salts  Imver  the  surface-tension  offiuids  in  which 
they  are  dissolved.  Throw  a  small  quantity  of  sulphur  (sublimed  .or  precipitated  J  on  the  surface 
of  the  fluid  containing  bile-acids,  and  if  the  bile-aads  be  present,  the  sulphur  will  at  once  begin 
to  sink,  and  will  be  wholly  precipitated  within  a  few  minutes.     {Privately  communicated.)'] 

The  bile-acids  are  formed  in  the  liver.     After  its  extirpation,  there  is  no 

accumulation  of  biliary  matters  in  the  blood. 

How  the  formation  of  the  nitrogenous  bile-acids  is  effected  is  quite  unknown.  They  must  be 
obtained  from  the  decomposition  of  albuminous  materials,  and  it  is  important  to  note  that  the 
amount  of  bile-acids  is  increased  by  albuminous  food.  Tanrin  contains  port  of  the  sulphur  of 
albumin;  bile-salts  contain  4  to  4.6  per  cent.,  which  may  perhaps  be  derived  from  dissolved  red 
blood-corpuscles. 

(3)  The  Bile-Pigments. — The  freshly  secreted  bile  of  man  and  many 
animals  has  a  yellowish-brown  color,  due  to  the  presence  of  bilirubin.  [In 
cases  of  human  biliary  fistula,  Robson  found  that  in  fresh  human  bile  the  pig- 
ment is  biliverdin.]  When  it  remains  for  a  considerable  time  in  the  gall- 
bladderi  or  when  alkaline  bile  is  exposed  to  the  air,  the  bilirubin  absorbs  O, 
and  becomes  changed  into  a  green  pigment,  biliverdin.  This  substance  is 
present  naturally,  and  is  the  chief  pigment  in  the  bile  of  herbivora  and  cold- 
blooded animals.  [Both  pigments  behave  like  acids ;  they  form  soluble  com-^ 
pounds  with  the  potassium  group,  and  insoluble  ones  with  the  calcium  group 
(^Bunge).     The  actual  amount  of  coloring  matter  in  bile  is  always  very  small.] 

Anthen  finds  that  living  hepatic  cells  when  brought  into  contact  with  a  solu- 
tion of  haemoglobin  outside  the  body  take  up  haemoglobin,  and  (glycogen 
being  present  in  them)  convert  it  into  a  pigment  closely  related  to  the  bile- 
pigment. 

The  bile-pigments  are : — 

(a)  Bilirubin  (Cj^^fi^  is  perhaps  united  with  an  alkali ;  it  crystallizes 
in  transparent  fox-red  clinorhombic  prisms.  It  is  insoluble  in  water,  soluble  in 
chloroform^  by  which  substance  it  may  be  separated  from  biliverdin,  which  is 
insoluble  in  chloroform.  It  unites  as  a  monobasic  acid  with  alkalies,  and  as 
such  is  soluble.     It  is  identical  with  Virchow's  haematoidin  (§  20). 

Preparation. — It  is  most  easily  prepared  from  the  red  (bilirubin-chalk)  eall-stones  of  man  or 
the  ox.  The  stones  are  ponnded,  and  their  chalk  dissolved  by  hydrochlonc  acid ;  the  pigment 
is  then  extracted  with  chloroform.  That  bilirubin  is  derived  from  haemoglobin  is  very  probable, 
considering  its  identity  with  hsematoidin.  Very  probably  red  blood-corpuscles  are  dissolved  in 
the  liver,  and  their  haemoglobin  changed  into  bilirubin. 

(^)  Biliverdin  (B32Ha,N408)  is  an  oxidized  derivative  of  the  former,  from 
which  it  can  be  obtained  by  various  oxidation-processes.  It  is  readily  soluble 
in  alcohol^  very  slightly  so  in  ether,  and  not  at  all  soluble  in  chloroform.  It 
occurs  in  the  placenta  of  the  bitch.  As  yet  it  has  not  been  retransformed  by 
reducing  agents  into  bilirubin. 

Tests  for  Bile-Pigments. — Bilirubin  and  biliverdin  may  occur  in  other 
fluids,  e.g,j  the  urine,  and  are  detected  by  the  Gmelin-Heintz'  reaction. 
When  nitric  acid  containing  some  nitrous  acid  is  added  to  a  liquid  containing 
these  pigments,  a  play  of  colors  is  obtained,  beginning  with  green  (biliverdin), 
blue — violet — red,  ending  with  yellow.  [This  reaction  is  best  done  by  placing 
a  drop  of  the  liquid  on  a  white  porcelain  plate,  and  adding  a  drop  of  the 
impure  nitric  acid.] 

{c)  If,  when  the  blue  color  is  reached,  the  oxidation  process  is  arrested,  bilicyanin  (Heynsius^ 
Campbell),  in  add  solution  blue  (in  alkaline  violet),  is  obtained,  which  shows  two  ill-deBned 
absorption-bands  near  D  {JoffiY 

{(f)  Bilifuscin  occurs  in  small  amount  in  decomposing  bile  and  in  gall-stones  =  bilirubin 
-hH,0. 

[e)  Biliprasin  {JStddler)  also  occurs  =  bilirubin  -f-  H,  -|-  O. 

(/)  The  yellow  pigment,  which  ultimately  results  from  the  prolonged  action  of  the  oxidizing 
reagent,  is  the  choletelin  (CigHigN^Og)  of  Maly ;  it  is  amorphous,  and  soluble  in  water,  alcohol, 
adds,  and  alkalies. 
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[Spectrum  of  Bile. — The  bile  of  cunivoroui  animals  is  generally  liee  rrom  abtapiiii- 
bands,  except  when  acids  are  added  to  it,  in  which  case  the  band  of  bilirubin  is  revealed.  Bii- 
ruinn  >ad  biliverdin  yield  characteristic  spectra,  only  when  ibey  sn  treated  with  nitric  acid.  The 
bile  of  some  animola  yields  bands,  but  when  this  is  the  case  they  aie  due  to  the  presence  oT  9 
derivative  of  hEemsliD,  and  MacMunn  calls  this  body  cholohK matin,  which  gives  a  thite-  cr 
four-banded  spectrum  (ox,  sheep).] 

(g)  Bilirubin  absorbs  H  +  H,0  (by  putrefaction,   or  by  the  treatment  of 
alkaline  watery  solutions  with  the  powerfully  reducinft  sodium  amalgam),  and     1 
becomes  converted  into  Maly's  hydrobilirubin  (CaH^NjO,),  which  is  slightly    | 
soluble  in  water,  and  more  easily  soluble  in  solutions  of  salts,  or  alkalies,  alco-     j 
hoi,  ether,  chloroform,  and  shows  an  absorption -band  at  i,  F.     Thb  substance. 
which,  according  to  Hammarsten,  occurs  in  normal  bile,  is  a  constant  coloring-    ' 
matter  of  fasces,  and  was  called  stercobiltn  by  Vaulair  and  Masius,  hut  ii    . 
identical  with  hydrobilirubin  {Maly).     It  is,  however,  probably  identical  wilb 
the  urinary  pigment  urobilin  of  Jaff^  {Stokvis,  §  20).  I 

[According  to  MacMunn,  hydro-bilirubin  differs  from  arobilin.  There  is  b  cloce  resembbon 
between  pathological  bilirubin  and  stercobilin.  The  bile  of  invertebrates  contains  none  of  tbc 
bile-pigments  present  in  vertebrates,  although  hxmochroraogen  is  tbund  in  the  cray-ftsb  mi 
jiulmonalc  molluacs.  In  some  organs,  and  in  bile,  a  pigmeol-like  Tegetable  chlorophyll — enlero- 
chlorophyll — ^is  found,  but  whether  it  is  derived  from  without,  or  formed  within  the  cn^uiaii. 
is  not  certain  (Ma^MuHn).} 

[ElectrotyBis  of  Bile. — When  ox-bile  is  elecliolyied  in  a  U  lube,  oxidation  of  the  pig- 
ment takes  place  at  the  positive  electrode,  bilirubin  being  changed  into  biliverdin,  and  wilb  > 
strong  or  long-continued  current  the  biliverdin  may  in  its  turn  give  place  to  higher  oiidniai 
products.  Reversal  of  the  current  will  now  cause  the  process  to  retrace  iu  steps,  and  (be  M'ti- 
pigment  will  pass  through  bilirulMn  to  a  more  reduced  stage  where  the  color  is  yellow  {//ayrrafi  ■ 
ami  Seofttld).  The  spectrum  of  the  bile,  however,  remains  practically  unchanged  amic^  tbt 
play  of  oxidation  and  reduction.  The  substance  which  causes  the  absorption  bands  does  ait 
therefore  belong  10  the  taiirubin  series.  The  changes  produced  in  the  pigment  by  electioljsii 
are  not  due  to  Sie  direct  action  of  the  current,  but  to  the  action  of  the  products  set  free  at  ik 
electrodes.     The  bile-salts,  on  the  other  band,  are  electrolytes  {G.  N.  Stnaari].'] 

(4)  Cholesterin  CmH„0  +  H,0,  is  a  monalomic  alcohol  which  rotates  the 
ray  of  polarized  light  to  the  left ;  it  occurs  also  in  blood,  yelk,  nervous  matter 

[and  gall-stones].  It  forms  transparent  rhombic 
plates,  which  usually  have  a  small  oblong  piece  cut 
out  of  the  corner  (Rg.  336).  It  is  insoluble  in  water, 
soluble  in  hot  alcohol,  ether,  or  chloroform.  It  is 
kept  in  solution  in  the  bile  by  the  bile-salts.  [The 
quantity  is  considerable.      It  may  reach  2  per  cent.] 

Preparation. — II  is  most  easily  prepared  from  so-called  whke 
gall-stones,  which  not  unfrequently  conssi  entirely  of  chcdo- 
lerin,  by  eittracling  them  with  hot  alcohol  after  they  are  pulvtt- 
iud.  Crystals  are  excreted  after  evaporation  of  the  ^cohol. 
Tests,— They  give  a  red  Color  wilb  sulphuric  acid  (5  vol.  U>  I 
vol.  H,0),  while  they  give  a  blue — as  cellulose  does — with  sulphuric  acid  and  iodine.  Wbc3 
dissolved  in  chlorofonn.  one  drop  of  concentrated  sulphuric  acid  causes  a  deep  red  color  (H. 
SiAiff).  Moistened  with  an  alcohoiic  solution  of  alcohol,  on  adding  H,SO,.  Ihe  crystals  exhibi: 
a  green,  blue,  and  red  coloration.  Dissolved  in  glacial  acetic  acid,  H,SOf  ^=  red,  and  then  a  blue 
color  (Lititrmann). 

(5)  Amongst  the  other  organic  constituents: — Lecithin  (§  23),  or  its 
decomposition-product,  neurin  (cholin),  and  glycero-phosphoric  acid  (into 
which  lecithin  may  be  artificially  transformed  by  boiling  with  baryta) ;  palini- 
tin,  stearin,  olcin,  as  well  as  their  soda  aoaps ;  diastatic  ferment ;  traces 
of  urea;  (in  ox-bile,  acetic  acid  and  propionic  acid,  united  with  glycerin, 
and  metals,  Dogiel). 

(5)  Inorganic  constituents  of  bile  (0.6  to  i  per  cent.)  : — 
They  are — sodic  and  potassic  chloride,  calcic  and  magnesic  phosphate,  and  much  iron,  wbkt'. 
in  Iresh  bile  gives  the  ordinary  reactions  for  iron,  so  ibat  iron  must  occur  in  coe  of  its  oiidired 
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compoands  in  bile ;  manganese  and  silica.     Gases. — Freshly-secreted  bile  contains  in  the  dog 
more  than  50  vol.,  and  in  the  rabbit  109  vol.  per  cent.  CO,,  partly  miited  to  alkalies,  partly 
absorbed,  the  latter,  however,  being  almost  completely  absorbed  within  the  gall-bladder. 
The  mean  composition  of  human  bile  is : — 


Water,  .    .       .    .    .  82  to  90  per  cent. 

Bile  salts, 6to  ii 

Fats  and  soaps,    .    .  2 

dolesterin,  ....  0.4 


« 


(( 


(I 


Lecithin, 

Mucin  and  pigments. 
Ash, 


0.5  per  cent. 
I  to  3         " 
0.61     " 


Further,  unchanged  fat  probably  always  passes  into  the  bile,  but  it  is  again  absorbed  there- 
from ( Virchow).  The  amount  of  S  in  dry  dog's  bile  =  2.8  to  3.1  per  cent.,  the  N  =  7  to  10  per 
cent,  \spiro) ;  the  sulphur  of  the  bile  is  not  oxidized  into  sulphuric  acid,  but  it  appears  as  a 
sulphur-compound  in  the  urine  {^JCunkeif  v.  Voit),  In  birds  deprived  of  their  liver  there  is  no 
formation  of  bile. 

[Comparative. — Dog's  bile  is  bright  yellow  and  contains  taurocholate  only;  cat's  bile  has 
the  same  composition  whatever  the  nature  of  the  food.  The  bile  of  the  fox  and  wolf  contains 
traces  of  glycocholate.  In  herbivora  the  bile  is  generally  green  in  color  and  contains  both 
glycocholate  and  taurocholate  of  soda,  but  that  of  the  sheep  contains  6nly  traces  of  the 
former.  Pig's  bile  is  turbid,  reddish-brown.  Biters  easily,  and  contains  two  special  biliary 
acids — hyoglycocholate  and  hyotaurocholic.  In  the  guinea-pig  it  is  like  amber  in  color  and 
becomes  green  on  exposure  to  the  air.  Bird's  bile  is  generally  green,  and  so  is  that  of  the 
frog ;  the  latter  contains  taurocholic  acid.  In  Bshes  the  bile  contains  chiefly  taurocholic  acid. 
Amp^iozus  has  no  bile.  The  so-called  biliary  secretion  of  the  invertebrates  does  not  seem  to 
be  true  bile  {Beaunis).'\ 

178.  SECRETION  OF  BILE.— (i)  The  secretion  of  bile  is  not  a 
mere  filtration  of  substances  already  existing  in  the  blood  of  the  liver,  but  it  is 
a  chemical  production  of  the  characteristic  biliary  constituents,  accompanied 
by  oxidation,  within  the  hepatic  cells,  to  which  the  blood  of  the  gland  only 
supplies  the  raw  material.  The  liver-cells  themselves  undergo  histological 
changes  during  the  process  of  digestion.  It  is  secreted  continually ;  but  part 
is  stored  up  in  the  gall-bladder,  and  is  poured  out  copiously  during  digestion. 
The  higher  temperature  of  the  blood  of  the  hepatic  vein,  as  well  as  the  large 
amount  of  CO,  in  the  bile,  indicates  that  oxidation  occurs  within  the  liver. 
The  water  of  the  bile  is  not  merely  filtered  through  the  blood-capillaries,  as  the 
pressure  within  the  bile-ducts  [15-17  mm.  Hg.]  may  exceed  that  in  the  portal 
vein  [7  mm.  Hg.] 

[Liver  cells  while  still  alive  can  produce  bile  s^Jts  from  a  mixture  of  haemoglobin  and 
glycogen,  a  process  which  is  favored  by  the  addition  of  soda  or  serum  (Kallmeyer  and  Alex. 
Schmidt).'] 

(2)  The  quantity  of  bile  was  estimated  by  v.  Wittich,  from  a  biliary 
fistula,  at  533  cubic  centimetres  in  twenty- four  hours  (some  bile  passed  into  the 
intestine)  ;  by  Westphalen,  at  453  to  566  grms.  [by  Murchison,  at  40  oz.]  ;  by 
Joh.  Ranke,  on  a  biliary- pulmonary  fistula,  at  652  cubic  centimetres  ;  Copeman 
and  Winston,  700-800  c.c.  The  observation  by  Ranke  gives  14  grms.  (with  0.44 
grms.  solids)  per  kilo,  of  man  in  twenty-four  hours.  The  mean  is  1290  c.c.  per 
day  in  a  man  weighing  70  kilos.  [Mayo  Robson  found  in  cases  of  biliary 
fistula  an  average  of  30  oz.     More  is  secreted  during  the  day  than  at  night.] 

Analogous  values  for  animals  are — i  kilo,  dog,  32  grms.  (1.2  solids);  i  kilo,  rabbit,  137 
grms.  (2.5  solids) ;  I  kilo,  guinea-pig,  176  grms.  (5.2  solids). 

(3)  The  excretion  of  bile  into  the  intestine  shows  two  maxima  during  one 
period  of  digestion;  the  first  from  3  to  5  hours,  and  the  second  from  13 
to  15  hours,  after  food.  This  seems  to  be  due  to  simultaneous  reflex  excite- 
ment of  the  hepatic  blood-vessels,  which  become  greatly  dilated. 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted 
after  a  flesh  diet,  with  some  fat  added,  less  after  vegetable  food ;  a  very  small 
amount  with  a  pure  fat  diet ;  it  stops  during  hunger.  [Mayo  Robson  did  riot 
find  it  to  be  materially  influenced  by  diet.]     Draughts  of  water  increase  the 
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amount,  with  a  corresponding  relative  diminution  of  the  solid  constituents. 
[The  biliary  solids  are  increased  by  food,  reaching  their  maximum  about  one 
hour  after  feeding.] 

(5)  The  influence  of  blood  supply  is  variable : — 

(a)  Secretion  is  greatly  favored  by  a  copious  and  rapid  blood-supply.  The  blood-pressoit 
is  not  the  prime  factor,  as  ligature  of  the  cava  above  the  diaphragm,  whereby  the  greatest 
blood-pressure  occurs  in  the  liver,  arrests  the  secretion.  [It  would  seem,  as  in  the  esse  of  the 
kidney,  that  the  velocity  of  the  blood  has  fa^  more  to  do  with  it  than  the  blood -pressure.] 

(d)  Simultaneous  ligature  of  the  hepatic  artery  (diameter  5^  mm.)  and  the  portal  reio 
(diameter,  16  nun.^  abolishes  the  secretion  (R3hrig).  These  two  vessels  supply  the  raw  material 
for  the  secretion  of  bile. 

{()  If  the  hepatic  artery  be  ligatured,  the  portal  vein  alone  sustains  the  secretion.  Ligstore 
of  the  artery  or  of  one  of  its  branches  ultimately  causes  necrosis  of  the  parts  supplied  by  that 
branch,  and  eventually  of  the  entire  liver,  as  thb  artery  is  the  nutrient  vessel  of  the  liver. 

{d)  If  the  branch  of  the  portal  vein  to  one  lobe  be  ligatured,  there  is  only  a  slight  secretioD 
in  that  lobe,  so  that  the  bile  must  be  formed  from  the  arterial  blood.  Complete  lifaiuie  of 
the  portal  vein  rapidly  causes  death  ({  87).  Neither  ligature  of  the  hepatic  artery  by  belt 
nor  gradual  obliteration  of  the  portal  vein  by  itself,  causes  cessation  of  the  secretion,  but  it 
is  diminished.  That  sudden  ligature  of  the  portal  vein  causes  cessation  is  due  to  the  fact  that, 
in  addition  to  diminution  of  the  secretion,  the  enormous  stagnation  of  blood  in  the  rootlets  of 
the  portal  vein  in  the  abdominal  organs  makes  the  liver  very  anaemic,  and  thus  prevents  it  from 
secreting. 

(e)  If  the  blood  of  the  hepatic  artery  is  allowed  to  pass  into  the  portal  vein  (which  has  been 
ligatured  on  the  peripheral  side),  secretion  continues  {Schiff\ 

(/)  Profuse  loss  of  blood  arrests  the  secretion  ot  bile.  Wore  the  muscular  and  nerfoos 
apparatus  become  paralyzed.  A  more  copious  supply  of  blood  to  other  organs — e,  ^.,  to  ibe 
muscles  of  the  trunk — during  vigorous  exercise,  diminishes  the  secretion,  while  the  transfosoo 
of  large  quantities  of  blood  increases  it,  but  If  too  high  a  pressure  is  caused  in  the  jxxtal  vcia, 
by  introducing  blood  from  the  carotid  of  another  animal,  it  is  diminished. 

(g )  Influence  of  Nerves. — All  conditions  which  cause  contraction  of  the  abdnminal  hlood- 
vessels,  e,  g.y  stimulation  of  the  ansa  Vieussenii,  of  the  inlierior  cervical  gangiion,  of  the  hepidc 
nerves,  of  the  splanchnics,  of  the  spinal  cord  (either  directly  by  strychnia,  or  reflexly  throng 
stimulation  of  sensory  nerves),  affect  the  secretion ;  and  so  do  all  conditions  which  cause  stagnt* 
tion  or  congestion  of  the  blood  in  the  hepatic  vessels  (section  of  the  splanchnic  nerves,  diabetic 
puncture,  2  I75)»  section  of  the  cervical  spinal  cord.  Paralysis  (ligature)  of  the  hepatic  nerro 
causes  at  first  an  increase  of  the  biliary  section.  [Stimulation  of  the  nerves  around  the  hepatic 
artery  causes  at  first  an  acceleration,  and  afterwards  slowing  of  the  secretion.  Section  of  these 
nerves  causes  a  decided  acceleration.  Doubtless  these  results  are  due  to  variations  in  the  calibre 
of  the  vessels  and  bile*ducts.] 

(h)  Portal  and  Hepatic  Veins. — With  regard  to  the  raw  material  supplied  to  the  liver  br 
its  blood-vessek,  it  is  important  to  note  the  difference  in  the  composition  of  the  blood  of  tbe 
hepatic  and  portal  veins.  The  blood  of  the  hepatic  vein  contains  more  sugar,  lecithin,  cfadestena 
(?),  (Drosdoff)^  and  blood-corpuscles,  but  iess  albumin,  fibrin,  haemoglobin,  fat,  water  and  salts^j 

[({)  Uffefmann  observed  that  the  flow  of  bile  from  a  person  with  a  biliary  fistula  was  arrestee 
during  fever.] 

(6)  The  formation  of  bile  is  largely  dependent  upon  the  decompositioa 

of  red  blood-<:orpuscleS;  as  they  supply  the  material  for  the  formation  of 

some  of  its  constituents. 

Hence,  all  conditions  which  cause  solution  .of  the  colored  blood-coi^puscles  are  accompanied 
by  an  increased  formation  of  bile  ({  180). 

[The  Specific  Constituents  of  Bile. — The  bile-acids  and  pigments  aii 
formed  in  the  liVer.  (i)  These  substances  do  not  exist  in  the  genoa 
blood-stream.  (2)  In  frogs,  after  removal  of  the  liver,  these  substances  aii 
not  found  in  the  blood.  (3)  After  ligature  of  the  bile-ducts,  and  all  the  vesscK 
passing  to  the  liver  in  pigeons,  the  biliary  secretion  is  arrested,  but  even  after 
twenty-four  hours  none  of  the  specific  biliary  constituents  were  found  in  thd 
tissues  or  blood.  No  bile  pigments  were  found  in  the  blood-serum  {Siern^ 
Had  the  bile  constituents  been  formed  outside  the  liver,  they  would  hati 
accumulated  in  the  blood  and  tissues.  After  ligature  of  the  bile-ducts  only  vi 
pigeons,  biliary  pigment  is  found  in  the  blood  and  urine.  The  same  is  traij 
of  biliary  acids  as  proved  by  Fleischl  (p.  340).] 
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[As  to  the  sources  of  the  specific  biliary  constituents,  the  glycocol  and  taurin 
of  the  bile-acids,  containing  as  they  do  nitrogen,  must  be  derived  from  a 
proteid  molecule,  but  cholalic  acid — ^an  acid  free  from  N — does  not  necessarily 
arise  from  proteids.] 

[That  the  bile  pigments  are  formed  from  haemoglobin  resulting  from  the 
breaking  up  of  haemoglobin  is  believed  from  the  following  considerations : — 
(i)  In  old  apoplectic  clots — haematoidin — a,  body  nearly  identical  with 
bilirubin  is  found  (§  20).  There  is  a  genetic  relation  between  bile-pigments 
and  hsematin : — 

Haematin,    C88H8,N404Fe. 

Bilirubin,    C8aH8eN406. 

Biliverdin,  C82H„N408. 

(3)  Substances  which  cause  solution  of  the  blood-corpuscles  within  the  vascular 
system  increase  the  quantity  of  bile-pigments,  e.  g.,  the  intra-venous  injection 
of  water,  bile-salts,  haemoglobin.  (3)  Moreover,  the  bile  contains  iron  in  the 
form  of  a  phosphate,  and  the  iron  is  perhaps  obtained  from  the  iron  of  the 
decomposed  Hb,  (4)  Bile-pigments  are  only  found  in  the  vertebrata, — that 
iSy  in  those  animals  whose  blood  contains  haemoglobin.  They  do  not  occur  in 
in  vertebrata.  Amphioxus,  which  has  no  red  blood-corpuscles,  forms  no  bile- 
pigments.] 

(7)  Of  course  a  normal  condition  of  the  hepatic  cells  is  required  for  a  normal 
secretion  of  bile. 

[(d)  Age. — The  age  of  the  individaal  does  not  appear  to  influence  greatly  its  composition 
nor  does  sex  influence  it.] 

Biliary  Fistulae. — The  mechanism  of  the  biliary  secretion  b  studied  in  animals  by  means  of 
biliary  fittnlse.  Schwann  made  a  permanem  biliary  fistula.  He  opened  the  belly  by  a  vertical 
incision  a  little  to  the  right  of  the  ensiform 
process,  cat  into  the  fundus  of  the  gall-bladder, 
and  sewed  its  margins  to  the  edges  of  the 
wound  in  the  abdomen,  and  afterwards  intro- 
duced a  cannula  into  the  wound  (fig.  237). 
To  secure  that  all  the  bile  is  discharged  exter- 
nally, tie  the  common  bile-duct  in  two  places 
and  divide  it  between  the  two  ligatures. 
After  a  fistula  is  freshly  made  the  secretion 
falls  This  depends  upon  the  removal  of  the 
bile  from  the  txxly.  If  bile  be  supplied,  the 
secretion  is  increased.  Regeneration  of  the 
divided  bile-duct  may  occur  in  dogs.  V. 
Witlich  observed  a  biliary  fistula  in  man.     [A  ^^ 

temporary  biliary  fistula  may  also  be  made.  ^^  pj     2^. 

The  abdomen  is  opened  in  the  same  way  as  ^'    ^  * 

described  above.    A  long  bent  glass  cannula  Schwann  s  pM^anent  fistula,  and  a  temporary 
ismtroduced  and  tied  into  the  common  bile-     S^"*?-      ^Aj^  abdominal  wjai;   G.   B.,  gall- 
duct,  and    the    cystic    duct    b   ligatured    or     ladder;   INT.,  intestine;    T.,  tube  in  tem- 
clampcd  (fig.  237).    The  tube  is  brought  out     I^'^*^  ^^^^  {Sttrlmg). 
through  the  wound  in  the  abdomen.] 

[Influence  of  the  Liver  on  Metabolism. — If  the  liver  be  excluded  from  the  circulation, 
important  changes  must  necessarily  occur  in  the  metabolism.  In  birds  (goose)  there  is  an 
anastomosis  between  the  portal  system  of  the  liver  and  that  of  the  kidneys,  so  that,  when  the 
portal  circulation  is  interrupted  in  these  animals,  there  is  never  any  great  congestion  in  the 
abdominal  organs.  The  goose  dies  generally  eight  to  ten  hours  after  the  operation.  The  uric 
acid  in  the  urine  rapidly  falls  to  a  minimum  (^  to  ^  of  normal)  ;  the  chief  constituent  of  the 
urine  is  then  sarcolactic  acid,  while  in  normal  urine  there  is  none ;  the  ammonia  is  increased 
{Minkowski).  The  experiment  goes  to  indicate  that  uric  acid  is  formed  in  the  liver.  Dog. — 
If  the  liver  be  excluded  from  the  portal  circulation,  by  connecting  the  portal  vein  with  the 
inferior  vena  cava,  and  ligaturing  the  hepatic  artery,  a  dog  will  live  in  the  former  case  three  to 
six  days,  and  in  the  latter  one  to  two.  The  liver  does  not  undergo  necrosis,  nor  does  bile  cease 
to  be  secreted.  The  liver  is  nourished  by  the  blood  in  the  hepatic  vein,  the  reflux  in  this  vein 
being  probably  caused  by  the  respiratory  movements  (Siolnikcnv).   No€l  Paton  finds  that  in  dogs, 
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in  a  condition  of  nitrogenous  equilibrium,  some  drugs  which  increase  the  flow  of  bile  [f.  :^ 
salicylate  and  benzoate  of  soda,  colchicum,  perchloride  of  mercury,  and  euon3rmin)  also  increase 
the  production  of  urea ;  hence,  he  concludes  that  the  formation  of  urea  in  the  liver  bean  a  veir 
direct  relationship  to  the  secretion  of  bile  (J  256).] 

179.  EXCRETION  OF  BILE.—pn  this  connection  we  must  keep  in 
view  two  distinct  mechanisms,  (i)  The  bile-secreting  mechanism  depend- 
ent upon  the  liver-cells,  which  are  always  in  a  greater  or  less  degree  of  activity; 
(2)  the  bile-expelling  mechanism,  which  is  specially  active  at  certain 
periods  of  digestion  (§  178).] 

Excretion  of  bile  is  due  to  (i)  the  continual  pressure  of  the  newly-formed 
bile  within  the  interlobular  bile-ducts  forcing  onward  the  bile  in  the  excretory 
ducts. 

(2)  The  interrupted  periodic  compression  of  the  liver  from  above,  by 
the  diaphragm,  at  every  inspiration.  Further,  every  inspiration  assists  the  flovr 
of  blood  in  the  hepatic  veins,  and  every  respiratory  increase  of  pressure  within 
the  abdomen  favors  the  current  in  the  portal  vein. 

It  is  probable  that  the  diminution  of  the  secretion  of  bile,  which  occurs  after  bilateral  divisico 
of  the  vagi,  is  to  be  explained  in  this  way ;  still  it  is  to  be  remembered,  that  the  vagus  seod^ 
branches  to  the  hepatic  plexus.  It  is  not  decided  whether  the  biliary  excretion  is  diminished 
after  section  of  the  phrenic  nerves  and  paralysis  of  the  abdominal  muscles. 

(3)  The  contraction  of  the  smooth  muscles  of  the  larger  bile-ducts  and  the 
gall-bladder.  Stimulation  of  the  spinal  cord,  from  which  the  motor  nerves  for 
these  structures  pass,  causes  acceleration  of  the  outflow,  which  is  afterwards 
followed  by  a  diminished  outflow.  Under  normal  conditions,  this  stimulation 
seems  to  occur  reflexly,  and  is  caused  by  the  passage  of  the  ingesta  into  the 
duodenum,  wjiich,  at  the  same  time,  excite  movement  of  this  part  of  the 
intestine. 

(4)  Direct  stimulation  of  the  liver,  and  reflex  stimulation  of  the  spinal  cord, 
diminish  the  excretion  ;  while  extirpation  of  the  hepatic  plexus  and  injury  to 
the  floor  of  the  fourth  ventricle  do  not  exert  any  disturbing  influence. 

(5)  A  relatively  small  amount  of  resistance  causes  bile  to  stagnate  in  the 
bile-ducts. 

Secretion  Pressure. — A  manometer,  tied  into  the  gall-bladder  of  a  guinea-pig,  supports  t 
column  of  200  millimetres  of  Txtater  or  15  mm.  Hg ;  and  secretion  can  take  place  under  tb^ 
pressure.  If  this  pressure  be  increased,  or  too  long  sustained,  the  watery  bile  passes  from  tbe 
liver  into  the  blood,  even  to  the  amount  of  four  times  the  weight  of  the  liver,  thus  caosirg 
solution  of  the  red  blood- corpuscles  by  the  absorbed  bile;  and  very  soon  thereafter  hsemogiobia 
appears  in  the  urine.  [This  fact  is  of  practical  importance,  as  duodenitis  may  give  rise  t: 
symptoms  of  jaundice,  the  resistance  of  the  inflamed  mucous  membrane  being  suflicient  to  arrest 
the  outflow  of  bile.] 

Passage  of  Substances  into  the  Bile. — Some  substances  which  enter  the  blood  pass  in: ' 
the  bile ;  especially  the  metals,  copper,  arsenic,  iron,  etc. ;  potassium  iodide,  brcMnide  atKL 
sulphocyanide,  and  turpentine  [the  laUer  gives  it  an  odor  of  violets] ;  to  a  less  degree,  cars- 
sugar  and  grape-sugar;  sodium  salicylate,  and  carbolic  acid.  If  a  large  amount  of  water  be 
injected  into  the  blood,  the  bile  becomes  albuminous ;  mercuric  and  mercurous  chlorides  caa^c 
an  increase  of  the  water  of  the  bile.  Sugar  has  been  found  in  the  bile  in  diabetes  ;  leucin  ^ini 
tyrosin  in  typhus,  lactic  acid  and  albumin  in  other  pathological  conditions  of  this  fluid. 

180.  REABSORPTION   OP    BILE;    JAUNDICE.— I.   Absorption.Jaundice.— 

When  resistance  is  offered  to  the  outflow  of  bile  into  the  intestine,  e,  g.,  by  a  plug  of  mucu^. 
or  a  gall-stone  which  occludes  the  bile-duct,  or  where  a  tumor  or  pressure  from  without  make- 
it  impervious — the  bile-ducts  become  fllled  with  bile  and  cause  an  enlargement  of  the  liver  [and 
may  give  rise  to  obstructive,  mechanical,  or  hepatogenous  jaundice.]  The  pressure  within  the 
bile- ducts  is  increased.  As  soon  as  the  pressure  h^  reached  a  certain  amount,  which  it  soog 
does  when  the  bile-duct  is  occluded  (in  the  dog  275  mm.  of  a  column  of  bile),  rembsorptkm  ot 
bile  bom  the  distended  larger  bile-ducts  takes  place  into  the  lymphatics  (not  the  blood-TesseU 
of  the  liver,  the  bile-acids  pass  into  the  lymphatics  of  the  liver.  [The  lymphatics  can  be  seen 
at  the  portal  Assure  fllled  with  yellow-colored  lymph.]  The  Ijrmph  passes  into  the  thoracc 
duct,  and  so  into  the  blood  {FUischt),    Even  when  the  pressure  is  very  low  within  the  portal 
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vein,  bile  may  pass  into  the  blood  without  any  obstruction  to  the  bile-duct  being  present.  This 
is  the  case  in  Icterus  neonatorum,  as  after  ligature  of  the  umbilical  cord  no  more  blood  passes 
through  the  umbilical  vein  ;  further,  in  the  icterus  of  hunger,  "  hunger-jaundice,"  as  the  portal 
vein  is  relatively  empty,  owing  to  the  feeble  absorption  from  the  intestinal  canal  {CI.  Bernard), 
[Jaundice  is  readily  produced  by  inhalation  of  arseniuretted  hydrogen  or  the  administration  of 
toluylendiamin.l 

II.  Cholsemia  may  also  occur,  owing  to  the  excessive  produption  of  bile  (hypercholia),  the 
bile  not  being  all  excreted  into  the  intestine,  so  that  part  of  it  is  reabsorbed.  This  takes  place 
when  there  is  solution  of  a  great  number  of  blood-corpuscles  (J  178,  6),  which  yield  material  for 
the  formation  of  bile.  Thick  inspissated  bile  accumulates  in  the  bile-ducts,  so  that  stagnation, 
with  subsequent  reabsorption  of  the  bile,  takes  place.  The  transfusion  of  heterogeneous  blood 
obtained  by  dissolving  colored  blood-corpuscles  acts  in  this  direction.  Icterus  is  a  common 
phenomenon  after  too  copious  transfusion  of  the  same  blood.  The  blood-corpuscles  are  dissolved 
by  the  injection  into  the  blood  of  heterogeneous  blood-serum,  by  the  injection  of  bile-acids  into 
the  vessels,  and  by  other  salts,  by  phosphoric  acid,  water,  chloral,  inhalation  of  chloroform  and 
ether ;  the  injection  of  dissolved  haemoglobin  into  the  arteries  or  into  a  loop  of  the  small  intestine 
acts  in  the  same  way. 

Icterus  Neonatorum. — When,  owing  to  compression  of  the  placenta  within  the  uterus,  too 
much  blood  is  forced  into  the  blood-vessels  of  the  newly- bom  infant,  a  part  of  the  surplus  blood 
during  the  first  few  days  becomes  dissolved,  and  part  of  the  haemoglobin  is  converted  into  bili- 
rubin, thus  causing  jaundice  (  Virchow,  Violet), 

Absorption -Jaundice. — When  the  jaundice  is  caused  by  the  absorption  of 
bile  already  formed  in  tlje  liver,  it  is  called4»epatogenic  or  absorption-jaundice. 
The  following  are  the  sympjkoms  : — 

(i)  Bile-pigments  and  bile-acids  pass  into  the  tissues  of  the  body;  hence,  the  most  pro- 
nounced external  s3rmptom  is  the  yellowish  tint  or  jaundice.  The  skin  and  the  sclerotic  become 
deeply  colored  yellow.     In  pregnancy  the  foetus  is  also  tinged. 

(2)  Bile-pigments  and  bile-acids  pass  into  the  urine  (not  into  the  saliva,  tears,  or  mucus), 
(I  177)-  When  there  is  much  bile-pigment,  the  urine  is  colored  a  deep  yellowish. brown,  and 
its  froth  is  citron-yellow ;  while  strips  of  gelatin  or  paper  dipped  into  it  also  become  colored. 
Occasionally  bilirubin  (=  hsematoidin)  crystals  occur  in  the  urine  (J  266). 

(3)  The  faeces  are  •*  clay  colored"  (because  the  hydrobilirubin  of  the  bile  is  absent  from  the 
fcecal  matter) — very  hard  (because  the  fluid  of  the  bile  does  not  pass  into  the  intestine) ;  contain 
much  fat  (in  globules  and  crystals),  because  the  fat  is  not  sufHciently  digested  in  the  intestine 
without  bile,  so  that  78  per  cent,  of  the  fat  taken  with  the  food  reappears  in  the  fkces  (v.  Foil) ; 
they  have  a  very  disagreeable  odor^  perhaps  because  the  bile  normally  limits  the  putrefaction  in 
the  intestine.  [V.  Voit  finds  that  putrefaction  does  not  take  place  if  fats  be  withheld  from  the 
food  (p.  343).]  The  evacuation  of  the  faces  occurs  slowly  ^  partly  owing  to  the  hardness  of  the 
faeces,  partly  because  of  the  absence  of  the  peristaltic  movements  of  the  intestine,  owing  to  the 
want  of  the  stimulating  action  of  the  bile. 

(4)  The  heart-beats  are  greatly  diminished,  ^.^.,  to  40  per  minute.  This  is  due  to  the  action 
of  the  bile-salts,  which  at  fi^t  stimulate  the  cardiac  ganglia,  and  then  weaken  them.  Bile-salts 
injected  into  the  heart  produce  at  first  a  temporary  acceleration  of  the  pulse,  and  afterwards 
slowing  (Rohrig).  The  same  occurs  when  they  are  injected  into  the  blood,  but  in  this  case  the 
stage  of  excitement  is  very  short.  The  phenomenon  is  not  affected  by  section  of  the  vagi.  It 
IS  probable,  that  when  the  action  of  the  bile-salts  is  long  continued,  they  act  upon  the  heart- 
muscle.  In  addition  to  the  action  on  the  heart,  there  is  slowing  of  the  respiration  and  dimi- 
nution of  temperature. 

(5)  That  the  nervous  system,  and  perhaps  also  the  muscles,  are  affected,  either  by  the  bile- 
salts  or  by  the  accumulation  of  cholesterin  in  the  blood,  is  shown  by  the  very  general  relaxa- 
tion, sensation  of  fatigue,  weakness,  drowsiness,  and  lastly  deep  coma — sometimes  there  is  sleep- 
lessness, itching  of  the  skin,  even  mania,  and  spasms.  Ldwit,  after  injecting  bile  into  animals, 
observed  phenomena  referable  to  stimulation  of  the  respiratory,  cardio-inhibitory,  and  vaso-motor 
nerve-centres. 

(6)  In  very  pronounced  jaundice  there  may  be  ^* yellow  visiouy"  owing  to  the  impregnation  of 
the  retina  and  macula  lutea  with  the  bile-pigment. 

(7)  The  bile- acids  in  the  blood  dissolve  the  red  blood-corpuscles.  The  haemoglobin  is 
changed  into  new  bile-pigment,  and  the  globulin-like  body  of  the  haemoglobin  may  form 
unnary  cylinders  or  casts  in  the  urinary  tubules,  which  are  ultimately  washed  out  of  the  tubules 
by  the  urine. 

[Influence  of  Drugs  on  the  Secretion  of  Bile. — On  animals  one  may  make  either  a 
permanent  or  a  temporary  fistula  (p.  339).  The  latter  is  the  more  satisfactory  method,  and  the 
experiments  are  usually  made  on  fasting  curarized  dogs.  A  suitable  cannula  is  introduced  into 
the  common  bile-dua  (fig.  237),  the  animal  is  curarized,  artificial  respiration  being  kept  up,  while 
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the   drug   is  injected  into  the  stomach  or  intestine.     ROhrig  used  this  method,  which  wis 
improved  by  Rutherford  and  Vignal.     ROhrig  Ibnnd  that  some  purgatives — crotoa  oil,  oolocTDih, 
jalapi  aloes,  rhubarb,  senna,  and  other  substimces — increased  the  secretion  of  bile.     Rutherford 
and  Vignal  investigated  the  action  of  a  large  number  of  drugs  on  the  bile-secreting^  mechan- 
ism.   They  found  that  croton  oil  is  a  feeble  hepatic  stimulant,  while  podophyllin,  aioes,  cot< 
chicum,  euonymin,  iridin,  sanguinarin,  ipecacuan,  colocynth,  sodium  phosphate,   phytolaccm, 
sodium  benzoate,  sodium  salicylate,  dilute  nitro-hydrochloric  acid,  ammonium  phosphate,  mer- 
curic chloride  (corrosive  sublimate),  are  all  powerful,  or  very  considerable,  hepatic  stimultms. 
Some  substances  stimulate  the  intestinal  glands,  but  not  the  liver,  e.g,^  magnesium  sniphtie. 
castor  oil,  gamboge,  ammonium  chloride,  manganese  sulphate,  calomel.    Other  substances  stisi- 
ulate  the  liver  as  well  as  the  intestinal  glands,  although  not  to  the  same  extent,  e.g.,  scammoay 
(powerful   intestinal,  feeble   hepatic   stimulant);    colocynth  excites  both   powerfully;   jalap, 
sodium  sulphate,  and  baptisin,  act  with  considerable  power  both  on  the  liver  and  the  intestioal 
glands.     Calabar  bean  stimulates  the  hver,  and  the  increased  secretion  caused  thereby  may  be 
reduced  by  sulphate  of  atropin,  although  the  latter  drug,  when  given  alone,  does  not  notablj 
affect  the  secretion  of  bile.    The  injection  of  water  or  bile  slightly  increases  the  secretion.    In 
all  cases  where  purgation  was  produced  by  purely  intestinal  stimulants,  such  as  magnesiim 
sulphate,  gamboge,  and  castor  oil,  the  secretion  of  bile  was  diminished.     In  all  such  experi- 
ments it  is  most  important  that  the  temperature  of  the  animal  be  kept  up^  else  the  secredoD  of 
bile  diminishes.     Paschkis's  results  on  dogs  differ  considerably  from  those  of  Rutherford.    He 
asserts  that  only  the  bile-acids  (salts)  of  all  the  substances  he  investigated  excite  a  prompt  and 
distinct  cholagogue  action.     Baldi  also  asserts  that  he  has  not  observed  a  decided  increase  of  the 
secretion  following  the  use  of  some  of  the  so-called  cholagogues.] 

[Biliary  Bstulse  sometimes  occur  in  man.  The  bile-duct  may  be  completely  blocked  by  gall- 
stones. Sometimes  the  gall-bladder  is  opened  to  remove  the  gall-stones,  and  occasionally  a 
biliary  fistula  persists,  the  bile  being  wholly  discharged  through  an  opening,  none  reaching  the 
intestine  owing  to  occlusion  of  the  common  bile-duct.  In  a  case  observed  by  Mayo  Robson.  be 
found  that  many  so-called  cholagogues,  ^.^.,euonymin,  rhubarb,  podophyllin,  carbonate  of  soda, 
turpentine,  benzoate  of  soda,  seem  rather  to  diminish  than  increase  the  amount  of  bile  excreted ; 
iridin  appears  to  increase  the  flow  temporarily  without  augmenting  the  total  quantity  in  24 
hours.] 

[As  yet  we  cannot  say  definitely  whether  or  not  such  substances  as  stimulate  the  secreUoQ  of 
bile  do  so  by  exciting  the  mucous  membrane  of  the  small  intestine  and  thereby  inducing  refie^ 
excitement  of  the  liver.  Their  action  does  not  seem  to  be  due  to  increase  of  the  blood-stream 
through  the  liver.  More  probably,  as  Rutherford  suggests,  these  drugs  act  directly  on  the 
hepatic-cells  or  their  nerves.  Acetate  of  lead  directly  depresses  the  biliary  secretion,  while  some 
substances  affect  it  indirectly.] 

[Cholestersemia. — Flint  ascribes  great  importance  to  the  excretion  of  cholesterin  by  the  bile, 
with  reference  to  the  metabolism  of  the  nervous  system.  Cholesterin,  which  is  a  normal  in- 
gredient of  nervous  tissue,  is  excreted  by  the  bile,  and  if  it  be  retained  in  the  blood  **  cfades- 
teraemia,'*  with  g^rave  nervous  S3nnptoms,  is  said  to  occur.  This,  however,  is  problematical, 
and  the  phenomena  described  are  probably  referable  to  the  retention  of  the  bile-acids  in  the 
blood.] 

181.  FUNCTIONS  OF  THE  BILE.— [(i)  Bile  is  concerned  in  the 
digestion  of  certain  food-stuffs. 

(2)  Part  is  absorbed,  a  fact  opposed  to  the  view  that  bile  is  entirely  an  ex- 
cretion. 

(3)  Part  is  excreted.  Perhaps  the  bile  is  largely  excretnentitious  ;  at  least, 
observations  in  cases  of  biliary  fistula  in  man  have  shown  that  increase  in  body- 
weight  and  good  health  are  quite  consistent  with  the  entire  absence  of  bile 
from  the  intestines  (^M,  Robson),'\ 

(A)  Bile  plays  a  part  in  the  absorption  of  fats. — [The  presence  of  bile 
in  the  intestine  is  not  absolutely  necessary  for  the  digestion  of  such  an  amonnt 
of  fat  as  is  capable  of  supporting  life  and  keeping  up  nutrition.] 

(i)  It  emulsionizes  neutral  fats ^  whereby  the  fatty  granules  pass  more 
readily  through  or  between  the  cylindrical  epithelium  of  the  small  intestine 
into  the  lacteals.  It  does  not  decompose  neutral  fats  into  glycerin  and  a  fatt}- 
acid,  as  the  pancreas  does  (§  170,  III). 

When,  however,  fatty  acids  are  dissolved  in  the  bile,  the  bile-salts  are  decomposed,  the  btie- 
acids  being  set  free,  while  the  soda  of  the  decomposed  bile-salts  readily  forms  a  sohil^e  socp 
wah  the  fatty  acids.    These  soaps  are  soluble  in  the  bile,  and  increase  considerably  the  emul- 
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siiyiog  power  of  this  fluid.  Bile  can  dissolve  fattj  acids  to  form  an  add  fluid,  which  has  high 
emulsioniang  properties  (S^einrr),  Emulsiflcation  is  influenced  by  a  i  per  cent,  solution  of 
NaQ,  or  Na^i- 

(2)  As  fluid  fat  flows  more  easily  through  capillary  tubes  moistened  with  bile, 
it  is  concluded  that,  when  the  pores  of  the  wall  of  the  small  intestine  are 
mobtened  with  bile,  the  fatty  particles  pass  more  easily  through  them. 

(3)  Filtration  of  fat  takes  place  through  a  membrane  moistened  with  bile  or 
bile-salts  under  less  pressure  than  when  it  b  moistened  with  water  or  salt  solu- 
tions (r.  Wistitighausen).  [Groper  has  repeated  v.  Wistinghausen's  experiment, 
but  with  negative  results.] 

(4)  As  bile,  like  a  solution  of  soap,  has  a  certain  relation  to  watery  solutions, 
as  well  as  to  fats,  it  permits  diffusion  to  take  place  between  these  two  fluids,  as 
the  membrane  is  moistened  by  both  fluids. 

Bile  is  of  importance  in  the  absorption  of  fats.  This  is  strikingly  illustrated  by  experiments 
cm  animals,  in  which  the  bile  is  entirely  discharged  externally  through  a  fistula.  T>og&  under 
these  conditions  absorbed  at  most  40  per  cent,  of  the  fat  taken  with  the  food  [^  per  cent,  being 
given  off  by  the  faeces,  while  a  normal  dog  absorbs  99  per  cent,  of  the  fat].  The  chyle  of  such 
aniniaH  is  very  poor  in  fat,  is  not  white  but  transparent ;  the  faeces,  however,  contain  much  fat, 
and  are  oily ;  the  animals  have  a  ravenous  appetite ;  the  tissues  of  the  body  contain  little  fat, 
even  when  the  nutrition  of  the  animals  has  not  been  much  interfered  with.  Persons  suffering 
from  disturbances  of  the  biliary  secretion,  or  from  liver  affections,  ought,  therefore,  to  abstain 
from  fiatty  food.  [The  digestion  of  flesh  and  gelatin  is  not  interfered  with  in  dogs  by  the  removal 
of  the  bile  (v.  Voit),  Dogs  with  biliary  fistum  can  digest  albumin  and  carb(3)ydrates  as  com- 
pletely as  normal  dogs.  The  putrefactive  smell  of  the  fseces  in  dogs  with  intestinal  fistula  is  due 
to  the  imabsorbed  fat  enclosing  the  proteids,  which  become  decomposed  by  the  putrefactive 
offgmnlsms  of  the  intestine  (Bungeyi 

(B)  Fresh  bile  contains  a  diastatic  ferment,  which  transforms  starch  into 
sugar,  and  also  glycogen  into  sugar.  [This  is  a  very  feeble  diastatic  action, 
and  is  apparently  not  greater  than  that  possessed  by  some  other  non-digestive 
juices  in  the  body.     Bile  has  no  action  on  albumin.] 

(C)  Bile  excites  contractions  of  the  muscular  coats  of  the  intestine, 
and  contributes  thereby  to  absorption.  [In  cases  of  biliary  fistula  in  man 
regular  action  of  the  bowels  may  occur  without  the  presence  of  bile  in  the 
intestine.] 

(i)  The  bile-acids  act  as  a  stimulus  to  the  muscles  of  the  villi,  which  contract  from  time  to 
time,  so  that  the  contenu  of  the  origins  of  the  lacteals  are  emptied  towards  the  larger  lymphatics, 
and  the  villi  are  thus  in  a  position  to  absorb  more.  [The  villi  act  like  numerous  small  pumps, 
and  expel  their  contents,  which  are  prevented  from  returning  by  the  presence  of  valves  in  the 
larger  lymphatics.] 

(2)  The  musculature  of  the  intestine  itself  seems  to  be  excited,  perhaps  through  the 
agency  of  the  plexus  myentericus.  In  animals  with  a  biliary  fistula,  and  in  which  the  bile-duct 
is  obctmcted,  the  intestinal  peristalsis  is  greatly  diminished,  while  the  salts  of  the  bile-acids  ad- 
miniatured  by  the  mouth  cause  diarrhoea  and  vomitii^.  As  contraction  of  the  intestine  aids 
absorption,  bile  is  also  necessary  in  this  way  for  the  absorption  of  the  dissolved  food- stuffs. 

(D)  The  presence  of  bile  seems  to  be  necessary  to  the  vital  activity  of  the 
intestinal  epithelium  in  its  supposed  function  of  being  concerned  in  the  absorp- 
tion of  fatty  particles  (§  190). 

(E)  Bile  moistens  the  wall  of  the  intestines,  and  gives  to  the  faeces  their 
normal  amoimt  of  water,  so  that  they  can  be  readily  evacuated.  Animals  with 
a  biliary  fistula,  and  some  individuals  with  obstruction  of  the  bile-ducts,  are 
very  costive.  The  mucus  aids  the  forward  movement  of  the  ingesta  through 
the  intestinal  canal.     Thus,  in  a  certain  sense,  bile  is  a  natural  purgative, 

(H)  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  con- 
tents, especially  with  a  fatty  diet,  §  190.  [Thus,  it  is  an  antiseptic,  although 
this  is  doubted  by  v.  Voit.  Its  so-called  antiseptic  action  is  quite  unimportant. 
Bile  itself  rapidly  decomposes  outside  the  body.] 

(G}  When  the  strongly  acid  contents  of  the  stomach  pass  into  the  duode- 
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num,  the  glycocbolic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the 
pepsin  with  it  (Burkarf),  Some  of  the  albumin,  which  has  been  simply  dis- 
solved (but  not  peptone  or  propeptone),  is  also  precipitated  by  the  taurocholic 
acid  {Maly  and  EmicK).  The  bile-salts  are  decomposed  by  the  acid  of  the 
gastric  juice.  When  the  mixture  is  rendered  alkaline  by  the  pancreatic  juice 
and  the  alkali  derived  from  the  decomposition  of  the  bile-salts,  the  pancreatic 
juice  acts  energetically  in  this  alkaline  medium  (^MoUschotf). 

[Taurocholic  acid  and  its  soda  salts  precipitate  albumin,  but  not  peptone ;  gljrcocholic  add 
does  not  precipitate  albumin,  so  that  in  the  intestine  the  peptone  is  separated  from  the  albamin 
(and  syntonin),  and  may  therefore  be  more  readily  absorbed,  while  the  precipitate  adhering  to 
the  intestinal  wall  can  be  further  digested  {Maiy  and  Emich).  Taurocholic  add  behaves  in 
the  same  way  towards  gelatin  peptone.] 

Bilious  Vomit. — When  the  bile  passes  into  the  stomach,  as  in  vomiting,  the  add  of  the 
gastric  juice  unites  with  the  bases  of  the  bile-salts ;  sodium  chloride  and  free  bile-acids  are  formed, 
and  the  add-reaction  is  thereby  somewhat  diminished.  The  bile-adds  cannot  carry  on  gastric 
digestion ;  the  neutralization  also  causes  a  precipitation  of  the  pepsin  and  mucin.  As  soon,  bov- 
ever,  as  the  walls  of  the  stomach  secrete  more  acid,  the  pepsin  is  redissolved.  The  bile  wbidi 
passes  into  the  stomach  deranges  gastric  digestion,  by  shrivelling  the  proteids,  which  can  only  be 
peptonized  when  they  are  swollen  up  (p.  305). 

182.  FATE  OF  THE  BILE.— Some  of  the  biliary  constituents  are 
completely  evacuated  with  the  faeces,  while  others  are  reabsorbed  by  the  intes- 
tinal walls.     [A  considerable  proportion  of  the  bile  is  excreted.] 

(i)  Mucin  passes  unchanged  into  the  faeces. 

(2)  The  bile-pigments  are  reduced,  and  are  partly  excreted  with  the  faeces 

as  hydrobilirubin,  and  partly  as  the  identical  end-product  urobilin  by  the 

urine  (§  177,  3^). 

From  meconium  hydrobilirubin  is  absent,  while  crystalline  bilirubin  and  biliverdin,  and  aa 
unknown  red  oxidation-product  of  them,  are  present  [bile-acids,  even  taurocholic,  arid  small 
traces  of  fatty  acids]  (Zwei/el)y  so  that  it  gives  Gmelin's  reaction.  Hence,  no  reduction — but 
rather  oxidation  —processes  occur  in  the  foetal  intestine.  [Composition  of  meconium. — Dary 
gives  72.7  per  cent,  water,  23.6  mucus  and  epithelium,  i  per  cent,  fat  and  cholesterin,  and  3 
per  cent,  bile-pigments.  Zweifel  gives  79.78  percent,  water,  and  solids  20.22  per  cent.  It  does 
not  contain  lecithin,  but  so  much  bilirubin  that  Hoppe-Seyler  uses  it  as  a  good  source  whence  to 
obtain  this  pigment.     It  gives  a  spectrum  of  a  body  related  to  urobilin.] 

(3)  Cholesterin  is  given  off  with  the  faeces. 

(4)  The  bile  salts  are  for  the  most  part  reabsorbed  by  the  walls  of  the 
jejunum  and  ileum,  to  be  re-employed  in  the  animal's  economy.  Tappeiner 
found  them  in  the  chyle  of  the  thoracic  duct — minute  quantities  pass  normally 
from  the  blood  into  the  urine.  Only  a  very  small  amount  of  glycocholic  acid 
appears  unchanged  in  the  faeces.  The  taurocholic  acid,  as  far  as  it  is  not  ab- 
sorbed, is  easily  decomposed  in  the  intestine,  by  the  putrefactive  processes,  into 
cholalic  acid  and  taurin ;  the  former  of  these  is  found  in  the  faeces,  but  the 
taurin  at  least  seems  not  to  be  constantly  present.  Part  of  the  cholalic  add 
is  absorbed,  and  may  unite  in  the  liver  either  with  glycin  or  taurin  (^iVeiss). 

(5)  The  faeces  contain  mere  traces  of  lecithin. 

Impaired  Nutrition. — The  greatest  part  of 'the  most  important  biliary  constituents,  the  bile- 
acids,  re-enter  the  blood,  and  thus  is  explained  why  animals  with  a  biliary  Bstula,  where  all  the 
bile  is  removed  (without  the  animal  being  allowed  to  lick  the  bile),  rapidly  lose  weight.  This 
depends  partly  upon  the  digestion  of  the  fats  being  interfered  with,  and  also  upon  the  direct  loss 
of  the  bile-salts.  If  such  dogs  are  to  maintain  their  weight,  they  must  eat  twice  as  much  food. 
In  such  cases,  carbohydrates  most  beneficially  replace  the  fats.  If  the  digestive  apparaltis  is 
otherwise  intact,  the  animals,  on  account  of  their  voracity,  may  even  increase  in  weight,  but  the 
flesh  and  not  the  fat  is  increased. 

Bile  partly  an  Excretion. — The  fact  that  bile  is  secreted  during  the  foetal 
period,  whilst  none  of  the  other  digestive  fluids  is,  proves  that  it  is  an  excretion. 

The  cholalic  acid  which  is  reabsorbed  by  the  intestinal  walls  passes  into  the  body,  and  seems 
ultimately  to  be  burned  to  form  CO.  and  H^O.  The  glycin  (with  hippuric  acid)  forms  urea,  as 
the  urea  is  increased  after  the  injection  of  glycin.    The  fate  of  taurin  i^  unknown.     When  large 
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'jiUDtities  are  introduced  into  the  hunuui  stomacli,  it  reappears  in  the  urine  as  taoro-carbamic 
acid,  alone  ^"^  '  small  qiuulitj  of  uncbuiged  tourin.  When  injected  subcutaneouily  into  a 
rabbit,  nearly  all  of  it  reappears  in  the  urine. 

[Practical.— In  practice  it  is  important  to  remember  that  bile,  once  in  the  intestine,  ia  liable 
to  be  absorbed  unless  it  be  carried  down  the  intestine;  hence,  it  is  one  thing  to  gire  a  drag 
vhich  will  excite  the  secretion  of  the  bile,  i,  r.,  a  hepatic  stimuUnt,  and  another  lo  bave  the  bile 
K>  secreted  expelled.  It  is  wise,  therefore,  to  give  a  drag  which  will  do  both,  or  at  least  to  com. 
bine  a  hepatic  stimulant  with  one  which  will  stimulate  the  musculature  of  the  intestine  as  well. 
Aciive  c.ttrcite,  whereby  the  diaphragm  is  vigorously  calleii  into  action  lo  compress  the  liver, 
will  aid  in  the  exputuon  of  the  bile  from  the  liver  (drun/on).] 

183.  THE  INTESTINAL  JUICE.— Length  of  InteBIine.— The  human  inteslme  is 
ten  limes  longer  than  the  length  of  the  body,  as  measured  from  the  vertex  to  the  anas.  It  is 
loiter  comparstively  than  that  of  the  omnivora.  Its  minimum  length  is  507,  its  maximum  1 194 
ceniimetres  [17  to  35  feet]  ;  its  capacity  is  relatively  greater  in  children  {Bmike)  (J  159), 

The  succus  entericus  is  the  digestive  fluid  secreted  by  the  numerous  glands 
of  the  intestinal  mucotis  membrane.  The  largest  amount  is  produced  by 
Lieberkilhn's  glands,  while  in  the  duodenum  there  is  added  the  scanty  secretion 
of  Brunner's  glands. 

Brannet'B  glands  are  small,  branched,  tubular  glands,  lying  in  the  sub-mucosa  of  the  duo- 
dsDiuD.  Their  fine  ducts  ran  inwards,  pierce  the  mucous  membraoe,  and  open  at  the  bases 
of  ihe  villi  (figi.  114,  138).  The  acini  are  lined  by  cylindrical  cells,  like  tbo«e  lining  the 
pyloric  glandi.     In  fact,  Branner's  glands  are 

Etructorally  and  anatomically  identical  with  the  v     v       v     v      v    v 

pyloric  glands  ofihe  stomach.  During  hunger, 
the  cells  are  tnrbid  and  smalt,  while  during  di- 
gestion they  are  large  and  clear.  The  glands 
receive   nerve-fibrei   from   Meissnci's   plexus 

I.    The  Secretion  of  Brunner's 
Glands. — The  granular  contents  of 
the    secretory  cells   of  these   glands,  L^ 
which  occur  singly  in  man,  but  form 
a    continuous  layer  in  the  duodenum 
of  the  sheep,  besides  proleids,  consist     '^ 
of  mucin  and  &  ferment-substance  of 
unknown  constitution.  The  watery  ex- 
tract of  the  glands  causes — (1)  Solution 
of  proteids  at  the  temperature  of  the 
body    (Krolcw).      (a)    It  also  has  a 
diastatic  action.     It  converts  maltose 
'\n\o  ^*icQi^  [Brown  and  Heron).     It      ^ 
does  not  appear  to  act  upon  fats. 

On  accoiint  of  Ihe  smallness  of  these  objects, 
such    experiments   are  only  made  with   great  ^B'  *38. 

difficuhy,  and.  therefore,  there  is  a  considerable  Verticsl  section  of  duodenum  (cat)  x  30.  E, 
uncertainty  with  regard  10  the  action  of  the  e[uthelium ;  c  and  /,  circular  and  longitudinal 
secretion.  muscular  fibres;   L^,   Lieberkilhn's  glands; 

_..,..,,       ,        ,  ,         B,s,    Branner's   glands;  g,  gBngUon    cells; 

Lieoerkuhn  s  glands  are  simple     ^  villi.  *•  &    » 

tubular  glands  resembling  the  fin- 
ger of  a  glove  [or  a  test-tube],  which  lie  closely  packed,  vertically,  near  each 
other,  in  the  mucous  membrane  (fig.  239);  they  are  most  numerous  in  the 
large  intestine,  owing  to  the  absence  of  villi  in  this  region.  They  consist  of  a 
structureless  membrana  propria  lined  by  a  single  layer  of  low  cylindrical  epi- 
thelium, between  which  numerous  goblet -cells  occur,  the  goblet-cells  being  fewer 
in  the  small  intestine  and  much  more  numerous  in  the  large  (fig.  339).  The 
glands  of  the  small  intestine  yield  a  thin  secretion,  while  those  of  the  large 
intestine  yield  a  large -amount  of  sticky  muctis  from  their  goblet-cells  (.A7f7.rf 
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and  Heidenkain).  [In  a  vertical  section  of  the  small  intestine  they  lie  al  ihe 
base  of  the  villi  (figs.  238,  249),  In  transverse  section  they  are  shown  in 
fig.  140.1 

II.  The  Secretion  of  Lieberkuhn's  Glands,  from  the  duodenum  on- 
wards, is  the  chief  source  of  the  intestinal  juice. 

Intestinal  PiBtuU. — The  intestinsl  juice  is  obtained  bj  making  a  Thiry*!  FlBtula  (1S64). 
A  loop  of  tbc  intestine  of  a  dog  is  pulled  foTward  (lig.  241),  and  a  piece  about  4  inches  is 
length  is  cut  out,  10  Ihii  the  coaiinuii]'  of  Ibe  intestinal  tube  is  broken,  but  the  mrsenisi 
and  its  blood-vessels  ire  not  divided.  One  end  of  ibis  tube  is  closed,  and  the  other  end  u 
left  open  and  Hitched  to  the  abdominal  wall  (lig.  241,  j).  The  two  ends  of  Ihe  intcMint, 
from  which  this  piece  wat  taken,  are  brought  together  viit  sutures,  so  as  to  «»Ublisb  Ibc 
continuity  of  the  intetlinal  canal  (1^.  241,  3).    The  excind  pieces  of  intettiae  yield  a  secmin 


Fig.  240. 

Tiaasverse  section  of  Lieberkiihn's 
follicles. 


F^.  339.  Fig.  241. 

Lieberkiihn's  gland  from  Scheme  of  Thiiy's  lislala.     i,  2,  3,  4,  Vella':. 

the      targe      intestine  Bstuia.      A  A'    are  stitched  tcgether;    AbJ, 

(d<^).  Abdominal  wall  {Stirling). 

which  is  uacoataminated  with  any  other  digestive  secretion.     [Thiry's  method  is  very  ui 

factory,  as   judged    from    Ibe    action   of   the    separated   loop    in  relation    to 

probably  owing  to  its  mucous  membtane  becoming  atrophied  from  disuse,  or  injured  by  influa. 

mation.] 

[Meade  Smith  makes  a  small  opening  in  the  iDtestine,  through  which  he  introduces  two 
small  collapsed  india-nibbei  balls,  one  above  and  the  other  below  the  opming,  which  are  then 
distended  by  iollBtion  until  they  completely  block  a  certain  Icogih  of  the  iotenine.  The  loop 
thus  blocked  off,  having  been  previously  well  washed  out,  is  allowed  to  beconu  filled  with 
succus,  which  is  secreted  on  the  application  of  various  stimuli.  By  means  of  Bernard's  gaaric 
cannula  (3  165]  insetted  into  the  fistula  In  the  loop,  the  secretion  can  be  removed  when  desired] 

[Vella'B  Fiatula.— Open  the  belly  of  a  d{^,  and  pull  out  a  loop  {30  to  50  Mm.)  [iioiji  fe«1 
of  small  intestine,  and  ligature  it ;  divide  it  above  and  below,  and  re-est^liih  the  continuity  d 
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tbe  rest  of  the  intestine.  Stitch  both  ends  of  the  loop  of  intestine  into  the  wound  in  the  linea 
alba  (fig.  241,4),  so  that  there  is  a  loop  of  intestine  supplied  hj  its  blood-vessels  and  nerves, 
isolated,  and  with  an  upper  and  lower  aperture.] 

The  intestinal  juice  of  such  fistulas  flows  spontaneously  in  very  small 
amount,  and  is  increased  during  digestion ;  it  is  increased — especially  its  mucus 
^by  mechanical,  chemical,  and  electrical  stimuli ;  at  the  same  time,  the  mucous 
membrane  becomes  red,  so  that  100  centimetres  yield  13  to  18  grams  of  this 
juice  in  an  hour  (JThiry),  The  juice  is  light  yellow,  opalescent,  thin,  strongly 
alialine;  specific  gravity  loii ;  evolves  CO,  when  an  acid  is  added  ;  it  contains 
albumin,  ferments,  and  mucin — especially  the  juice  of  the  large  intestine.  Its 
composition  is — water,  97.59 ;  proteids,  0.80 ;  other  organic  substances  =  o.  73 ; 
salts,  0.88  per  cent. ;  amongst  these — sodium  carbonate,  0.32  to  0.34  per  cent. 

[The  intestinal  juice  obtained  by  Meade  Smith's  method  contained  only  0.39  per  cent,  of 
organic  matter,  and  in  this  respect  agreed  closely  with  the  juice  which  A.  Moreau  procured  by 
dividing  the  mesenteric  nerves  of  a  ligatured  loop  of  intestine.  The  secretion  of  the  large 
intesdne  b  much  more  viscid  than  that  of  the  small  intestine.] 

[Very  discordant  results  as  to  the  quantity  and  actions  of  the  intestinal  juice  have  been  ob- 
tiined  by  difTerent  observers.  Rohmann,  however,  working  with  a  Vella's  fistula  finds  that  the 
qnamity  of  secretion  obtained  depends  on  the  position  of  the  loop  of  intestine  isolated,  more 
mid  being  obtained  from  the  lower  than  from  the  upper  portion  of  the  gut.  The  fluid  of  the 
upper  porticos  yields  much  diastatic  ferment,  that  of  the  lower  only  traces.  Invertin  is  found  in 
the  upper  bat  not  in  the  lower  portions.  Demant  collected  some  human  intestinal  juice,  but  he 
foond  that  it  had  no  action  on  fibrin,  and  only  a  slight  action  on  boiled  starch.] 

Actions  of  Succus  Entericus. — It  is  most  active  in  the  dog,  and  in  other 
animals  it  is  more  or  less  inactive. 

(i)  It  is  less  diastatic  than  the  saliva  and  the  pancreatic  juice,  but  it  does 
not  form  maltose ;  while  the  juice  of  the  large  intestine  does  not  possess  this 
property  {Eichharsf). 

(2)  It  converts  maltose  into  grape-^ugar.  It  seems,  therefore,  to  continue  the 
diastatic  action  of  saliva  (§  148)  and  pancreatic  juice  (§  170),  which  usually 
form  only  maltose. 

According  to  Boorquelot  this  action  is  due  to  the  intestinal  schizomycetes  and  not  to  the  intes- 
tinal juice  as  such,  the  saliva,  gastric  juice,  or  invertin.  The  greater  part  of  tbe  maltose  appears, 
however,  to  be  absorbed  unchanged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pepsin — Kuhne)  peptonized  {Thiryy 
Leubt)  ;  less  easily  albumin  (^Masloff')^  fresh  casein,  flesh  raw  or  cooked,  vege- 
table albumin ;  probably  gelatin  also  is  changed  by  a  special  ferment  into  a 
solution  which  does  not  gelatinize  (^Eichhorst). 

(4)  Fats  are  only  partly  emulsionized  (Schijg^y  and  afterwards  decomposed 
(  Velld). 

(5)  According  to  CI.  Bernard  invertin  occurs  in  intestinal  juice  (this  fer- 
ment can  also  be  extracted  from  yeast).  It  causes  cane-sugar  (Ci,Hj,Hii)  to 
take  up  water  (-f-  H,0),  and  converts  it  into  invert-sugar,  which  is  a  mixture 
of  left  rotating  sugar  (Isevulose,  C«HisO«)  and  of  grape-sugar  (dextrose, 
CjHnO,)  (p.  351).     Heat  seems  to  be  absorbed  during  the  process. 

[Hoppe-Seyler  has  suggested  that  this  ferment  is  not  a  natural  product  of  the  body,  but  is  in- 
troduced from  without  with  the  food.  Matthew  Hay,  however,  finds  it  to  be  invariably  present 
in  the  small  intestine  of  the  foetus]. 

[Bunge  suggests  that  as  it  is  doubtful  if  it  has  any  digestive  action  on  food,  its  chief  im- 
pcmance  lies  in  the  sodic  carbonate  which  it  contains.  This  substance  neutralizes  the  acids  of 
the  intestinal  contents,  and  helps  to  emulsify  the  fats.] 

[Effect  of  Drug^  on  the  Succus  Entericus. — The  subcutaneous  injection  of  pilocarpin 
causes  the  mucous  membrane  of  a  Vetla^s  fistula  to  be  congested,  when  a  strongly  alkaline, 
opalescent,  watery,  and  slightly  albuminous  secretion  is  obtained.     This  secretion  produces  a 
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reduciDg  sugar,  converts  csDe-sngar  inlo  mvcrt-sugBT,  emalsiiies  neuDsl  &ts,  ultimately  splhdng 

them  up,  peptonizes  proteids,  and  coagulaiea  milk,  even  allhough  the  milk  be  alkaline.    The 

juice  atiacKB  the  sarcons  lubstaace  oT  muscle  before  the  connectiTr- 

"  tissues — the  reverse  of  the  gBstric  juice.    The  mucous  membrine  in 

a  Vella'l  trstula  does  not   ainiph;.     K.  B.  LehiDaDD  Hods  that  the 

Buccas  CDtericus  obtained  from  the  intEStioe  of  a  goat  by  a  Velli 

)  fistula  has  no  digeslive  action.] 

I      Th«  Action  of  Nerve*  on  the  secretion  of  the  intestinal 

'  juice  is  not  well  determined.     Section  or  siimalation  of  the  Tigi 

.    has  no  apparent  effect;  white  extirpation  of  the  large  sjrmpuhelic 

abdominal  ganglia  causes  the   intestinal  canal  10  be  filled  with  i 

watery  fluid,  and  gives  rise  to  diairhiEB.    This  may  be  explained  br 

ihe  paralysis  of  the  VBSo-motor  nerves,  and  also  by  ihe  section  of 

rig.  242.  Ui^e  lymphatic  vessels  during  the  operation,  whereby  absorptioo 

Scbemeof  Moreau's  experi-  is    interfered   with  and  Iransudalion  is   favored.      Moreau'a    Ei- 

ment  [Sfirling).  periment — Moreau  placed  four  ligatures  on  a  loop  of  intestine  >i 

equal   distances  from  each  joCher  (tig.  142).     The  ligatures  weit 

tied  so  that  three  loops  of  intestine  were  shut  off.    The  nerves  (N)  to  the  middle  loop  were 

divided,  and  the  intestine  was  replaced  in  the  abdominal  cavity.     Afto-  a  lime  a  very  small 

amount  of  secretion,  or  none  at  all,  was  found  in  two  of  the  ligatured  compartments  of  the  gat. 

1. 1.,  in  those  with  the  nerves  and  bloodvessels  intact  (l,  3),  but  the  computment  (z)  whose 

nerves  had  been  divided  contained  a  watery  secretion.     Perhaps  the  secretion  which  occurs  afie 

section  of  the  mesenteric  nerves  is  a  paralytic  secretion,     llie  secretion  of  the  intestinal  ind 

gastric  juices  is  diminished  in  man  in  certain  nervous  affections  (hysteria,  hypochondriasis,  and 

various  cerebral  diseases)  ;  while  in  other  conditions  these  secretions  are  increased. 

Excretion  of  Drugs. — If  ao  isolated  intesiinal  fistula  be  made,  and  various  drugs  adminis- 
teied,  the  mucous  membrane  excretes  iodine,  bromine,  lithium,  solphocyanides,  but  not  potassium 
ferrocyanide,  arsenious  or  boracic  aciil,  or  iron  salts. 

In  sucklings,  not  unfrequenlly  a  large  amount  of  acid  is  formed,  when  the  fungi  iu  the  in- 
testine split  up  milk-sugar  or  grape-sugar  into  lactic  acid  {Leube).  Starch  changed  inlo  grape- 
sugar  may  undergo  the  same  abnormal  process;  hence,  inbnts  ought  not  to  be  fed  with  statcbj 

[Pate  of  the  digestive  Ferments. — Langley  is  of  opinion  thai  the  digestive  ferments  are 
destroyed  in  the  intestinal  canal ;  the  diaslatic  ferment  of  the  saliva  is  destroyed  by  the  free  HO 
of  the  gastric  juice ;  pepsin  and  rennet  are  acted  upon  by  the  alkaline  sails  of  the  paikcreatic 
and  intestinal  juices,  and  by  trypsin  ;  while  the  diastatlc  and  peptic  ferments  of  the  pancreas  dis- 
appear under  the  influence  of  the  add  fermentation  in  the  lai^  intestine.     (See  Urine,  i  162.)] 

184.  FERMENTATION  IN  THE  INTESTINE.— Those  pro- 
cesses, which  are  to  be  regarded  as  fermentations  or  puirefaclive  processes,  are 
quite  different  from  those  caused  by  the  digestive  enzymes  or  ferments  jt»t 
considered.  [Lea  proposes  the  term  zymolysis  for  the  changes  brought  about 
by  unorganized  ferments,  in  contradistinction  to  the  results  produced  by 
organized  ferments,  such  as  yeast,  or  various  bacteria,]  The  putrefactive 
changes  are  connected  with  the  presence  of  lower  organisms,  so-called  fer- 
mentation- or  putrefaction-producers:  and  they  may  develop  in  suitable  media 
outside  the  body.  The  lowly  organisms  which  cause  the  intestinal  fermcn-  ■ 
tation  are  swallowed  with  the  food  and  drink,  and  also  with  the  saliva. 
When  they  are  introduced,  fermentation  and  putrefaction  begin,  and  gases  are 
evolved. 

Intestinal  Gases. — During  the  whole  of  the  foetal  period,  until  birth,  fer- 
mentation cannot  occur;  hence  gases  are  never  present  in  the  intestine  of  the 
newly-born.  The  first  air-bubbles  pass  into  the  intestine  with  the  saliva  which 
is  swallowed,  even  before  food  has  been  taken.  The  germs  of  organisms  are 
thus  introduced  into  the  intestine,  and  give  rise  to  the  formation  of  gases. 
The  evolution  of  intestinal  gases  goes  hand  in  hand  with  the  fermentations. 
Air  is  also  swallowed,  and  an  exchange  of  gases  takes  place  in  the  intestine, 
so  that  the  composition  of  the  intestinal  gases  depends  upon  various  conditions. 
Kolbe  and  Ruge  collected  the  gases  from  the  anus  of  a  man,  and  found  in  loo 
vols.  : — 
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I.  Air-bubbles  are  swallowed  with  the  food.  The  O  is  rapidly  absorbed  in 
ihe  intestinal  tract,  so  that  in  the  lower  part  of  the  large  intestine,  even  traces 
of  0  are  absent.  In  exchange,  the  blood-vessels  in  the  intestinal  wall  give  off 
CO,  into  (he  intestine,  so  that  part  of  the  CO.  in  the  intestine  is  derived  by 
diffusion  from  the  blood. 

1.  H,  CO,,  NH„  and  CH,  are  also  formed  from  the  intestinal  contents  by 
feraientation,  which  takes  place  even  in  the  small  intestine. 

Fung;!. — The  chief  agenu  in  ihe  production  of  feiTDeDtatiooi,  putrebction,  anii  other  similar 
decomptHitions  >re  undoubtedly  ibe  groap  of  fungi  called  Hssion  fungi  or  scbizomyceles. 
Tbef  ire  small  unicellular  oiganisina  of  various  foims — globular,  micracoccua  ;  short  rods, 
bacterium  1  long  rods,  bacillus  ;  or  ipiral  threads,  vibrio,  spirillunl,  apiiochKta  (fig.  32), 
The  mode  of  reproduction  is  bj'  division,  and  they  may  either  remain  single  or  unite  to  form 
cotooies.  Each  organism  is  nsnsUy  capable  of  some  degree  of  motion.  They  produce  pro- 
found chemical  changes  in  the  Quids  or  media  in  which  they  grow  and  multiply,  and  these 
chaises  depend  upon  the  vital  activity  oF  their  protoplasm.  These  minute  microscopic  organisms 
lake  certain  constilnents  from  the  "  nutrient  fluids  "  in  which  they  live,  and  use  them  partly  for 
building  up  tbeir  own  tissues  and  partly  for  their  own  metabolism.  In  these  processes,  some 
of  the  safatOances  so  absorbed  and  assimilated  undergo  chemical  changes,  some  fermtnts  seem 
thereby  to  be  produced,  which  in  their  turn  may  act  npon  material  present  in  the  nutridve 
fluid. 

These  fiingi  coruist  of  a  capsule  enclosing  protoplasmic  contents.  Many  of  them  are  provided 
vilb  excessively  delicate  cilia,  by  means  of  which  they  move  about.  The  new  organisms, 
produced  by  (he  division  of  pre-existing  ones,  sometimes  form  lai^e  colonies  visible  to  the  naked 
eye,  Ibe  individual  fungi  being  united  by  a  jelly-like  moss,  the  whole  constituting  loogloea. 
Id  some  fungi,  reproduction  takes  place  by  apores  ;  more  especially  when  the  nutrient  fluids  are 
DOor  in  nutritive  materials.  The  bacteria  form  longer  rods  or  tlireada.  which  ale  ioinled.  and 
b  joint  or  segment  small  ( l-z  /i)  highly  refractive  globules  o 

,,.  ,').     In  some  cases,  as  in  lie  ■"  "  ' "  ' -------   ->--   - 

spores  are  formed.     When  the 
envetope  of  the  motber-cell  is 
mplnied  or  destroyed,  (he  spore* 
■juidifthcyfallui 
itable  medium,  tJ 
genninate  and  reproduce  organ- 
isms similar  to  those  from  which  ifl'^ 
ibcy   sprang.     The    process  of    *  •« 
apore -production  is  illustrated         ' 
in  fig.  143  B,  7,  S,  9,  and  in  i , 
2<  J,  4  is  shown  the  process  of  ^  f 
germination  in  the  butyric  acid     _« 
fimgqs.    The    ^xires  are    very     •%'     ^      § 

lenacioas  of  life;  they  may  be     ' )   ^  I  DA 

dried,  when  they  resist  death  for  *  4         I  I 

1),  while  others  require  0        ^        ^     (^    ^^T 
the  exclusion  of  O  (nn^robea, 

Paitatr).       According    to    the  ^'fi-  *43- 

ptodncts  of   their   action,  they  P\.,  BacUrium  a(tti  in  the  form  of — cocci  (1);  diplococci  (l) ; 

are  classified  aa  follows : — Those  shoit  rods  (3];  and  jointed  threads  (4>  5)-     B,   Bacillui 

ihat    produce    fcrmentationa  butyrina — (l)  isolated  sn>re;  (2.3,4)  germinating  condi- 

(zymogeiuc  schizomycetea);  tion  of  the  spores;  (5,  6)  short  and  long  rods;  (7,  8,9) 

those   thai   produce   pigments  formation  of  spores  within  a  cellular  fitngus. 


a  very  long  time ;  some  of  them 

ate  killed  by  being  boiled.  Some    , 

hmgi  eihilnt  iheir  vital  activities  1  1  S 

only    in    the     presence     of    O  A  -*  * 
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(chromogenic) ;  those  that  produce  disagreeable  odors,  as  daring  putrefaction  (bromogenic) ; 
and  those  that,  when  introduced  into  the  living  tissues  of  other  organisms,  produce  pathological 
conditions,  and  even  death  (pathogenic).  All  these  different  kinds  occur  in  the  human  body. 
When  we  consider  that  numerous  fui^  are  introduced  into  the  intestinal  canal  with  the 
food  and  drink — that  the  temperature  and  other  conditions  within  this  tube  are  specially 
favorable  for  their  development;  that  there  also  they  meet  with  sufficient  pabulum  for  their 
development  and  reproduction — we  cannot  wonder  that  a  rich  crop  of  these  organisms  is  met 
with  in  the  intestine,  and  that  they  produce  there  numerous  fermentations. 

I.  Fermentation  of  Carbohydrates. — (i)  Bacillus  acidi  lactici 
consists  of  biscuit-shaped  cells,  1.5-3  f^  ^^  length,  arranged  in  groups  or  isolated. 
They  split  up  grape*sugar  into  lactic  acid : — 

I  grape-sugar  =  CeHuO,  =  2(C8H,08)  =  2  lactic  acid. 

Milk-sugar  (CigHnOu)  can  be  split  up  by  the  same  ferment,  causing  it  to  take 
up  H,0,  and  forming  2  molecules  of  grape-sugar,  2(C«Hi,06),  which  are  again 
split  into  4  molecules  of  lactic  acid  4(C8H«Os). 

TThis  fungus  and  its  spores  occur  everywhere  in  the  atmosphere,  and  are  the  cause  of  the 
spontaneous  acidification  and  subsequent  coagulation  of  milk  (J  230).  There  are  other  lactic 
acid-forming  fungi. 

(2)  Bacillus  Butyricus,  which  in  the  presence  of  starch  is  often  colored 
blue  by  iodine,  changes  lactic  acid  into  butyric  acid,  together  with  CO^  and  H 
(^Prazmowski). 

(  CiHgO,  =  I  butyric  acid. 
(CaHfO,)  lactic  acid  =  ■<  2(C0,)  =  2  carbon  dioxide. 

(^        4H  =  4  hydrogen. 

This  fungus  (fig.  243,  B)  is  a  true  anaerobe,  and  grows  only  in  the  absence  of  O.  The  lactic 
acid  fungus  uses  O  very  largely,  and  is,  therefore,  its  natural  precursor.  The  but3rric  acid 
fermentation  is  the  last  change  undergone  by  many  carbohydrates,  especially  by  starch  and 
inulin.     It  takes  place  constantly  in  the  faeces.     Some  other  fungi  have  a  similar  action. 

(3)  Certain  micrococci  cause  alcohol  to  be  formed  from  carbohydrates. 
The  presence  of  yeast  may  cause  the  formation  of  alcohol  in  the  intestine,  and 
in  both  cases  also  from  milk-sugar,  which  first  becomes  changed  into  dextrose. 

(4)  Bacterium  aceti  (fig.  243,  A)  converts  alcohol  into  acetic  acid  outside  the  body.  Alcohol 
(C,H,0)  -f  O  =  CjH^O  (Aldehyd)  -f  H,0.  Acetic  acid  (CjH^O,)  is  formed  from  aldehyd 
by  oxidation.  According  to  N^eli,  the  same  fungus  causes  the  formation  of  a  small  amount  of 
CO.  and  HjO.  As  the  acetic  fermentation  is  arrested  at  35^0., this  fermentation  cannot  occur 
in  the  intestine,  and  the  acetic  acid,  which  is  constantly  found  in  the  faeces,  must  be  derived  from 
another  source.  During  putrefaction  of  the  proteids,  with  exclusion  of  air,  acetic  acid  b  pro- 
duced {Nenckt). 

(5)  Starch  and  cellulose  are  partly  dissolved  by  the  schizomycetes  (Bac. 
butyricus  and  Vibrio  rugula)  of  the  intestine.  If  cellulose  be  mixed  with 
cloacal-mucus,  or  with  the  contents  of  the  intestine,  it  passes  into  a  saccharine 
carbohydrate  which  decomposes  into  equal  volumes  of  CO,  and  CH4  {Hoppe* 
Seyler), 

When  the  cellulose  envelopes  are  softened  and  dissolved  the  digestive  juices 
can  act  upon  the  enclosed  digestible  parts  of  the  grains  (^Tappeiner), 

[Digestion  of  Cellulose. — In  herbivora  40-60  per  cent,  of  the  cellulose 
taken  in  the  food  disappears  in  the  intestine.  None  of  the  digestive  juices  can 
digest  cellulose  so  long  as  putrefaction  does  not  take  place  in  the  digestive 
mixture.  The  maceration  of  the  cellulose  with  saliva  begins  in  the  paunch, 
but  the  chief  change  takes  place  in  the  caecum.  It  seems  that  first  a  sugar-like 
body  is  formed,  and  afterwards  this  may  be  split  up  into  CO2  and  CH4.  The 
putrefaction  of  cellulose  yields  large  quantities  of  CO,  and  CH4.] 

[Weiske  found  that  he  could  digest  a  considerable  quantity  of  the-wood-fibres  or  cdlulose  of 
carrots,  cabbage,  and  celery,  but  it  can  scarcely  be  regarded  as  a  food  for  man.  It,  however, 
acis  as  a  mechanical  stimulus  to  promote  peristalsb  of  the  intestine.     Hence  it  is  absolutely 
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essential  for  mimals  with  a  long  intestine,  e,  g,^  rabbits.  A  rabbit  fed  on  food  free  from  cellulose 
rapidly  dies,  because  the  onward  movement  of  the  intestinal  contents  ceases.  If  horn-parings 
be  added  to  the  food — which  are  quite  indigestible — nutrition  is  normal  in  rabbits ;  they  act  in 
a  purely  mechanical  manner  in  place  of  the  cellulose  {^Knierietn)^ 

(6)  Fungi,  whose  nature  is  unknown,  can  partly  transform  star(ih  (?  and  cel- 
lulose) into  sugar. 

(7)  Others  produce  the  ferment  invertin.  Invertin  can  change  cane-sugar, 
milk-sugar,  and  maltose  into  glucoses  (dextrose,  Is^vulose,  galactose)  (§  183, 
II,  5).     Yeast  has  a  similar  action  (§  183,  II,  5). 

CwHnCn      +      HjO      =     CgHiaOj      +      CjHijOe 
Cane-4Ugar.  Water.  Dextrose.  Lsevulose. 

II.  Fermentation  of  Fats  (§  251). — During  putrefaction,  organisms  of 
an  unknown  nature  cause  neutral  fats  to  take  up  water  and  split  into  glycerin 
and  their  corresponding  fatty  acid  (§  170).  Glycerin  is  capable  of  under- 
going several  fermentations,  according  to  the  fungus  which  acts  upon  it 
(§  351).  With  a  neutral  reaction,  in  addition  to  succinic  acid,  a  number  of 
fatty  acids,  H  and  CO,  are  formed. 

Fitz  found  that  the  hay-bacilius  (Bacillus  subtilis,  fig.  244)  formed  alcohol,  and  caproic, 
butyric,  and  acetic  acids  ;  in  other  cases,  especially  butylic  alconol,  van  de  Velde  found  butyric, 
lactic,  and  traces  of  succinic  add  with  CO 2,  H,0,  N. 

The  fatty  acids,  especially  as  chalk  soaps,  form  ah  excellent  material  for 
fermentation.  Calcium  formiate  mixed  with  cloacal-mucus  ferments  and  yields 
calcium  carbonate,  CO,  and  H  ;  calcium  acetate,  under  the  same  conditions, 
produces  calcium  carbonate  CO,  and  CH4.  Amongst  the  oxy-acids^  we  are 
acquainted  with  the  fermentations  of  lactic,  glycerinic,  malic,  tartaric,  and 
citric  acids. 

According  to  Fitz,  lactic  acid  (in  combination  with  chalk)  produces  propionic  and  acetic  adds, 
CO,,H,0.  Other  ferments  cause  the  formation  of  valerianic  acid.  Glycerinic  acid^  in  addition 
to  dcohol  and  sncdnic  add,  yields  chiefly  acetic  add ;  malic  acid  forms  succinic  and  acetic 
adds.     The  other  acids  above  enumerated  yield  somewhat  similar  products. 

III.  Fermentation  of  Proteids  (§  249). — The  undigested  proteids  and 
their  derivatives  appear  to  be  acted  upon  by  ftmgi.  Many  fission  fungi  (Bac. 
subtilis  and  the 
spirillum  of 
cheese),  however, 
can     produce    a 

peptonizing    for-  0        ^       ^      if 
menty  so    that   ^  «  t/ 

small  amount  of  i  ^  3  4 
the  peptonizing 
done  in  the  in- 
testine may  be 
due  to  microbes. 
This  however  has  Fig.  244. 

not  been  proved.  Bacillus  subtilis,  I,  spore;  2,  3,  4,  its  germination;  5,  6,  short  rods;  7, 
although  it  has  jointed  thread,  with  the  formation  of  spores  in  each  segment ;  8,  short 
been        rendered       rods,  some  of  them  containing  spores ;  9,  spores  in  single  short  rods ;  10, 

probable   by  the      ^""S"s  with  a  cilium. 
experiments  of  Vignal. 

We  have  already  seen  that  pancreatic  digestion  acts  upon  the  proteids,  form- 
ing, among  other  products,  amido-acids,  leucin,  tyrosin,  and  other  bodies 
(§  170,  II).  Under  normal  conditions,  this  is  the  greatest  decomposition 
produced  by  the  pancreatic  juice.  The  putrefactive  fermentation  of  the 
large  intestine  causes  further  and  more  profound  decompositions.     Leucin 
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CeHijNO,)  takes  up  two  molecules  of  water  and  yields  valerianic  acid 
CjHioOj),  ammonia,  COj  and  H^ ;  glycin  behaves  in  a  similar  manner. 
Tyrosin  (C^HnNOj)  is  decomposed  into  indol  (CgH^N),  which  is  constantly 
present  in  the  intestine  along  with  carbon  dioxide,  water,  and  H.  If  O  be  pres- 
ent, other  decompositions  take  place.  These  putrefactive  products  are  absent 
from  the  intestinal  canal  of  the  foetus  and  the  newly-bom.  During  the  putre- 
factive decomposition  of  proteids,  CO,,  H,S,  H,  and  CH4,  are  formed ;  the 
same  result  is  obtained  by  boiling  them  with  alkalies.  Gelatin,  under  the 
same  conditions,  yields  much  leucin  and  ammonia,  CO,,  acetic,  butyric,  and 
valerianic  acids,  and  glycin.  Mucin  and  nuclein  undergo  no  change.  Arti- 
ficial pancreatic  digestion-mixtures  rapidly  tend  to  undergo  putrefaction. 

The  substance  which  causes  the  peculiar  fecal  odor  is  produced  by  putrefaction,  bat  its 
nature  is  not  known.  It  clings  so  Hrmly  to  indol  and  skatol  that  these  substances  were  formerlj 
regarded  as  the  odorous  bodies,  hjit  when  they  are  prepared  pure  they  are  odorless  (Ba^<rr). 

Amongst  the  solid  substances  in  the  large  intestine  formed  only  by  putrt- 
faction  is  indol  (CeH^N),  a  substance  which  is  also  formed  when  proteids 
are  heated  with  alkalies,  or  by  superheating  them  with  water  to  200*^  C.  It  is 
the  stage  preceding  the  indican  in  the  urine.  If  the  products  of  the  digestion 
of  the  proteids — the  peptones — are  rapidly  absorbed,  there  is  only  a  slight 
formation  of  indol ;  but  when  absorption  is  slight,  and  putrefaction  of  the  pro- 
ducts of  pancreatic  digestion  occurs,  much  indol  is  formed,  and  indican  appears 
in  the  urine. 

Jaff6  found  much  indican  in  the  urine  in  strangulated  hernia,  and  when  the  small  intestiae 
was  obstructed  (J  262,  i). 

Reactions  for  Indol. — Acidulate  strongly  with  HCl,  and  shake  vigorously  after  adding  a  few 
drops  of  turpentine.  If  there  be  an  intense  red  color,  the  pigment  is  removed  by  ether.  The 
substance — protein-chromogen — which  is  formed  after  the  digestion  of  fibrin  by  trypsin,  and 
which  gives  a  violet  color  with  bromine  water  (J  170,  II),  can  be  removed  by  chloroform.  In 
addition  to  the  last  pigment,  there  is  a  second  one,  which  passes  over  during  distillation,  and 
which  can  be  extracted  from  the  distillate  by  ether.  Both  substances  seem  to  belong  to  the 
indigo  group  (^Krukenberg). 

A.  Bayer  prepared  indigo-blue  artificially  from  ortho-phenyl-propionic  acid,  by  boiling  with 
dilute  caustic  soda,  after  the  addition  of  a  little  grape-sugar.  He  obtained  indol  and  skatol  frooi 
indigo*blue.  Hoppe-Seyler  found  that  on  feeding  rabbits  with  ortho-nitrophenyl-propionic  add* 
mu(^  indican  was  present  in  the  urine. 

Phenol  (CeH«0)  is  formed  during  putrefaction  in  the  intestine,  and  it  is 
also  formed  when  fibrin  and  pancreatic  juice  putrefy  outside  the  body,  while 
Brieger  found  it  constantly  in  the  faeces.  It  seems  to  be  increased  by  the  same 
circumstances  that  increase  indol,  as  an  excess  of  indican  in  the  urine  is  accom- 
panied by  an  increase  of  phenylsulphuric  acid  in  that  fluid  (§  262). 

From  putrer3ring  flesh  and  fibrin,  amido-phenylpropionic  acid  is  obtained,  as  a  decompositioo- 
product  of  tyrosin.  A  part  of  this  is  transformed  by  putrefactive  ferments  into  hydrodnnamic 
acid  (phenylpropionic  acid).  The  latter  is  completely  oxidized  in  the  body  into  benzoic  acid^ 
and  appears  as  hippuric  acid  in  the  urine.  Thus  is  explained  the  formation  of  hipporic  add 
from  a  purely  albuminous  diet. 

Skatol  (C9H9N  ^=  methylindol)  is  a  constant  human  faecal  substance,  and 

has  been  prepared  artificially  by  Nencki  and  Secretan  from  egg-albumin,  by 

allowing  it  to  putrefy  for  a  long  time  under  water.     It  also  appears  in  the  urine 

as  a  sulphur  compound.     The  ex  cretin  of  human  faeces,  described  by  Marcet, 

is  related  to  cholesterin,  but  its  history  and  constitution  are  unknown. 

According  to  Salkowski,  skatol  and  indol  are  both  formed  from  a  common  substance  whicb 
exists  preformed  in  albumin,  and  which,  when  it  is  decomposed,  at  one  time  yields  more  indoU 
at  another  skatol,  according  as  the  hypothetical  "indol Jungus"  or  **skatol fungus,^^  is  the  more 
abundant. 

It  is  of  the  utmost  importance,  in  connection  with  the  processes  of  putrefiac- 
tion,  to  determine  whether  they  take  place  when  oxygen  is  excluded,  or  ooi. 
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When  0  is  absent,  reductions  take  place ;  oxy-acids  are  reduced  to  fatty 
acids,  and  hydrogen,  marsh-gas,  and  HaS  are  formed  ;  while  the  H  may  pro- 
duce further  reductions.  If  O  be  present,  the  nascent  H  separates  the  mole- 
cule of  free  ordinary  oxygen  (=  Oj)  into  two  atoms  of  active  oxygen  (=  O). 
Water  is  formed  on  the  one  hand,  while  the  second  atom  of  O  is  a  powerful 
oxidizing  agent  {Hoppe-SeyUr), 

It  is  remarkable  that  the  putrefactive  processes,  after  the  development  of  phenol,  indol,  skatol, 
cresol,  phenyl  propionic  and  phenylacetic  acids  are  subsequently  limited,  and  after  a  certain  con- 
centration of  the  fluid  with  these  bodies  is  reached,  the  putrefactive  processes  cease  altogether. 
The  putrefactive  process  produces  antiseptic  substances  which  kill  the  micro-organisms,  so  we 
may  assume  that  these  substances  limit  to  a  certain  extent  the  putrefactive  processes  in  the 
intestine. 

The  reaction  of  the  small  intestine  immediately  below  the  stomach  is 
acid,  but  the  pancreatic  and  intestinal  juices  cause  a  neutral  and  afterwards  an 
alkaline  reaction,  which  obtains  along  the  whole  small  intestine.  In  the  large 
intestine,  the  reaction  of  its  wall  is  alkaline,  but  the  contents  are  generally 
acid,  on  account  of  the  acid  fermentation  and  the  decomposition  of  the  ingesta 
and  the  faeces. 

[R6le  of  micro-organisms  in  the  intestine. — It  is  to  be  remembered 
that  micro-organisms  exist  throughout  the  entire  intestinal  tract.  Numerous 
microbes  have  been  found  in  the  saliva  (p.  260),  stomach  (p.  358),  and  small 
.intestine  (p.  349).  From  the  normal  intestinal  mucus  Babes  has  isolated  five 
species  of  bacteria,  while  an  enormous  number  of  micro-organisms  exist  in  the 
large  intestine  and  faeces  (p.  356).  Vignal  calculates  their  number  at  20 
millions  per  decigram  of  faeces.  All  these  organisms  resist  the  action  of  the 
digestive  juices,  save  a  few  which  are  dissolved  by  the  gastric  juice. 

The  researches  of  Duclaux,  Vignal,  and  others  have  shown  that  certain  of 
these  micro-organisms  secrete  soluble  ferments  identical  in  their  action  with 
the  ferments  of  the  digestive  juices.  Vignal  states  that  certain  of  these  organ- 
isms contribute  to  the  dissolution  of  food  in  the  intestine.  It  is  certain  that 
they  contribute  to  many  processes  of  fermentation  and  decomposition  which  go 
on  in  the  intestine.  During  foetal  life  these  organisms  are  wanting,  but  they 
are  numerous  a  few  days  after  birth  {Beaunis).  In  this  connection  one  cannot 
fail  to  remember  that  bacteria  by  their  action  can  produce  in  albuminous  fluids 
alburooses  and  p)eptones,  and  that  the  former  bodies  are  now  regarded  by  bac- 
teriologists as  substances  which  play  an  important  rdle  in  many  pathological 
processes.] 

X85.  PROCESSES  IN  THE  LARGE  INTESTINE— Within  the 
large  intestine,  the  fermentative  and  putrefactive  processes  are  certainly  more 
prominent  than  the  digestive  processes  proper,  as  only  a  very  small  amount 
of  the  intestinal  juice  is  found  in  it.  The  absorptive  function  of  the  large 
intestine  is  greater  than  its  secretory  function,  for  at  the  beginning  of  the  colon 
its  contents  are  thin  and  watery,  but  in  the  further  course  of  the  intestine  they 
become  more  solid.  Water  and  the  products  of  digestion  in  solution  are  not 
the  only  substances  absorbed,  but  under  certain  circumstances,  unchanged  fluid 
egg-albumin,  milk  and  its  proteids,  flesh  juice,  solution  of  gelatin,  myosin  with 
common  salt,  may  also  be  absorbed.  Experiments  with  acid-albumin,  syntonin, 
or  blood-serum  gave  no  result.  Toxic  substances  are  certainly  absorbed  more, 
rapidly  than  from  the  stomach.  [In  the  dog  the  secretion  of  the  large  intestine 
has  no  digestive  properties,  but  fats  are  absorbed  in  it.  Klug  and  Koreck 
regard  its  Lieberkiihnian  glands  not  as  secreting-  but  as  absorbing-structures.] 
The  fsecal  matters  are  formed  or  rather  shaped  in  the  lower  part  of  the  gut. 
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The  caecum  of  many  animals,  e,g.,  rabbit,  is  of  considerable  size,  and  in  it 
fermentation  seems  to  occur  with  considerable  energy,  giving  rise  to  an  acid- 
reaction.  In  man,  the  chief  function  of  the  caecum  is  absorption,  as  is  shown 
by  the  great  number  of  lymphatics  in  its  walls.  From  the  lower  part  of  the 
small  intestine  and  the  caecum  onwards,  the  ingesta  assume  the  faecal  odor. 

[Heidenhaio  found  that  in  an  excised  loop  of  intestine,  as  in  a  Vella^s  Bstala,  bat  where  the 
two  ends  of  the  loop  were  stitched  together  and  returned  to  the  abdomen,  after  sereral  weeks 
the  closed  loop  of  gut  was  found  to  contain  a  faecal-like  mass.  It  is  evident,  therefore,  that  tbe 
secretion  of  the  large  intestine  must  contribute  matters  to  the  feces.] 

The  amount  of  faeces  is  about  [5  oz.  or]  170  grms.  (60  to  250  gnns,) 
in  twenty-four  hours;  but  if  much  indigestible  food  be  taken,  it  may  be  as 
much  as  500  grms.  The  amount  is  less,  and  the  absolute  amount  of  solids 
is  less,  after  a  diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.  The 
faeces  are  rendered  lighter  by  the  evolution  of  gases,  and  hence  they  float  in 
water. 

The  consistence  depends  on  the  amount  of  water  present — usually  about 
75  per  cent.  The  amount  of  water  depends  partly  on  the  food — pure  flesh  diet 
causes  relatively  dry  faeces,  while  substances  rich  in  sugar  yield  faeces  with  a 
relatively  large  amount  of  water.  The  quantity  of  water  taken  has  no  effect 
upon  the  amount  of  water  in  the  faeces.  But  the  energy  of  the  f>eristalsis  has. 
The  more  energetic  the  peristalsis  is,  the  more  watery  the  faeces  are,  because 
sufficient  time  is  not  allowed  for  absorption  of  the  fluid  from  the  ingesta. 
Paralysis  of  the  blood-  and  lymph-vessels,  or  section  of  the  nerves,  leads  to  a 
watery  condition  of  the  faeces  (§  183). 

The  reaction  is  often  acid,  in  consequence  of  lactic  acid  being  developed 
from  the  carbohydrates  of  the  food.  Numerous  other  acids  produced  by  putre- 
faction are  also  present  (§  184).  If  much  ammonia  be  formed  in  the  lower 
part  of  the  intestine,  a  neutral  or  even  alkaline  reaction  may  obtain.  A  copiois 
secretion  of  mucus  favors  the  occurrence  of  a  neutral  reaction. 

The  odor,  which  is  stronger  after  a  flesh  diet  than  after  a  vegetable  diet,  is 
caused  by  some  faecal  products  of  putrefaction,  which  have  not  yet  been 
isolated ;  also  by  volatile  fatty  acids  and  by  sulphuretted  hydrogen,  when  they 
are  present. 

The  color  of  the  faeces  depends  upon  the  amount  of  altered  bile-pigments 
mixed  with  them,  whereby  a  bright  yellow  to  a  dark  brown  color  is  obtamed. 


The  color  of  the  food  is  also  of  importance.  If  much  blood  be  present  in  the  food,  the 
are  almost  brownish -black  from  hsematin ;  green  vegetables  =  brownish-green  from  chkvophyll ; 
bones  {dojs^)  =:  white  from  the  amount  of  lime ;  preparations  of  iron  =  black  from  the  iorina- 
tion  of  sulphide  of  iron. 

The  faeces  contain — 

(i)  The  unchanged  residues  of  animal  or  vegetable  tissues  used  as  food; 
hairs,  horny  and  elastic  tissues ;  most  of  the  cellulose,  woody  fibres,  spir^ 
vessels  of  vegetable  cells,  gums. 

(2)  Portions  of  digestible  substances,  especially  when  these  have  been 
taken  in  too  large  amount,  or  when  they  have  not  been  sufficiently  broken  up 
by  chewing.  Portions  of  muscular  fibres,  ham,  tendon,  cartilage,  panicles  of 
fat,  coagulated  albumin — vegetable  cells  from  potatoes  and  other  vegetable 
raw  starch,  etc.  (fig,  245). 

All  food  yields  a  certain  amount  of  residue — white  bread,  3.7  per  cent;  rice,  4.1  per 
flesh,  4.7  per  cent. ;  potatoes,  9.4  per  cent. ;  cabbage,  14.9  per  cent. ;  black  bread,  15  per 
yellow  turnip,  20.7  per  cent.  (JRubner), 
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(3)  The  decomposition-products  of  the  bile-pigments,  which  do  not  now 
give     Gmelin's 

reaction;  as 
well  as  the  al- 
tered bile -acids 
(§177,0-  This 
reaction,  how- 
ever, may  be  ob- 
tained in  patho- 
logical stools, 
especially  in 
those  of  a  green 
color;  unaltered 
bilirubin,  bili- 
verdin,  glyco- 
cholic  and  tau- 
rocholic     acids 

occur  in  meco-  _. 

nium  a  18a).  ^'^-  ^5- 

Fxces.    a,  mascnlar  fibres;  i,  tendon;  f,  epithelium)  </,  leucocytes ;  e-i, 
FMacMunn  found       different  forios  of  vegetable  cells  and  between  the  whole  d 
no  unchanged  bile-       ""*■  '■     Between  A  and  i,  yeast ;  :*,  triple  phosphate. 
ragments     in     the 

fxctt.     A  substance  called  stercobilin  i 
has  been  called  "  febrile"  urobilin,  but  il 

(4)  Unchanged  mucin  and  nuclein — the  latter  occasionally  after  a  diet 
of  bread,  together  with  partially  disintegrated  cylindrical  epithelium  from  the 
intestinal  canal,  and  occasionally  drops  of  oil.  Cholesterin  is  very  rare.  [Ten 
grains  of  a  substance,  stercorin,  said  to  be  a  modification  of  cholesterin,  occur 
in  the  fieces  {Flint).^  The  less  the  mucus  is  mixed  with  the  fasces,  the  lower 
the  pan  of  the  intestme  from  which  it  is  derived  f^Nothnagel). 

(5)  After  a  milk  diet,  and  also  after  a  fatty  diet,  crystalline  needles  of  lime 
combined  with  fatty  acids  and  chalk  soaps  constantly  occur,  even  in  sucklings 
( Wegscheider).  Even  unchanged  masses  of  casein  and  fat  occur  during  the 
milk  cure.  Compounds  of  ammonia,  with  the  acids  mentioned  as  the  result  of 
putrefaction  (§  184,  III),  belong  to  the  faecal  matters  {Brieger).    ' 

(6)  Amongst  inorganic  residues,  soluble  salts  rarely  occur  in  the  fKces 
because  they  diffuse  readily,  f.  g.,  common  salt,  and  the  other  alkaline  chlo- 
rides, the  compounds  of  phosphoric  acid,  and  some  of  those  of  sulphuric  acid. 
The  insoluble  compounds— of  which  ammoniaco-magnesic  or  triple  phos- 
phate {fig.  245,  A),  neutral  calcic  phosphate,  yellow-colored  lime  salts,  calcium 
carbonate,  and  magnesium  phosphate  are  the  chief — form  70  per  cent,  of  the  . 
ash.  Some  of  these  insoluble  substances  are  derived  from  the  food,  as  lime 
from  bones,  and  in  part  they  are  excreted  after  the  food  has  been  digested,  as 
ashes  are  eliminated  from  food  which  has  been  burned. 

Concretions. — The  excretion  of  inorganic  substances  is  sometimes  so  great  that  they  form 
incnulations  around  other  fxcal  matters.  Usually  ammonisco-m^nesic  phosphate  occurs  in 
large  crystals  by  itself,  or  it  may  be  mixed  with  magoesium  phosphate. 

(7)  Micro-organisms. — A  considerable  portion  of  normal  faecal  matter 
consists  of  micrococci  and  raicrobacteria ;  yeast  is  seldom  absent  {Frerichs, 
JVc/hnagei'). 

To  isolate  the  individual  fungi,  Escherich  has  made  pure  cultivations  from  the  intestinal 
contents  of  sucklings,  and  Bienstock  from  aduhs.  In  the  intestine  of  sucklings  which  have 
been  nourished  entirely  on  their  molher'a  milk,  the  Baderium  laetU  alrogenes  (fig.  246,  2) 
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causes  the  lactic  acid  fermentation  and  the  evolution  of  CO,  and  H,  in  the  upper  pan  of 
the  canal  where  some  milk-sugar  is  still  unabsorbed.     In  the  evacuations  is  the  characteristic 
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Fig.  246. 

I,  Bacterium  coli  commune;  2,  bacterium  lactis  airogenes;  3  and  4,  the  large  bacilli  r^f 
Bienstock,  with  partial  endogenous  spore- formation;  5,  the  various  stages  in  the  develop- 
ment of  the  bacillus  which  causes  the  fermentation  of  albumin. 

slender  Bacterium  coli  commune  (fig.  246,  i).      In  addition,  occasionally  there  are  other 
bacilli,  cocci,  spores  of  yeast,  and  a  mould. 
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AnKfMrtie  f^9nt  j^  ^j^^  ^^^  ^f  ^  ^^^^^  Bienstock  detected  two 

mik  eoaguittlng  fitrment    large    forms    of   bacilli    ffig.    246,   3,    4),    closely 

/^p»//»  resembling  Bacillus  subtilis  in  form  and   sixe,  bet 

Tryptln  distinguished  from  it  only  by  the  form  of  its  pore 

. —  BMottriM  cultivation,  by  the   mode  of  growth  of   its  spores, 

p.  and  by  the  absence  of  movements.    These  two  forms 

*g"  *47-  ^jun  jj^  distinguished  microscopically  by  the  mode  of 

Reaction  of  the  contents  of  the      their  cultivation,  which  is  either  in  the  form  of  a 

intestinal  tract.  grape  or  a  flat  membrane.    These  two  do  not  cxtke 

a  fermentative  action.  A  third  micrococcus-Hke. 
small,  very  slowly-developing  bacillus  occurs  in  three-fourths  of  all  stools.  A  fourth  kmd 
(absent  in  sucklings)  is  the  specific  bacillus  ({184,  II H,  causing  the  decomposition  of  albmnic^ 
resulting  in  the*  products  of  putrefaction  and  a  faecal  odor.  This  is  the  only  bacillus  that 
excites  these  processes  in  the  intestine ;  but  it  does  not  decompose  casein  and  alkali-albomip 
In  fig.  246,  5,  tf-^,  the  stages  in  the  development  of  this  bacillus  are  represented,  bat  the 
stages  firom  r  to  ^  are  absent  in  the  faeces,  and  are  found  only  in  artificial  cultivations. 

If  the  faeces  are  simply  investigated  microscopically  and  without  special  precaotioos,  there 
are  other  fungi,  some  of  which  may  be  introduced  through  the  anus.  In  stools  that  contain 
much  starch,  the  bacillus  butyricus,  which  is  tinged  blue  with  iodine,  occurs  ({  184),  and  other 
small  globular  or  rod-like  fungi,  which  give  a  similar  reaction  {^Noiknagel^  Uffdmann). 

The  changes  of  the  intestinal  contents  have  been  studied  on  persons  with  an  acctdcai&i 
intestinal  fistula,  or  an  artificial  anus. 

[The  preceding  scheme  (fig.  247),  firom  Krukenberg  shows  graphically  the  reaction  of  the 
contents  of  the  various  parts  of  the  alimentary  canal,  and  also  the  distribution  of  the  fer- 
ments.] 

186.  PATHOLOGICAL  VARIATIONS.— A.  The  taking  of  food  may  be  mteHcrvd 

with  by  spasm  of  the  muscles  of  mastication  (usually  accompanied  by  general  spasms),  stiiciuig 
of  the  oesophagus,  by  cicatrices  after  swallowing  caustic  fluids  (e.  g.,  caustic  potash,  mtnenl 
acids),  or  by  the  presence  of  a  tumor,  such  as  cancer.  Inflammation  of  all  kinds  in  the  moati 
or  phar3mx  interferes  with  the  taking  of  food.  Inability  to  swallow  occurs  as  part  of  the  geoera^ 
phenomena  in  disease  of  the  medulla  oblongata,  in  consequence  of  paralysis  of  the  motor  cenrre 
(superior  olives)  for  the  facial,  vagus,  and  hypoglossal  nerves,  and  also  for  the  afiRetent  or 
sensory  fibres  of  the  glosso-pharyngeal,  vagus,  and  trigeminus.  Stimulation  or  aboomkal 
excitation  of  these  parts  causes  spasmodic  swallowing,  and  the  disagreeable  feeling  of  a  coo 
striction  in  the  gullet  (globus  hjrstericus). 
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B.  The  secretion  of  saliva  is  diminished  during  inflammation  of  the  salivary  glands ; 
occlusion  of  their  ducts  by  concretions  (salivary  calculi) ;  also  by  the  use  of  atropin,  daturin, 
and  during  fever,  whereby  the  secretory  (not  the  vaso-motor)  fibres  of  the  chorda  appear  to  be 
paralyzed  ({  145).  When  the  fever  is  very  high,  no  saliva  is  secreted.  The  saliva  secreted 
during  moderate  fever  is  turbid  and  thick  and  usually  acid.  As  the  fever  increases,  the  diastatic 
action  of  the  saliva  diminishes.  The  secretion  is  increased  by  stimulation  of  the  buccal 
nerves  (inflammation,  ulceration,  trigeminal  neuralgia),  so  that  the  saliva  is  secreted  in  great 
quantity.  Mercury  and  jaborandi  cause  secretion  of  saliva,  the  former  causing  stomatitis,  which 
excites  the  secretion  of  saliva  reflexly.  Even  diseases  of  the  stomach  accompanied  by  vomit- 
ing cause  secretion  of  saliva.  A  very  thick  tenacious  sympathetic  saliva  occurs  when  there  is 
violent  stimulation  of  the  vascular  system  during  sexufd  excitement,  and  also  during  certain 
psychical  conditions.  The  reaction  of  the  saliva  is  acid  in  catarrh  of  the  mouth ;  in  fever,  in 
consequence  of  decomposition  of  the  buccal  epithelium ;  and  in  diabetes  mellitus,  in  consequence 
of  add  fermentation  of  the  saliva  which  contains  sugar.  Hence,  diabetic  persons  often  suffer 
from  carious  teeth.  Unless  the  mouth  of  an  infant  be  kept  scrupulously  clean,  the  saliva  is  apt 
to  become  acid. 

C.  Disturbances  in  the  activity  of  the  musculature  of  the  stomach  maybe  due  to  paralysis 
of  the  muscular  layers,  whereby  the  stomach  becomes  distended,  and  the  ingesta  remain  a  long 
time  in  it.  A  special  form  of  paralysis  of  the  stomach  is  due  to  non-closure  of  the  pylorus 
{EbstHn),  This  may  be  due  to  disturbances  of  innervation  of  a  central  or  peripheral  nature, 
or  there  may  be  actual  paralysis  of  the  pyloric  sphincter,  or  anaesthesia  of  the  pyloric  mucous 
membrane,  which  acts  reflexly  upon  the  sphincter  muscle ;  and  lastly,  it  may  be  due  to  the 
reflex  impulse  not  being  transferred  to  the  efferent  fibre  within  the  nerve-centre.  Abnormal 
activity  of  the  gastric  musculature  hastens  the  passage  of  the  ingesta  into  the  intestine ;  vomit- 
ing often  occurs. 

D.  Gastric  digestion  is  delayed  by  violent  bodily  or  mental  exerdse,  and  sometimes  it  is 
arrested  altogether.  Sudden  mental  excitement  may  have  the  same  effect.  These  efforts  are 
very  probably  caused  through  the  vaso-motor  nerves  of  the  stomach.  Feeble  and  imperfect 
digestion  may  be  of  a  purely  nervous  nature  ( Dyspepsia  nervosa — Leube  ;  Neurasthenia  gastrica 
— Burkart).  An  excessive  formation  of  acid  may  be  due  to  nervous  disturbance,  and  is  called 
**  nervous  gastroxynsis,"  by  Rossbach. 

[Action  of  Alcohol,  Tea,  etc.,  in  Digestion. — According  to  J.  W.  Fraser,  all  infused 
beverages,  tea,  coffee,  cocoa,  retard  the  peptic  digestion  of  proteids,  with  few  exceptions.  The 
retarding  action  is  less  with  coffee  than  with  tea.  The  tannic  acid  and  volatile  oil  seem  to 
be  the  retarding  ingredients  in  teas.  Distilled  spirits — brandy,  whisky,  gin — have  but  a 
trifling  retarding  effect  on  the  digestive  processes;  and  when  one  considers  their  action  on  the 
secretory  glands,  it  follows  that  in  moderate  dietetic  doses  they  promote  digestion.  Wines  are 
highly  inimical  to  salivary  digestion,  but  this  is  due  to  their  acidity ;  and  this  effect  can  be 
renooved  by  the  addition  of  an  alkali.  Wines  retard  peptic  digestion,  the  sparkling  less  than  the 
still  wines.  Tea  has  an  intensely ' inhibitory  action  on  salivary  digestion;  in  fact,  a  small 
quantity  paralyzes  the  action  of  saliva,  while  coffee  has  only  a  slight  effect.  This  action  of  tea 
is  due  to  the  tannin.  Tea,  coffee,  and  cocoa  all  retard  peptic  digestion,  when  they  form  20  per 
cent-  of  the  digestive  mixture  ( W,  Robtris).'] 

[Action  of  Bile  on  Gastric  Digestion. — The  passage  of  bile  into  the  stomach  in  cases  of 
gastric  fistula  in  man,  or  the  introduction  of  large  quantities  of  bile  into  the  stomach  of  dogs, 
contrary  to  what  is  usually  stated,  does  not  interfere  with  the  gastric  digestion  of  proteids 
{Herztn^  Dasire,  Oddi).     Bile,  however,  added  to  artificial  digests  retards  the  process  (p.  305).] 

Inflammatory  or  catarrhal  affections  of  the  stomach,  as  well  as  ulceration  and  new  forma- 
tions, interfere  with  digestion,  and  the  same  result  is  caused  by  eating  too  much  food  which  is 
diflicult  of  digestion,  or  taking  too  much  highly  spiced  sauce  or  alcohol.  In  the  case  of  a  dog 
suffering  from  chronic  gastric  catarrh,  Griitzner  obsierved  that  the  secretion  took  place  continuously, 
and  that  the  gastric-juice  contained  little  pepsin,  was  turbid,  sticky,  feebly  acid,  and  even  alka- 
line. The  introduction  of  food  did  not  alter  the  secretion,  so  that  in  this  condition  the  stomach 
really  obtains  no  rest.  The  chief  cells  of  the  gastric-glands  were  turbid.  Hence,  in  gastric 
catarrh,  we  ought  to  eat  frequently,  but  take  little  at  a  time,  while  at  the  same  time  dilute  hydro- 
chloric acid  ought  to  be  administered  (0.4  per  cent.).  Small  doses  of  common  salt  seem  to  aid 
digestion. 

[Absence  of  HCl. — HCl  is  almost  alwa3rs  absent  in  carcinoma  of  the  stomach  [van  de 
yeide\  smnyloid  degeneration  of  the  gastric  mucous  membrane  [Edinger)^  and  sometimes  in 
fever.  In  all  these  cases  the  acid-reaction  is  due  to  lactic  or  butyric  acid.]  The  absence  of  HCl 
in  cancer  of  the  stomach  is  an  important  diagnostic  and  prognostic  symptom.  It  is  not  absent  in 
simple  dilatation  of  the  stomach.  Test  the  contents  of  the  stomach  for  free  HCl  with  tropaeolin 
(red  color),  methyl-violet  (blue),  and  with  ferric  chloride  and  carbolic  acid  (6J^^/maM»).  ^ 
per  cent,  of  free  HCl  causes  the  amethyst-blue  of  the  last  to  become  steel -grey,  while  somewhat 
more  discharges  the  color  altogether.  ^In  testing  for  the  presence  of  free  lactic  acid  in  the 
gastric  contents  use  Uffelmann's  reaction  ({  163).    The  lactic  acid  is  easily  extracted  by  ether 
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firom  the  gastric  contents,  and  the  reaction  can  then  be  performed  with  the  residoe  obtained  after 
evaporating  the  ether.  A  solution  of  i  drop  of  the  liqoor  perchloride  in  50  c.c.  of  water  is  nude 
yellow  by  lactic  acid.] 

Feeble  digestion  may  be  caused  either  by  imperfect  formation  of  acid  or  pepsin,  so  that  btxb 
substances  may  be  administered  in  such  a  condition.  [It  may  also  be  due  to  deficient  moscnlar 
power  in  the  wall  of  the  stomach.]  In  other  cases,  lactic,  butyric,  and  acetic  acids  are  fonied, 
owing  to  the  presence  of  lowly  organisms.  In  such  cases,  small  doses  of  salicylic  acid,  together 
with  some  hydrochloric  acid,  are  useful.  Pepsin  need  not  be  given  often,  as  it  is  rarely  mbstoi, 
even  from  the  diseased  gastric  mucous  membrane.  Albumin  has  been  found  in  the  gastric-joice 
in  cases  of  gastric  catarrh  and  cholera. 

E.  Digestion  during  Fever  and  Anaemia. — Beaumont  found  that  in  the  case  of  Alexis  S^ 
Martin,  when  fever  occurred,  a  small  amount  of  gastric-juice  was  secreted;  the  mucous 
membrane  was  dry,  red,  and  irritable.  Dogs  suffering  from  septicaemlc  fever,  or  rendered 
anaemic  by  great  loss  of  blood,  secrete  gastric-juice  of  feeble  digestive  power  and  containing 
little  acid  (Manassein).  [In  acute  diseases  accompanied  by  fever,  the  inner  cells  of  the  fundus- 
glands  of  the  human  stomach  may  disappear  (C.  -^upjfer).']  Hoppe-Seyler  investigated  the 
gastric-juice  of  a  typhus  patient,  in  which  van  de  Velde  found  no  free  acid.  Usually  no  free 
hydrochloric  acid  is  found  in  cancer  of  the  stomach.  The  gastric-juice  of  the  typhus  patient 
did  not  digest  artificially,  even  after  the  addition  of  hydrochloric  acid.  The  diminution  of  acid. 
under  these  circumstances,  favors  the  occurrence  of  a  neutral  reaction,  so  that,  on  the  one  hand, 
digestion  cannot  proceed,  and  on  the  other,  fermentative  processes  (lactic  and  butyric  add 
fermentations  with  the  evolution  of  gases)  occur.  These  results  are  associated  with  the  presence 
of  micro-organisms  and  Sarcina  ventriculi  ( Goodsir),  Uffelmann  found  that  the  secretion  of 
a  peptone- forming  gastric  juice  ceased  in  fever,  when  the  fever  is  severe  at  the  outset,  when  a 
feeble  condition  occurs,  or  when  the  temperature  is  very  high.  The  amount  of  juice  secreted  is 
certainly  diminished  during  fever.  The  excitability  of  ihe  mucous  membrane  b  increased  so 
that  vomiting  readily  occurs.  The  increased  excitability  of  the  vaso-motor  nerves  during  fever 
is  disadvantageous  for  the  secretion  of  the  digestive  fluids  (Heidenhain),  Beaumont  observed 
that  fluids  are  rapidly  absorbed  from  the  stomach  during  fever,  but  the  absorption  of  peptones  \s 
diminished  on  account  of  the  accompanying  catarrhal  condition  of  the  stomach,  and  the  altered 
functional  activity  of  the  muscularis  mucosae  iLeube). 

Many  salts,  when  given  in  large  'amount,  aisturb  gastric  digestion,  e.g.^  the  sulphates.  \Vbik 
the  alkaloids,  morphia,  strychnia,  digitalin,  narcotin,  veratria  have  a  similar  action,  qainine 
favors  it  ( Wolberg).  In  some  nervous  individuals  '*  peristaltic  unrest  of  the  stomach,"  conjoined 
with  a  dyspepdc  condition,  occurs  {/JTussman).  [Prosser  James  directs  attention  to  the  value  tA 
peptic  and  pancreatic  salts,  which  are  preparations  of  common  salt  mixed  with  pepsin  smd  the 
ferments  of  the  pancreas  respectively.] 

[Artificial  Digestion  is  affected  by  various  salts,  according  to  their  nature  and  diluti<Mi.  The 
digestion  oi  fibrin  by  pepsin  goes  on  best  without  the  addition  of  saks,  being  diminished  by 
magnedc  sulphate,  sodic  carbonate,  and  sulphate.  The  digestion  of  Bbrin  by  pancreatic  extraa 
is  accelerated  by  sodic  carbonate  (/^if^^ff^am),  and  retarded  by  MgSO^  and  Na^SO^.  The 
diastatic  action  of  the  saliva  and  pancreas  on  starch  is  greatly  accelerated  by  NaCl  ( 2  per  cent.  . 
while  NagCOj,  NajSO^,  and  MgSO^,  hinder  it  {Pfiifff'')''\  According  to  Schdtz,  artiBcial  gastric 
digestion  is  retarded  by  a  2  per  cent,  solution  of  alcohol,  and  also  by  a  solution  of  salicylic  acid 
(.06  to  .1  per  cent.).  Buchner,  however,  finds  that  10  per  cent,  of  alcohol  does  not  affect  artificial 
gastric  digestion,  while  above  20  per  cent,  arrests  it.     Beer  hinders  digestion. 

F.  In  acute  diseases,  the  secretion  of  bile  is  affected ;  it  becomes  less  in  amount  and  more 
watery,  f.  ^.,  it  contains  fewer  specific  constituents.  If  the  liver  undergoes  great  stmcturaa 
change,  the  secretion  may  be  arrested. 

G.  Qall-Stones. — When  decomposition  of  the  bile  occurs,  gall-stones  are  formed  in  tbe  ^juV 
bladder  or  in  the  bile-ducts.  Some  are  white^  and  consist  almost  entirely  of  stratified  lajers  zi 
crystals  of  cholesterin.  The  brown  forms  consist  of  bilrubin-lime,  and  calcium  carbonate,  olien 
mixed  with  iron,  copper,  and  manganese.  The  gall-stones  in  the  gall-bladder  become  facencti 
by  rubbing  against  each  other.  The  nucleus  of  the  white  stones  often  consists  of  chalk  and  bile- 
coloring  matters,  together  with  nitrogenous  residues,  derived  from  shed  epithelium,  mucin,  bile- 
salts,  and  fats.  Gall-stones  may  occlude  the  bile-duct  and  cause  cholsemia.  When  a  small  sccoe 
becomes  impacted  in  a  duct,  it  gives  rise  to  excessive  pain,  constitudng  hepatic  colic,  and  may 
even  cause  rupture  of  the  bile-duct  with  its  sharp  edges. 

H.  Nothing  certain  has  been  determined  regarding  the  pancreatic  secretion  in  disease,  be: 
in  fever  it  appears  to  be  diminished  in  amount  and  digesdve  activity.  The  suppression  of  the 
pancreatic  secretion,  as  by  a  cancerous  tumor  of  the  head  of  the  pancreas,  is  often  accompanied 
by  the  appearance  of  fat,  in  the  form  of  globules  or  groups  of  crystals  in  the  faeces. 

I.  Constipation  is  a  most  important  derangement  of  the  digestive  tract.  It  may  be  cause  ' 
by — (i)  Conditions  which  obstruct  the  normal  channely  e.g.f  constriction  of  the  gut  from  stridarc 
— in  the  large  gut  after  dysentery,  tumors,  rotation  on  its  axis  of  a  loop  of  intesdne  (volvulus', 
or  invagination,  occlusion  of  a  coil  of  gut  in  a  hernial  sac,  or  by  the  pressure  of  tniz»ors  or 
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exudations  from  wttlKHit,  or  congenital  absence  of  tbe  anus.  (2)  Too  great  dryness  of  the  con- 
tents, caased  by  too  little  water  in  the  articles  of  diet,  diminution  of  tbe  amount  of  the  digestive 
secretions,  e.g.^  of  bile  in  icterus;  or  in  consequence  of  much  fluid  being  given  off  by  other 
organs  as  after  copious  secretion  of  saliva,  milk,  or  in  fever.  (3)  Variations  in  the  functional 
activity  of  the  muscles  and  motor-nervous  apparatus  of  the  gut  may  cause  constipation,  owing  to 
imperfect  peristalsis.  This  condition  occurs  in  inflammations,  degenerations,  chronic  catarrh,  and 
diaphragmatic  inflammation.  Affections  of  the  spinal  cord,  and  sometimes  also  of  the  brain, 
are  usmdly  accompanied  by  slow  evacuation  of  the  intestine.  Whether  diminished  mental 
activity  and  hypochondriasis  are  the  cause  of^  or  are  caused  by,  constipation  is  not  proved. 
Spasmodic  contraction  of  a  part  of  the  intestine  may  cause  temporary  retention  of  the  intestinal 
contents,  and,  at  the  same  time,  give  rise  to  great  pain  or  colic ;  the  same  is  true  of  spasm  of 
the  anal  sphincter,  which  may  be  excited  reflexly  from  the  lower  part  of  the  gut.  Tbe  feecal 
masses  in  constipation  are  ususdly  hard  and  dry,  owing  to  tbe  water  being  absor^Ki ;  hence  they 
Ibnn  large  masses  or  scybala  within  the  lai^e  intestine,  and  these  again  give  rise  to  new  resist- 
ance. Amongst  the  reagents  which  prevent  evacuation  of  the  bowels,  some  paralyze  the  motor 
apparatus  temporarily,  ^.^.,  opium,  morphia;  some  diminish  the  secretion  of  the  intestinal  mucous 
membrane,  and  cause  constriction  of  the  blood-vessels,  as  tannic  acid,  vegetables  containing 
taonin,  alum,  chalk,  lead  acetate,  silver  nitrate,  bismuth  nitrate. 

J.  Increased  evacuation  of  the  ifUestinal  contents  is  usually  accompanied  by  a  watery  condition 
of  tbe  Ixces,  constituting  diarrhoea.    The  causes  are : — 

1.  A  too  rapid  movement  of  the  contents  through  the  intestine,  chiefly  through  the  large 
intestine,  so  that  there  is  not  time  for  the  normal  amount  of  absorption  to  take  place.  The 
increased  peristalsis  depends  upon  stimulation  of  the  motor-nervous  ap]>aratus  of  the  intestine, 
Qsoally  of  a  reflex  nature.  Rapid  transit  of  the  contents  through  the  intestine  causes  the  evacu- 
ation of  certain  substances,  which  cannot  be  digested  in  so  short  a  time. 

2.  Tbe  stools  become  thinner  from  the  presence  of  much  water,  mucus,  and  the  admixture 
with  fat,  and  by  eating  fruit  and  v^etables.  In  rare  cases,  when  the  evacuations  contain  much 
mucin,  Charcot's  crystals  occur  (fig.  171,  ^).  In  ulceration  of  the  intestine,  leucocytes  (pus)  are 
present  {NotAnagel). 

3.  Diarrhoea  may  occur  as  a  consequence  of  disturbance  of  the  diffusion-processes  through  the 
intestinal  walls,  as  in  affections  of  the  epithelium,  when  it  becomes  swollen  in  inflammatory  or 
catarrhal  conditions  of  the  intestinal  mucous  membrane.  [Irritation  over  the  abdomen,  as  from 
the  subcutaneous  injection  of  small  quantities  of  saline  solutions,  causes  diarrhoea.'] 

4.  It  may  also  be  due  to  increased  secretion  into  the  intestine,  as  in  capillary  difliision,  when 
magnesium  sulphate  in  the  intestine  attracts  water  from  the  blood. 

The  same  occurs  in  cholera,  when  the  stools  are  copious  and  of  a  rice-water  character,  and  are 
loaded  with  epithelial  cells  from  the  villi.  The  transudation  into  the  intestine  is  so  great  that 
the  bkxxl  in  the  arteries  becomes  very  thick,  and  may  even  on  this  account  cease  to  circulate. 

Transudation  into  the  intestine  also  takes  place  as  a  consequence  of  paralysis  of  the  vaso- 
motor nerves  of  the  intestine.  This  is  perhaps  the  case  in  diarrhoea  following  upon  a  cold. 
Certain  substances  seem  directly  to  excite  the  secretory  organs  of  the  intestines  or  their  nerves, 
such  as  the  drastic  purgatives  (|  180).  Pilocarpin  injected  into  the  blood  causes  great  secretion 
{Masloff), 

During  febrile  conditions,  the  secretion  of  the  intestinal  glands  seems  to  be  altered  quanti- 
tatively and  qualitatively,  with  simultaneous  alteration  of  the  functional  activity  of  the  muscu- 
lature and  tbe  organs  of  absorption,  while  the  excitability  of  the  mucous  membrane  is  increased 
( Uffelmann).  It  is  important  to  note  that  in  many  acute  febrile  diseases  the  amount  of  common 
salt  in  the  urine  diminishes,  and  increases  again  as  the  fever  subsides. 

187.  COMPARATIVE. — Salivary  Glands. — Amongst  mammals,  the  herbivora  have 
larger  salivary  glands  than  the  caroivora ;  while  midway  between  both  are  the  omnivora.  Tbe 
whale  has  no  salivary  glands.  The  pinnip>edia  have  a  small  parotid,  which  is  absent  in  echidna. 
The  dog  and  many  camivora  have  a  special  gland  lying  in  the  orbit,  the  orbital  or  zygomatic 
gland.  In  birds  the  salivary  glands  open  at  the  angle  of  the  mouth,  but  the  parotid  is  absent. 
Amongst  reptiles  the  parotid  of  some  species  is  so  changed  as  to  form  poison-glands ;  the 
tortoise  has  sublingual  glands ;  reptiles  have  labial  glands.  The  amphibia  and  fishes  have 
merely  small  glands  scattered  over  the  mouth.  The  salivary  glands  are  large  in  insects  ;  some 
of  them  secrete  formic  acid.  The  salivary  glands  are  well  developed  in  molluscs,  and  the  saliva 
of  Dolium  galea  contains  more  than  3  p>er  cent,  of  free  sulphuric  acid  (?).  The  cephalopods 
have  a  double  set  of  glands. 

A  crop  is  not  present  in  any  mammal ;  the  stomach  is  either  simple j  as  in  man,  or,  as  in 
many  rodents,  it  is  divided  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  intestine 
is  short  in  flesh-eating  animab  and  long  in  herbivora.  The  stomach  of  ruminants  is  compound, 
and  consists  of  four  cavities.  The  first  and  largest  is  the  paunch  or  rumen,  then  the  reticulum. 
In  these  two  cavities,  especially  the  former,  the  ingesta  are  softened  and  undergo  fermentation, 
they  are  then  returned  to  the  mouth  by  the  action  of  the  voluntary  muscular  flbres,  which  reach 
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to  the  stomach.  This  is  the  process  of  rumination.  The  ingesta  are  chewed  again  in  the 
mouth,  and  are  again  swallowed,  but  this  time  they  enter  the  third  cavity  or  psalterium— 
(which  is  absent  in  the  camel) — and  thence  into  the  fourth  stomach  or  abomasum,  in  whkh 
the  fermentative  digestion  takes  place.  The  caecum  is  a  very  large  and  important  digestive 
organ  in  herbivore  and  in  most  rodents ;  it  is  small  in  man,  and  absent  in  camivora.  The  oeso- 
phagus in  grain-eating  birds  not  unfrequently  has  a  blind  diverticulum  or  crop  for  softening  the 
food.  In  the  crop  of  pigeons  during  the  breeding  season,  there  is  formed  a  peculiar  secretion— 
"  pigeon's  milk,"  which  is  used  to  feed  the  young  {J,  Hunier).  The  stomach  consists  of  a 
glandular  proventriculus  and  a  strong  muscular  stomachy  which  is  covered  with  homy  epithe- 
lium and  triturates  the  food.  There  are  usually  two  fluid  diverticula  on  the  small  intestine  near 
where  it  joins  the  large  gut.  In  fishes  the  intestinal  canal  is  generally  simple ;  the  stomach  is 
merely  a  dilatation  of  the  tube ;  and  at  the  pylorus  there  may  be  one,  but  usually  many,  blind 
glandular  appendages  (the  appendices  pyloricae).  They  are  generally  longitudinal  folds  in  the 
intestinal  mucous  membrane,  but  in  some  fishes,  e^.^  the  shark,  there  is  a  spiral  valve.  [The 
inversive  cane-sugar  ferment  is  wanting  in  the  herbivore,  as  the  cow,  horse,  and  sheep,  bat  is 
present  in  the  dog  and  cat.  It  is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the  inver- 
tebrates, as  the  ordinary  earth-worm  (M.  Hay), 

In  amphibia  and  reptiles  the  stomach  is  a  simple  dilatation ;  the  gut  is  larger  in  vegetable 
feeders  than  in  flesh  feeders.  The  liver  is  never  absent  in  vertebrates,  although  the  gall-bladder 
frequently  is.  [It  is  absent  in  the  donkey,  horse,  elephant,  and  deer.]  The  pancreas  11  absent 
in  some  fishes. 

Digestion  in  Plants. — The  observations  on  the  albumin-digesting  power  of  some  plants  are 
extremely  interesting  [Canby^  1869 ;  Ch.  Darwin^  1875).  The  sundew  or  drosera  has  a  series 
of  tentacles  on  the  surface  of  its  leaves,  and  the  tentacles  are  provided  with  glands.  When  an 
insect  alights  upon  a  leaf,  it  is  suddenly  seized  by  the  tentacles ;  the  glands  pour  out  an  add 
juice  over  the  prey,  which  is  gradually  digested,  all  except  the  chitinous  structures.  The  secre- 
tion, as  well  as  the  subsequent  absorption  of  the  products  of  digestion,  are  accomplished  by  the 
activity  of  the  protoplasm  of  the  cells  of  the  leaves.  The  digestive  juice  contains  a  pepsin-like 
ferment  and  formic  acid.  Similar  phenomena  are  manifested  by  the  Venus  flytrap  (Dioosea), 
by  pinguicula,  as  well  as  by  the  cavity  of  the  altered  leaves  of  Nepenthes.  About  fifteen  specie 
of  these  **  insectivorous "  or  carnivorous  plants  are  known.  Papain,  and  other  ferments  analo- 
gous in  their  action  to  trypsin,  are  referred  to  in  J  170. 

188.  HISTORICAL.— Digestion  in  the  Mouth.— The  older  observers  regarded  the 
saliva  as  a  solvent,  and  in  addition,  many  bad  qualities,  especially  in  starving  animals,  wen 
ascribed  to  it.  This  arose  from  the  knowledge  of  the  saliva  of  mad  animals,  and  the  parotid 
saliva  of  poisonous  snakes.  The  salivary  glands  have  been  known  for  a  long  time.  Galen 
(131-203  A.D.)  was  acquainted  with  Wharton's  duct  and  A€lius  (270  a.d.)  with  the  sab-maxil- 
lary and  sub-lingual  glands.  Hapel  de  la  Chenaye  (1780)  obtained  large  quantities  of  saliva 
from  a  horse,  in  which  he  was  the  first  to  make  a  salivary  flstula.  Spallanzani  (1786)  asserted 
that  food  mixed  with  saliva  was  more  easily  digested  than  food  moistened  with  water.  Ham- 
berger  and  Siebold  investigated  the  reaction,  consistence,  and  specific  gravity  of  saliva,  and 
found  in  it  mucus,  albumin,  common  salt,  calcium  and  sodium  phosphates.  Berzelius  gave  the 
name  ptyalin  to  the  characteristic  organic  constituent  of  saliva,  but  Leuchs  (1831)  was  the  first 
to  detect  its  diastatic  action. 

Gastric  Digestion. — Digestion  was  formerly  compared  to  "  coction,"  whereby  solntioo  was 
effected.  According  to  Galen,  only  substances  that  have  been  dissolved  passed  through  the 
pylorus  into  the  intestine.  He  described  the  movements  of  the  stomach  and  the  peristalsis  of  tl^ 
intestines.  Aelian  gave  names  to  the  four  stomachs  of  the  ruminants.  Vidius  (f  1567)  noticed 
the  numerous  small  apertures  of  the  gastric  glands.  Van  Helmont  (t  1644)  expressly  notices 
the  acidity  of  the  stomach.  Reaumur  (1752)  knew  that  a  juice  was  secreted  by  the  stomach, 
which  effected  solution,  and  with  which  he  and  Spallanzani  performed  experiments  on  digesdoo 
outside  the  body.  Carminati  (1785)  found  that  the  stomachs  of  camivora  during  digestion 
secreted  a  very  acid  juice.  Prout  (1824)  discovered  the  hydrochloric  acid  of  the  gastric-juice. 
Sprott  and  Boyd  (1836)  the  glands  of  the  gastric  mucous  membrane,  while  Wassmann  and 
Bischofl*  noted  the  two  kinds  of  gastric-glands.  After  Beaumont  (1834)  had  made  his  obser- 
vations upon  Alexis  St.  Martin,  who  had  a  gastric  fistula  caused  by  a  gunshot  wound,  Bassow 
(1842)  and  Blondlot  (1843)  made  the  first  artificial  gastric-fistulae  upon  animals.  Eberle  (18301 
prepared  artificial  gastric  juice.  Mialhe  called  albumin,  when  altered  by  gastric  digestioo, 
albuminose  ;  Lehmann,  who  investigated  this  substance  more  carefully,  gave  it  the  name /^^MkMi/. 
Schwann  isolated /<r/««  (1836),  and  established  the  fact  of  its  activity  in  the  presence  of  hydro- 
chloric acid. 

Pancreas,  Bile,  Intestinal  Digestion. — The  pancreas  was  known  to  the  Hippocxatic 
School;  Maur.  Hoffmann  (1642)  demonstrated  its  duct  (fowl),  and  Wirsung  described  it  m 
man.  Regner  de  Graaf  (1664)  collected  the  pancreatic  juice  from  a  fistula,  and  Tiedemann  ai^ 
Gmelin  found  it  to  be  alkaline,  while  Lauret  and  Lassaigne  found  that  it  resembled  saliva. 
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Valentin  discovered  its  diastatic  action,  Eberle  its  emulsionizing  power,  and  CI.  Bernard  (1846) 
its  tryptic  and  fat-splitting  properties.  The  last-mentioned  function  was  referred  to  by  Purkinje 
and  Pappenheim  (1836).  Aristotle  characterized  the  bile  as  a  useless  secretion;  according  to 
Ersmstratus  (304  B.  c),  fine  invisible  channels  conduct  the  bile  from  the  liver  into  the  gall- 
bladder. Aretaeus  ascribed  icterus  to  obstruction  of  the  bile-duct.  Benedetti  (1493)  described 
gall-stones.  According  to  Jasolinus  (1573),  the  gall-bladder  is  emptied  by  its  own  contractions. 
Sylvius  ix>ticed  the  lymphatics  of  the  liver  (1640) ;  Walaeus,  the  connective  tissue  of  the  so- 
called  capsule  of  Glisson  (1641).  Halle  rindicated  the  uses  of  bile  in  the  digestion  of  fats.  The 
liver-cells  were  described  by  Henle,  Purkinje,  and  Dutrochet  (1838).  Heynsius  discovered  the 
urea  and  CI.  Bernard  (1853)  the  sugar  in  the  liver,  and  he  and  Hensen  (1857)  found  glycogen 
in  the  liver.  Kieman  gave  a  more  exact  description  of  the  hepatic  blood-vessels  (1834).  Beale 
injected  the  lymphatics,  and  Gedach  the  finest  bile-ducts.  Schwann  (1844)  made  the  first 
biliary  fistula ;  Demarcay  particularly  referred  to  the  combination  of  the  bile-acids  with  soda 
(1838);  Strecker  discovered  the  soda  compounds  of  both  acids,  and  isolated  them.  Celsus 
mentions  nutrient  enemata  (3-5  A.D.).  Fallopius  (1561)  described  the  valvulae  conniventes  and 
%nlii  of  the  intestinal  mucous  membrane,  and  the  nervous  plexus  of  the  mesentery.  The 
agminated  glands  or  patches  of  Peyer  were  known  to  Severinus  (1645). 


Physiology  of  Absorption. 


189.  THE  ORGANS  OF  ABSORPTION.— [As  most  substances  in 
the  state  in  which  they  are  used  for  food  are  either  insoluble,  or  diffuse  but  im- 
perfectly through  membranes,  the  whole  drift  of  the  complicated  digestive  pro- 
cesses is  to  render  these  substances  soluble  and  diffusible,  and  thus  fit  them 
for  absorption  ;  most  of  the  neutral  fats,  however,  are  emulsionized.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered 
by  a  single  layer  of  columnar  epithelium,  /.  e.,  from  the  cardiac  orifice  of  the 
stomach  to  the  anus — is  adapted  for  absorption.     The  mouth  and  cesophagus, 
lined  as  they  are  by  stratified  squamous  epithelium,  are  much  less  adapted  for 
this  purpose.     Still,  poisoning  is  caused   by  placing  potassium  cyanide  in  ihe 
mouth.     The  channels  of  absorption  in  the  intestinal  tract  are — (1)  the    capil- 
laries [lAV^rf],  and  (a)  the  lactcals  \indireet~\  of  the  mucous  membrane  (fig- 
248).     Almost  the  whole  of  the   substance 
absorbed  by  the  former  pass  into  the  rootleii 
of  the  portal  vein,  and  traverse  the  liver,  before 
they  reach  the  gCDcral  circulation,  while  thoss 
that  enter  the  lacteals  really  pass  into  lym- 
phatics, so  that  the  chyle  passes  through  the 
thoracic  duct  and  is  poured  by  it  into  the 
blood,  where  the  thoracic  duct  joins  the  sub- 
clavian vein  (fig.  172). 

Watery  solutions  of  sails,  grape-sugar,  pep- 
tone, poisons,  and    in  a  still   higher  degree 
Pig_  2^g,  alcoholic  solutions  of  poisons,  are  absorbed  in 

, ,    „     the  Stomach.     The  empty  stomach  absorbs 

''fx,;  's:;i^?r«.'-p'$;:  ~-  ^'^^y  "■- °"« <■»=■'  -^  f^-i ;  s-..« 

and  H.V.,  portal  and  hepatic  vdni;  catarrh  delays  absorption.     After   a   copious 

INT,,  inleKioe.  diet  of  milk,  fatty  granules  have  been   found 

in  the  protoplasm  of  the  goblet-cells ;  so  ihat. 
according  to  this  view,  the  goblet-cells  have  a  double  function,  to  secrete  mucus 
and  to  absorb  nutriments. 

The  greatest  area  of  absorption  is  undoubtedly  the  small  intestine,  espe- 
cially its  upper  half,  owing  to  the  presence  of  the  valvulec  conniventes  and 
the  villi. 

[Absorption  takes  place  all  along  the  intestine — but  in  the  case  of  the  fa:= 
this  is  strictly  confined  to  the  small  intestine,  where  indeed  all  absorption  is 
most  active.  We  might  classify  the  various  sections  of  the  intestinal  canal,  is 
far  as  regards  their  activity  of  absorption,  as  follows : — small  intestine,  large  ir.- 
testine,  stomach,  mouth,  pharynx,  cesophagus  {Beaunis)^ 

190.  STRUCTURE  OF  THE  SMALL  AND  LARGE  INTES- 
TINES,—[The  wall  of  the  small  intestine  consists  of  four  coats  ;  which, 
from  without  inward,  are  named  serous,  muscular,  sub-rr  ---" 
mucous  (fig   249)-] 
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(i)  The  serous  coat  has  the  same  structure  as  the  peritoneum,  /.  e.,  a  thin 
basis  of  fibrous  tissue  covered  on  its  outer  surface  by  endothelium. 

(3)  The  muscular  coat  consists  of  a  thin  outer  longitudinal  and  an 
inner  thicker  circular  layer  of  non-striped  muscular  fibres  (fig.  349). 

(3)  The  sub-mucous  coat  consists  of  loose  connective  tissue  containing 
large  blood-vessels,  lymphatics,  and  nerves,  and  it  connects  the  muscular  with 
the  mucous  coat. 

(4)  The  mucous  coat  is  the  most  internal  coat,  and  its  absorbing  surface  i» 
largely  increased  by  the  presence  of 

the  valvulsc  conniventcs  and  villi. 
[The   valvulee   conniventcs   are 
permanent  folds  of  the  mucous  mem- 
brane of  the  small  intestine,  arranged  J^jJH 
across  the  long  axis  of  the  gut.   They  epiihe- 
pass  round  a  half  or  more  of  the  inner  '""' 
surface  of  the  gut.     They  begin  a 
little  below   the  commencement  of 
the  duodenum,  and  are  large  and  well 
marked  in  the  duodenum,  and  re- 
main   so  as  far  as  the  upper  half  of 
the   jejunum,    where  they  begin    to 

become  smaller,  and  finally  disap-  Liebcr- 

pear  about   the  lower  part  of    the  koho'i 

ileum.]     The  villi  are  characteristic  f'*"'" 

of  the  small  intestine,  and  arc  con-  \M\t" 

fined  to  it ;  they  occur  everywhere  mucoM. 

as  closely-set  cylindrical  projections  i 
over  and  between  the  valvule  con-   ~    | 

niventes  (fig.  249).     When  the  inner   «    I  Pey«-, 

surface  of  the  mucous  membrane  is    I     I  patch. 

eitamined  in  water,  it  has  a  velvety  |  j 
appearance  owing  to  their  presence,  -g  I 
[They  vary  in  length  from  -^ta-^  '^  I 
of  an  inch,  and  are  largest  and  most 

numerous  in  the  upper  part  of  the  mu™i'" 

intestine,  duodenum,  and  jejunum, 
where  absorption  is  most  active,  but 

they  are  less  abundant  in  the  ileum.  uSIml 

Their  total  number  has  been  calcu-  muicie. 

lated  at  four  millions  by  Krause,  and 

there  are  10-18  on  a  square  mm.]  Fig.  249. 

Each  villus  is  a  projection  of  the  en-        Longitndmal  section  through  ■  Peyer's  p«lch 
tire    mucous   membrane,  so    that  it  of  thesmall  iotesiioe  of  a  dog. 

contains  within  itself  representatives 

of  all  the  tissue-elements  of  the  mucosa.     The  orifices  of  the  glands  of  Lieber- 
kiihri  open  between  the  bases  of  villi  (fig.  149). 

Structure  of  a  Villus. — Each  villus,  be  it  cylindrical  or  conical  in  shape, 
is  covered  by  a  single  layer  of  columnar  epithelium,  whose  protoplasm  is 
reticulated  and  contains  a  well-defined  nucleus  with  an  intranuclear  plexus  of 
fibrils.  The  ends  of  the  epithelial  cells  directed  towards  the  gut  are  polygonal, 
and  present  the  appearance  of  a  mosaic  (fig.  350,  D).  When  looked  at  from 
the  side,  their  free  surface  is  seen  to  be  covered  with  a  clear,  highly  refractive 
disc  or  "  CUticula,"  which  is  marked  with  vertical  strije.  These  strise  were 
supposed  by  KoUiker  to  represent  pores  for  the  absorption  of  fatty  particles. 


364  STRUCTURE   OF   A    VILLUS.  [ScC.  I90. 

but  this  has  oot  been  confirmed,  while  Brettauer  and  Steinach  regarded  Ihem 
as  produced  by  prisms  placed  side  bjr  side. 

[Accordiog  to  HeideuhaiD,  the  epithelial  cells  are  devoid  of  a  cell  wall,  and 
their  shape  varies  with  the  degree  of  contraction  of  the  villus.  The  disc  con- 
sists of  rods  with  an  intermediate  substance,  but  they  appear  to  be  continaons 
with  the  protoplasm  of  the  cell.  Sometimes  no  disc  is  to  be  seen,  and  in  thiscase 
the  rods  are  retracted.  The  rods  forming  the  disc  may  vary  much  in  length. 
Although  Heidenliain  admits  changes  in  Ihe  length  of  these  "  rods,"  he  does 
not  ascribe  to  them  an  active  part  in  the  absorption  of  fat.] 

Accotding  10  V.  Thuiboffer,  however,  this  clear  disc  is  comparable  to  Ibe  Oiickened  Baop 
around  the  botKxn  of  a  vessel,  such  as  is  used  for  collecting  pises.  On  Ibis  supposition,  tbe 
upper  end  of  each  cell  is  open,  and  from  it  there  project  pseudopodia-Uke  bundles  of  protoplas- 
mic processes  (fig.  350,  B).  These  processes  are  supposed  to  be  extended  beyond  the  ma^n  of 
the  cell,  and  aeaiii  rapidly  retracted,  and  in  so  acting  they  are  said  to  carry  the  fatty  particles  buo 


Fig.  350, 
A,  scheme  of  a  transverse  section  ol  part  of  a  villus;  a,  columnar  epithelium   with;  i,e\tu 
disc;  t*,  goblel-cdl;   1,1,  adenoid  reticulum ;  if,ti,  spaces  containiog  leucocytes,  t,t,;f. 

section  of  the  cctiirat  Uctcat.  B,  scheme  of  a  cell  with  processes  projected  front  its  btcriac. 
C,  columnar  epithelium  after  the  absorption  of  fatty  granules.  D,  columnar  epilhdiuin  cf  1 
villus  seen  from  above  with  a  goblet- cell  in  the  centre. 

the  interior  of  the  cells,  much  as  the  pseudopodia  of  an  amceba  entangle  its  food.  [This  view 
has  not  been  confirmed  by  a  suflicient  number  of  observers.]  Between  the  epithelial  cells  iR 
the  so-called  goblet-cells  (fie;.  250.  C).  [Each  goblet -cell  is  more  or  less  like  a  chalice,  oar- 
rower  above  and  below,  and  In-oad  in  the  middle,  with  a  tapering  iised  extremity.  The  osta 
pan  of  these  cells  is  filled  with  a  clear  substance  or  niucig;en,  vihich,  on  the  addition  of  vua. 
yields  mucus.  The  mucigen  lies  in  the  intervals  of  a  fine  network  of  Sbrili,  which  pervsdo  the 
cell- protoplasm,  while  the  protoplasm,  containing  a  globular  or  triangular  nucleus,  is  poshed  into 
the  lower  pan  of  the  cell.  These  goblet-cells  are  simply  altered  columnar  epithelial  cells  vbicb 
secrete  mucus  in  their  interior.  They  are  more  numerous  under  certain  conditions.  Not  nnfie- 
quently  in  a  section  of  the  mucous  membrane  of  the  gut,  after  it  is  stained  with  logwood,  we  mii 
see  a  deep  blue  plug  of  mucus  portly  exuded  from  these  cells.     When  looked  at  from  abon 
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ibcj  give  the  >[^>earuice  seen  in  tig.  350,  D.]  Tfae  epithelium  of  the  villi  is  replaced  by  other 
cells  derirnl  frorn  the  e[»theiiuin  of  LieberkUhn's  glands,  gradually  riuug  upwards  to  take  the 
plite  of  the  shed  ceils.  The  epitheliil  cells  are  shed  in  enonnout  nuinbm  in  chdera,  and  io 
poinDiDg  with  arsenic  and  muscarin  (BSAm). 

[The  epithelial  cells  covering  the  villus  are  placed  upon  a  layer  of  squamous 
epithelium  (basement  membrane) — Che  sub-epithelial  membrane  of  D^bove. 
This  basement  membrane  is  said  to  be  connected  by  processes  with  the  so-called 
branched  cells  of  the  adenoid  tissue  of  the  villus,  while  it  also  sends  up  pro- 
cesses between  the  epithelial  covering.] 

The  stroma  or  body  of  the  villus  itself  consists  of  a  basis  of  adenoid 
tissue,  containing  in  its  centre  one  or  more  lacteals,  closely  invested  with 
several  bundles  of  longitudinal  smooth  muscular  fibres,  derived  from  the  mus- 
ctiiaris  mucosae,  and  a  plexus  of  blood-vessels.  The  adenoid  tissue  of  the 
villus  consists  of  a  reticulum  of  fibrils  with  endothelial  plates  at  its  nodes. 
The  spaces  of  the  adenoid  tissue  form  a  spongy  network  of  inter-communica- 
ting diannels  containing  stroma-cells  or  leucocytes  (fig.  350,  A,  <;,  e).  These 
leucocytes  or  lymph -corpuscles  have  been  seen  to  contain  fatty  granules. 

[The  stroma  is  relatively  larger  in  amount  in  relation  to  the  epithelium  in 
the  dog  (fig.  259)  and  cat  than  in  the  rabbit  and  guinea-pig.     In  the  stroma 
are  spaces  which  contain  leucocytes  of  various  kinds  and  phagocytes.     Color- 
ation with  Biondi's  fluid  (p.  389)  enables  one  to  single  out  the  varieties  of  these 
cells,  some  of  which  wander  out  into  and  between  the  epithelial  cells.     The 
spaces  also  contain  a  coagulable  fluid.     The  capillaries  are  arranged  close  under 
ie  epithelium  (fig,  359,  c).] 
The  lymphatic  or  lac- 
teal lies  in  the  axis  of  the  CvHuM- 
vjllus  (fig.  152,  d).     Some  ^Si. 
regard  the  lacteal  merely  as 
a  space  in  the  centre  of  the 

villus,  but  more  probably  it  thccfT 

has  a  distinct  wall  composed  iWIhib. 

of  endothelial  cells,  with 
apertures  or  stomata  here 
and  there  between  the  cell- 
plates.  These  stomata  place  Cap'ibn-. 
the  interior  of  the  lacteal  in 
direct  communication  with 
the  spaces  of  the  adenoid 
tissue.  Perhaps  white  blood- 
corpuscles  wander  out  of  the 
blood-vessels  of  the  villi  into 
the  spaces  of  the  adenoid 

tissue,  where  they  become  _ 

loaded  with  fatty  granules,  * "' 

and  pass  into  the  central  lac- 
teal.  Zuwaiykin  and  Wied-  Anen-. 
ersheim  suppose  that  the  leu- 
cocytes pass  from  the  paren- 
chyma of  the  villus  towards 
the  epithelial  layer,  and  even   between  the  epithelial  cells,  from  which  they 
return  towards  the  axis  of  the  villus,  laden  with  substances  which  they  have 
taken  into  their  interior  (§  192,  IIJ.     [This  however  is  highly  doubtful.] 

A  small  artery  placed  eccentrically  passes  into  each  villus  (fig.  251).  In 
man  it  begins  to  divide  about  the  middle  of  the  villus,  but  in  animals  it  usually 
runs  to  the  apex  before  it  divides.  The  capillaries  resulting  from  the  division 
of  the  artery  form  a  fine  dense  network  placed  superficially,  immediately  under 
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the  epithelium  of  the  suT&ce.     The  blood  is  carried  out  of  a  villus  by  one  or 
two  veins  (figs.  351,  252). 

Non-striped  muscular 
fibres  arc  present  in  villi.    They 
are  arranged   longitudinally  in 
^^  several  bundles  from  base  to  apex 

immediately  outside  the  central 
^-  ;  lacteal.      [Each  bundle   is  sur- 

rouDded  by  a  connective-tisoe 
sheath.]  When  they  contract  they 
,  tend  to  empty  the  lacteal.  A 
few  muscular  fibres  are  placed 
more  superficially  and  run  in  a 
more  transverse  direction,  {The 
longitudinal  bundles  of  non- 
striped  muscle  in  the  villi  are 
connected  together  by  oblique 
strands;  while  the  longitudinal 
bundles  shorten  the  villus,  the 
oblique  fibres  keep  the  lacteal 
,  open  ;    thus  the  parenchyma  of 

the  villus  is  also  compressed 
transversely,  whereby  the  pro- 
ducts of  absorption  are  forced 
into  the  lacteal.  The  muscles 
"»  "  are  fixed  by  cement  to  the  sub- 

Fig.  352.  epithelial  basal  membrane.    Tbe 

Mucooi membrane  of  Use  tma  11  intestine  of  (he dog;  muscular  fibres  of  the  villi  are 
the  lacleals  are  blaclt,  and  the  blood-veisela  lighter,  ^jrect  prolongations  of  the  mus- 
fl    .nrrv  ■  *  Iwnnh.Mr  -  r  i<1»ii>  nf  capillaries  in  the    cularis  mUCOSK  1 

Nerves  pass   into  the  villi 
«i.i,.j«MHi.    SoiiuT  (bUick.  from  Mcissner's  plex- 

us lying  in  the  sub- 
mucous  coat.      The 
nerves    to    the    villi 
are  said  to  have  small 
granular    ganglionic 
cells  in  their  course, 
and    they    terminate 
partly  in  the  muscular 
Mucoui    ^^^^  ^nd  partly  in 
mcnbr^ne  the    arteries    of   the 
""■"""'■  villi. 

On  making  a  ver- 
tical section  of  the 
I    Blood       mucous    mem- 
,   "'"•'^     brane  of  the  small 
intestine  one  sees  tbe 
villi,  and  under  them 
-   Muicuiir  a  network  of  adenoid 
coil.        tissTie     loaded     with 
leucocytes.    This  tis- 
sue forms   its    basts. 
Fig.  *53.  and  in  it  arc  placed 

in  or  duodenum  of  a  rabbil  injected,  x  50.  vertically  side  by  side. 
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like  test-tubes  in  a  stand,  immense  numbers  of  simple  tubular  glands — the 
crypts  or  glands  of  Lie- 
berkiihn  (fig.  *49).]  [Kult- 
schilzki  finds  that  the  con- 
nective-tissue framework  of 
the  macous  membrane  of  the 
small    intestine    is    not    troe  / 


./■ 


adenoid   tissue,  but  a  transi-  t 
lion  form  between  the  latter  ' 
and     loose     fibrous     tissue.  ] 
Lieberkiihn's  glands  open 
above  at  the  bases  of  the  villi, 
while  their  closed  lower  ex- 
tremity reaches  almost  to  the 
muscularis  mucosae.  Each  tube 
consists  of  a  basement  mem-  , 
biane  lined  by  a  single  layer  i 
ofcolumnaT  epithelium,  leav-  * 
ing  a  wide  lumen,  the  cells 
lining  them  being  continuous 
with    those    that    cover    the  „ 

mucous  membrane.     Many  of  „. 

the  cells  exhibit  mitotic  fig- „  .  ,  ,.  ,  ,,.,\'l*'  „.  .  ,. 
.„_  .■  -  .w„.,  ,™  ,K«  .  r  Section  of  isoliury  follicle  of  Iheima  I  intestine  (humaaV 
ures,  r.  <•  ,  they  are  about  to  „,  ly„ph.follicle  coveted  «Uh  epitbelium  (*))  but  the 
ltl»lde.  borne  goblet-cells  arc  vim.  (.  are  denuded  of  epilhelium ;  ■/,  Lieberkilhn's 
often  found  between    the   col-       follicle;  if,  musculBriimucoaie;/,  sub-mucous  tissue. 

umnar  epithelium.     Immedi- 
ately below  the  bases  of  the  follicles  of  LieberkUhn  is  the  muscularis  mucosae, 
consisting  of  two  or 
three  narrow  layers 
of  non-striped  mus- 
cular fibres  arranged 
circularly  and  longi- 
tudinally. [It  is  con- 
tinuous   with  the 
muscularis    mucosas 
of  the  stomach,  and 
extends    throughout 
the  whole  intestine, 
not  as  a  continuous  ; 
layer,  but  as  a  close  , 
network  of  bundles  _ 
of  smooth    muscle.  : 
It  sends    fibres   up-  - 
wards  into  the  villi 
(fig-  ^S4  ^).]  : 

[Brunner's' 
glands      are      com-  p-jg   jjj^Dii^Mi,  of  a  vertical  .ection  of  the  mucous  membrane  of 
pound  tubular  glands      the  tmall  intestine  of  a  d<^,  showing  the  closed  follicles,     a  a, 
lying    in    and    con-      part  ofaPeyer'spatch;  ^,  muscularis  mucosx. 
fined    to    the    sub- 
mucous coat  of  the  duodenum  (figs.  314,  238).     Their  ducts  perforate  the 
muscularis  mucosx  to  open  on  the  surface.     They  seem  to  be  the  homologues 
of  the  pyloric  glands  of  the  stomach  (fig.  214).] 

[Solitary  Follicles  are  small  round  or  oval  white  masses  of  adenoid  tissue 
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(.5-2  mm.  in  diameler),  with  their  deeper  parts  embedded  in  the  submucosa, 

and  their  apices  projecting  into  the  mucosa  of  the  intestine.  They  begin  at 
the  pyloric  end  of  the  stomach,  and  are  found  throughout  the  whole  intestine 
— small  and  large.  They  consist  of  small  masses  of  adenoid  tissue  loaded  with 
leucocytes  (fig.  234)-  The  small,  round,  or  oval  masses  at  first  lie  in  the 
mucous  coat,  their  apex  covered  by  the  epithelium,  with  few  goblet-cells,  while 
their  outer  part  rests  on  the  muscularis  mucosse.  As  they  develop,  they  grow 
outwards  through  the  muscularis  mucosae,  and  penetrate  into  the  sub-mucous 
coat,  so  that  they  become  pear-shaped,  the  narrow  end  of  the  pear  being 


Fig.  156.- 

tlirected  towards  and  covered  by  the  epithelium  of  the  gut.  At  the  same  time 
LieberkUhn's  glands  are  pressed  aside  and  no  villi  lie  over  the  follicles.  In 
the  centre  of  each  is  a  germ-centre,  where  the  leucocytes  often  exhibit  mitosis. 
Many  of  the  leucocytes  wander  out  between  the  epithelial  cells  just  as  in  the 
tonsil.  They  are  well  supplied  with  blood-vessels  (§  197),  although  no 
lymphatic  vessels  enter  them.  They  are  surrounded  by  lymphatics,  and,  in 
fact,  they  may  be  said  to  hang  into  a  lymph-stream.  The  distribution  o( 
solitary  follicles  is  fairly  uniform  in  the  small  intestine ;  their  number  gcnetallr 
increases  from  the  stomach  to  the  large  intestine ;  although  there  are  consider- 
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able  variations  in  different  individuals,  there  seems  to  be  the  same  number  of 
^litary  follicles  and  Peyer's  patches  in  the  infant  as  in  the  adiilt.] 

[Peyer's  patches,  or  agminated  glands,  consist  of  groups  (10-80  or 
more)  of  lymph -follicles,  lying  side  by  side  like  the  foregoing  (figs.  249,  355). 
The  masses  are  often  more  or  less  fused  together,  their  bases  lie  in  the  sub- 
niucoea,  while  their  summits  project  into  the  mucosa,  where  they  are  covered 
merely  by  the  columnar  epithelium  of  the  intestine.  The  lymph -corpuscles 
often  pass  between  the  epithelial  cells.  The  patches  so  formed  have  their  long 
axis  in  the  axis  of  the  intestine,  and  they  are  always  placed  opposite  the  attach- 
ment of  the  mesentery.  Like  the  solitary  glands,  they  are  well  supplied  with 
blood-vessels,  while  around  them  is  a  dense  plexus  of  lymphatics  or  lacteals. 
They  arc  most  abundant  in  the  lower  part  of  the  ileum.  These  glands  are 
specially  affected  in  typhoid  fever.] 


CireuUr 


rsS: 


Fig.  as?- 
Longitudioal  leOirai  of  (he  large  intestine. 

[Blood-vessels  of  the  Small  Intestine  (fig.  256). — Branches  of  the 
mesenteric  arteries  from  between  the  two  layers  of  the  peritoneum  reach  the 
intestine,  and  ramify  under  the  serous  coat.  At  intervals  they  penetrate  the 
longitudinal  and  circular  muscular  coats,  giving  off  branches  of  supply  to  these 
as  they  pass.  Fairly  large  branches  enter  the  sub-mucous  coat  and  ramify  in  it, 
and  from  these  fine  branches  arise,  which  run  vertically,  and  form  a  rich  plexus 
around  Lieberkiihn's  glands,  while  another  branch  ascends  in  each  villus  as 
already  described.  The  blood  is  returned  by  corresponding  veins.  Mall  has 
shown  that  small  capillary  venous  plexuses  exist  in  the  sub-mucous  coat.  The 
mucous  coat  is  far  more  vascular  than  the  mtiscular.] 

[Nerves  of  the  Intestine. — The  nerves  of  the  small  intestine  come 
from  the  superior  mesenteric  plextis,  and  pass  along  the  branches  of  the  superior 
24 
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mesenteric  artery.  The  large  intestine  is  supplied  by  branches  from  the 
inferior  mesenteric  and  hypogastric  plexuses.  The,  for  the  most  part,  non- 
medullated  nerve-fibres  pass  from  the  vessels  to  the  intestine,  where  they  form 
a  plexus  under  the  peritoneal  coat  of  the  gut  and  from  this  branches  penetrate 
the  muscular  coat  to  form  Auerbach's  plexus.  This  plexus  exists  through- 
out the  whole  intestinal  tract,  lying  between  the  longitudinal  and  circular  mus- 
cular coats  (figs.  205,  206).  This  plexus,  with  angular  or  polygonal  meshes, 
consists  of  non-medullated  nerves  with  groups  of  multipolar  ganglionic  cells  at 
the  nodes.  Fibres  are  given  off  by  it  to  the  muscular  coats.  Connected  by 
branches  with  the  foregoing,  and  lying  in  the  sub-mucosa,  is  the  plexus  of 
Meissner,  which  is  much  finer,  the  meshes  being  wider,  the  nodes  smaller, 
but  also  provided  with  ganglionic  cells.  It  supplies-  the  muscular  fibres  and 
arteries  of  the  mucosa,  including  those  of  the  villi.  It  al^  sends  branches  to 
Lieberktihn's  glands  (fig.  207).] 

[Structure  of  the  Large  Intestine. — It  has  four  coats,  like  those  of 
the  small  intestine.  The  serous  coat  has  the  same  structure  as  that  of  the 
small  intestine.  The  muscular  coat  has  external  longitudinal  fibres  occur- 
ring all  round  the  gut,  but  they  form  three  flat  ribbon- like  longitudinal  bands 
in  the  caecum  and  colon  (fig.  257).  Inside  this  coat  are  the  circular  fibres. 
The  sub-mucosa  is  practically  the  same  as  that  of  the  small  intestine.  The 
mucosa  is  distinguished  by  negative  characters.  It  has  no  villi  and  no  Peyer's 
patches,  but  otherwise  it  resembles  structurally  the  small  intestine,  consisting  of 
a  basis  of  adenoid  tissue  with  the  simple  tubular  glands  of  Lieberkiihn  (fig. 
239).  These  glands  are  very  numerous  and  somewhat  longer  than  those  of  the 
small  intestine,  and  they  always  contain  far  more  goblet-cells — about  ten  times 
as  many.  The  cells  lining  them  are  devoid  of  a  clear  disc.  Solitary  glands 
occur  throughout  the  entire  length  of  the  large  intestine.  At  the  bases  of 
LieberkUhn's  glands  is  the  muscularis  mucosae.  The  blood-vessels  and 
nerves  have  a  similar  arrangement  to  those  in  the  stomach.] 

[Blood- Vessels. — On  looking  down  on  an  opaque  injection  of  the  mucous 
membrane  of  the  stomach,  one  sees  a  dense  meshwork  of  polygonal  areas  of 
unequal  size,  with  depressions  here  and  there.  The  orifices  are  the  orifices  of 
the  gastric  glands,  each  surrounded  by  a  capillary.  A  somewhat  similar  appear- 
ance is  seen  in  an  opaque  injection  of  the  mucous  membrane  of  the  large  intes- 
tine, but  in  the  latter  the  meshwork  is  uniform y  all  the  orifices  (of  Lieberktihn's 
glands)  being  of  the  same  size.] 

191.  ABSORPTION  OF  THE  DIGESTED  FOOD.— The  ph/- 
sical  forces  concerned  are: — endosmosis,  diffusion,  and  filtration. 

All  the  constituents  of  the  food,  with  the  exception  of  the  fats,  which  in  part  are  chaxigcti 
into  a  fine  emulsion,  are  brought  into  a  state  of  solution  by  the  digestive  processes.  Ttee 
substances  pass  through  the  walls  of  the  intestinal  tract,  either  into  the  blood-vessels  of  the 
mucous  membrane  or  into  the  beginning  of  the  lymphatics.  In  this  passage  of  the  fluids  two 
physical  processes  come  into  play — endosmosis  and  diffusion  as  well  z&  filtration. 

I.  Endosmosis  and  diffiision  occur  between  two  fluids  which  are  capable  of  fonnii^  an 
intimate  mixture  with  each  other,  e,  g.,  hydrochloric  acid  and  water,  but  never  between  two  fluids 
which  do  not  form  a  perfect  mixture,  such  as  oil  and  water.  If  two  fluids  capable  of  mixing 
with  each  other,  but  of  different  compositions,  be  separated  from  each  other  by  means  of  a  sep> 
turn  with  physical  pores  (which  occur  even  in  a  homogeneous  membrane),  an  exchange  of  the 
constituents  in  the  fluids  occurs  until  both  fluids  have  the  same  composition.  This  exchange  of 
fluids  is  termed  endosmosis  or  diosmosis. 

Diffusion. —  If  the  two  miscible  fluids  are  placed  in  a  vessel,  the  one  fluid  over  the  other, 
but  without  being  separated  by  a  porous  sq>tum,  an  exchange  of  the  particles  of  the  fluids  abo 
occurs,  until  the  whole  mixture  is  of  uniform  composition.    This  process  is  called  liquid  diffmsiim. 

Conditions  influencing  Diffusion. — Graham's  investigations  showed  that  the  rapidity  of 
diffusion  is  influenced  by — \\)  The  nature  of  the  fluids  themselves;  acids  diffuse  most  nmid}}'; 
the  alkaline  salts  more  slowly;  and  most  slowly,  fluid  albumin,  gelatin,  gum,  dextrin.  Tbc^ 
last  do  not  crystallize,  and  perhaps  do  not  form  true  solutions.    (2)  The  more  concentrated  the 
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soladoos,  the  greater  the  diffusion.  (3)  Hf  at  accelerates,  while  cold  retards,  the  process.  (4) 
If  a  solotioQ  of  a  body  which  diffuses  with  difficulty  be  mixed  with  an  easily  diffusible  one,  the 
former  diffuses  with  still  greater  difficulty.  (5)  Dilute  solutions  of  several  substances  diffuse 
into  each  other  without  any  difficulty,  but  if  concentrated  solutions  are  employed,  the  process  is 
retarded.  (6)  Double  salts,  one  constituent  of  which  diffuses  more  readily  than  the  other,  may 
be  chemically  separated  by  diffusion. 

Endosmotneter. — The  exchange  of  the  fluid  particles  takes  place  independently  of  the 
h3rdrostatic  pressure.  An  endosmometer  (fig.  258)  consists  of  a  glass  cylinder  filled  with 
distilled  water,  and  into  this  is  placed  a  flask,  J,  without  a  bottom,  instead  of  which  a  mem- 
brane, m,  is  tied  on.  A  glass  tube,  R,  is  flxed  firmly  by  means  of  a  cork  into  the  neck  of  the 
flask.  The  flask  is  filled  up  to  the  lower  end  of  the  tube  with  a  concentrated  salt  solution,  and 
is  then  pkiced  in  the  cylindrical  vessel  until  both  fluids  are  on  the  same  level,  x.  The  fluid  in 
the  tube,  R,  soon  begins  to  rise,  because  water  passes  through  the  membrane  into  the  concen- 
trated solution  in  the  flask-,  and  thb  independently  of  the  hydrostatic  pressure.  Particles  of 
the  concentrated  salt  solution  pass  into  the  cylinder  and  mix  with  the  water,  F.  These  outgoing 
and  ingoing  currents  continue  until  the  fluids  without  and  within  J  are  of  uniform  composition, 
whereby  the  fluid  in  R  always  stands  higher  (^.^.,  at^),  while  it  is  lowered  in  the  cylinder. 
The  circumstance  of  the  level  of  the  fluid  within  the  tube  being  so  high,  and  remaining  so,  is 
doe  to  the  fact  that  the  pores  in  the  membrane  are  too  fine  to  allow  the  hydrostatic  pressure  to 
act  through  them. 

Endosmotic  Equivalent. — Experiment  has  shown  that  equal  weights  of  different  soluble 
substances  actraa  different  aoKmnts  of  distilled  water  through  the  membrane,  t.  f,,  a  known 
weight  of  a  soluble  substance  (in  the  flask)  can  be  exchanged  by  endos- 
mosis  for  a  definite  weight  of  water.    The  term  **  endosmotic  equivalent  '*  . 

indicates  the  weight  of  distilled  water  that  passes  into  the  flask  of  the 
endosmometer,  in  exchange  for  a  known  weight  of  the  soluble  substance 
(/oUy).  For  I  grm.  alcohol  4.2  grms.  water  were  exchanged ;  while  for 
1  grm.  NaQ,  4.3  gnns.  water  passed  into  the  endosmometer.  The  follow- 
ing numbers  give  die  endosmotic  equivalent  of — 


Acid  potassium  sulphate,  =   2.3 
Common  Salt,      .    .    .     •=   4.3 

Supr,       =7.1 

Sodium  sulphate,     .    .     -=11.6 


;^ 


Magnesium  sulphate,  =    1 1.7 

Potassium  sulphate,  =    12.0 

Sulphuric  acid,       .    .  =     0.39 

Potassium  hydrate,    .  .=  215.0 

The  amount  of  the  substance  which  passes  through  the  membrane  into 
the  water  of  the  cylinder  is  proportional  to  the  concentration  of  the 
solution.  If  the  water  in  the  cylinder,  therefore,  be  repeatedly  renewed, 
the  endosmosis  takes  place  more  rapidly  and  the  process  of  equilibration 
is  accelerated.  The  larger  the  pores  of  the  membrane,  and  the  smaller  the 
molecules  of  the  substance  in  solution,  the  more  rapid  is  the  endosmosis. 
Hence,  the  rapidity  of  endosmosis  of  different  substances  varies,  f.g:,  the 
rapidity  of  sugar,  sodium  sulphate,  common  salt,  and  urea  is  in  the  ratio 
of  I  :  I.I  :  5  :  9.5. 

7%^  endosmotic  equivalent  it  not  constant  for  each  substance.  It  is 
influenced  by — (i)  The  temperature,  which,  as  it  increases,  generally 
increases  the  endosmotic  equivalent.  (2)  It  also  varies  with  the  degree 
of  concentration  of  the  osmotic  solutions,  being  greater  for  dilute  solutions 
of  the  substances. 

If  a  substance  other  than  water  be  placed  in  the  cylinder,  an  endosmotic 
current  occurs  00  both  sides  until  complete  equality  b  obtained.  In  this 
case,  the  currents  in  opposite  directions  disturb  each  other.  If  two  sub- 
stances be  dissolved  in  the  water  in  the  flask  at  the  same  time,  they  diffuse 
into  water  without  affecting  each  other.  (3)  It  also  varies  with  membranes 
of  varying  porosity.  Common  salt,  whicn  gives  an  endosmotic  equivalent 
with  a  pig*8  bladder  =  4.3  gives  6.4  when  an  ox  bladder  is  used ;  2.9  with 
a  swimming  bladder ;  and  20.2  with  a  collodion  membrane. 

Colloids. — ^There  are  many  fluid-substances  which,  on  account  of  the  great  size  of  their 
molecules,  do  not  pass,  or  pass  only  with  difficulty,  through  the  pores  of  a  mem  brane  impreg- 
nated with  gelatinous  bodies,  which  diffuse  slowly.  These  substances  are  not  actually  in  a 
true  state  of  solution,  but  exist  in  a  very  dilute  condition  of  imbibition.  Such  substances  are 
the  fluid  proteids,  starches,  dextrin,  gum,  and  gelatin.  These  diffuse  when  no  septum  is  present, 
but  diffuse  with  difficulty  or  not  at  all  through  a  porous  septum.  Graham  called  these  sub- 
stances colloids,  because,  when  concentrated,  they  present  a  glue- like  or  gelatinous  appear- 
ance ;  further  they  do  not  crystallize,  while  those  substances  which  diffuse  readily  are  crystalline, 
and  are  called  crystalloids.  Crystallizable  substances  may  be  separated  from  non-crystallizable 
by  thb  process,  which  Graham  called  dialysis.  Mineral  salts  favor  the  passage  of  colloids 
through  membranes. 


Fig.  258. 
Endosmometer. 


372  ABSORPTION   OF   WATER   AND  SALTS.  [ScC.  IQI. 

That  endosmosis  and  diffusion  take  place  in  the  intestinal  tract,  through 
the  mucous  membrane  and  the  delicate  membranes  of  the  blood-  and  lymph- 
capillaries,  cannot  be  denied.  On  the  one  side  of  the  membrane,  within  the 
intestine,  are  relatively  concentrated  solutions  of  highly  diffusible  salts,  pep- 
tones, sugar,  and  soaps,  and  within  the  blood-vessels  are  the  colloids,  which 
are  scarcely  diffusible,  e,  g,^  the  proteids  of  blood  and  lymph. 

II.  Filtration  is  the  passage  of  fluids  through  the  coarse  intermolecular  pores  of  a  membrane 
owing  to  pressure.  The  grreater  the  pressure,  and  the  larger  and  more  numerous  the  pores, 
the  more  rapidly  does  the  fluid  pass  through  the  membrane ;  increase  of  temperature  also 
accelerates  it.  Those  substances  which  are  imbibed  by  the  membrane  Alter  most  rapidly,  so 
that  the  same  substance  Alters  through  different  membranes  with  varying  rapidity.  The  Bltratioo 
is  usually  slower,  the  greater  the  concentration  of  the  fluid.  The  Alter  has  the  property  of  retain- 
ing some  of  the  substances  from  the  solution  passing  through  it,  e.g,^  colloid  substances— or  water 
(in  dilute  solutions  of  nitre).  In  the  former  case,  the  flltrate  is  more  dilute,  in  the  latter  more 
concentrated,  than  before  filtration.  Other  substances  Alter  without  undergoing  any  change  of 
concentration.  Many  membranes  behave  differently,  according  to  which  surface  is  placed  next 
the  fluid ;  thus  the  shell-membrane  of  an  egg  permits  Altration  only  from  without  inwards ;  [and 
the  same  is  true  to  a  much  less  extent  with  Alter-paper ;  the  smooth  side  of  the  Alter-paper  cragfat 
always  to  be  placed  next  the  fluid  to  be  filtered.  The  intact  skin  of  the  grape  prevents  the 
entrance  of  fungi  into  the  fruit.]  There  is  a  similar  diflierence  with  the  gastric  and  intestinal 
mucous  membrane. 

[By  using  numerous  layers  of  Alter-paper,  many  colloids  and  oystalloids  are  retained  in  the 
Alter,  e,g.^  haemoglobin,  albumin,  and  many  coloring  matters,  especially  aniline  colors,  the  last 
being  arrested  by  glass-wool  {Krysinskt)^ 

[Filtration  of  Albumin. — Rnneberg  finds  that  the  amount  of  albumin  in  pathological  transu- 
dations varies  with  (l)  the  capillary  area^  being  least  in  oedema  of  the  subcutaneous  lissoe. 
(2)  The  presence  or  absence  of  inflammatory  processes  in  the  vascular  wall,  non-inflammatory 
pleunttc  effusion  containing  2  per  cent.,  and  inflammatory  6  per  cent.,  of  albumin.  (3)  The 
condition  and  amount  of  albumin  in  (he  blood.  The  amount  of  albumin  in  the  transudate  never 
reaches,  although  it  sometimes  approaches,  that  in  blood.  In  ascites  in  general  dropsy  the 
amount  b  .03  to  .04  per  cent.  (4)  The  duration  of  the  transudation.  (5]  Perhaps  the  blood- 
pressure  and  the  condition  of  the  circulation.] 

Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the 
digestive  tract  when  :  (i)  The  intestine  contracts  and  thus  exerts  pressure  upon 
its  contents.  This  is  possible  when  the  tube  is  narrowed  at  two  points,  and  the 
musculature  between  these  two  points  contracts  upon  the  fluid-contents.  (2) 
Filtration,  under  negative  pressure,  may  be  caused  by  the  villi  {BrOcke). 
When  the  villi  contract  energetically,  they  empty  their  contents  towards  the 
blood-  and  lymph-vessels.  The  lacteal  remains  empty,  as  the  chyle  is  pre- 
vented from  passing  backwards  into  the  origin  of  the  lacteal  within  the  villi, 
owing  to  the  presence  of  numerous  valves  in  the  lymphatics.  When  the  villi 
relax,  they  are  refilled  with  fluids  from  the  intestine. 

192.  ABSORPTION  BY  THE  INTESTINAL  WALL.— I.  True 
solutions  undoubtedly  pass  by  endosmosis  into  the  blood-vessels  and  lymph- 
atics of  the  intestinal  walls,  but  numerous  facts  indicate  that  the  protoplasm  of 
the  cells  takes  an  active  part  in  the  process  of  absorption.  The  forces  concerned 
have  not  as  yet  been  proved  to  be  purely  physical  and  chemical  in  their  nature. 

(i)  Inorganic  Substances. — Water  and  soluble  salts  necessary  for 
nutrition  are  easily  absorbed,  the  latter  especially  by  the  blood-  and  lymph- 
vessels.  When  saline  solutions  pass  by  endosmosis  into  the  vessels,  water 
must  pass  from  the  intestinal  vessels  into  the  intestine.  The  amount  of  water, 
however,  is  small,  owing  to  the  small  endosmotic  equivalent  of  the  salts  to  be 
absorbed.  More  salts  are  absorbed  from  concentrated  than  from  dilute  solutions. 
If  large  quantities  of  salt,  with  a  high  endosmotic  equivalent,  e,  g,,  magnesium 
or  sodium  sulphate,  are  introduced  into  the  intestine,  these  salts  retain  the 
water  necessary  for  their  solution,  and  may  thus  cause  diarrhoea.  Conversely, 
when  these  substances  are  injected  into  the  blood,  a  large  quantity  of  water 
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passes  from  the  intestine  into  the  blood,  so  that  constipation  occurs,  owing  to 
dryness  of  the  intestinal  contents  {Auberi). 

[M.  Hay  concludes  from  bis  eipcKmcDts  (|  161)  that  gaits,  whcD  placed  in  the  intestines, 
do  not  abstract  waler  from  the  blood,  or  are  Ihemselves  absorbed,  in  virtue  of  ao  endosmotjc 
retatioD  being  established  between  the  blood  and  tbc  saline  solution  in  Ihe  inlestines.  Absorp- 
tion is  probably  due  (o  the  filtration  and  diffusion,  or  processes  of  imbibition  other  tllBn  endos- 
■MKJs,  as  yet  little  understood.  The  result  obtained  by  Aubert,  which  is  not  constant,  is  mostly 
caused  by  the  grea(  diuresis  which  Ihe  injected  salt  exciles.]  The  absorption  of  fluids  lakes 
[dace  best  at  a  medium  pressure  of  80  to  140  cm.  of  water  within  the  intestine ',  higher  pressure 
compressea  the  blood-vessels  and  diminishes  the  absoiption.  During  digestion,  owing  to  ihe 
dilatation  of  the  Tessrls,  absorption  is  more  rapid.  The  fact  that  0.5  per  ceol.  solution  of  NaCl 
is  absorbed  belter  than  water,  and  soda  solution  than  potash  solution,  seems  lo  show  that  physical 
forces  are  not  the  only  factors  concerned. 


Fig.  159. 
Transverse  section  of  an  intestinal  villus  (dog).    /,  lacteal ;  c,  ca[Mllaries ;  ni,  muscular  fibres. 

Numerous  inorganic  substances,  which  do  not  occur  in  the  body,  are  absorbed  by  endosmosis 
from  the  intestine,  e.g.,  dilute  sulphuric  acid,  potassium  iodide,  chlorate,  and  bromide,  and 
many  other  salts. 

[That  the  water  passes  chiefly  into  the  blood -capillaries,  and  only  a  small 
amount  by  the  lacteals,  appears  to  be  due  to  the  superficial  position  of  these 
capillaries  immediately  under  the  epithelium  of  the  villus  (fig.  259,  c).  If 
water  be  injected  into  a  loop  of  intestine  in  the  dog,  and  a  fistula  made  on  the 
thoracic  duct  so  as  to  collect  Ihe  chyle,  the  chyle-stream  is  but  slightly  increased 
during  the  absorption  of  the  water  from  the  intestine,  so  that  perhaps  a  large 
part  of  the  fluid  of  the  chyle  is  derived  from  the  lymph  formed  by  the  capillaries 
of  the  villi.  The  water  appeare  to  pass  between  the  cells,  as  well  as  through, 
the  cell  protoplasm. 

Physical  forces,  e.g.,  diffusion,  do  not  seem  to  yield  a  satisfactory  explanation 
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of  the  absorption  of  water  from  the  intestine.  If  a  solution  of  grape-sugar  and 
sodic  sulphate  be  injected  into  a  loop  of  intestine,  the  whole  of  the  former  is 
absorbed,  but  there  always  remains  a  considerable  amount  of  the  latter  in  the 
gut,  although  sodic  sulphate  has  a  higher  rate  of  diffusion  than  grape-sugar. 
Indeed,  for  many  soluble  substances  {e,  g,y  pigments)  the  epithelium  is  quite 
impervious. 

As  a  general  rule,  soluble  substances  pass  in  the  same  way  as  the  water,  /.^., 
into  the  blood-vessels,] 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief 
representatives  are  maltose  and  dextrose,  with  a  relatively  high  endosmotic 
equivalent.  Cane-sugar  is  changed  by  a  special  ferment  into  invert-sugar 
(§  '83*  S)'  Absorption  appears  to  take  place  somewhat  slowly,  as  only  very 
small  quantities  of  grape-sugar  are  found  in  the  chyle  vessels,  or  the  portal  vein, 
at  any  time.  According  to  v.  Mering,  the  sugar  passes  from  the  intestine  into 
the  rootlets  of  the  portal  vein  ;  dextrin  is  also  said  to  occur  in  the  portal 
vein.  [This  latter  statement  is  highly  doubtful.]  When  the  blood  of  the 
portal  vein  is  boiled  with  dilute  sulphuric  acid  the  amount  of  sugar  is  increased. 
[There  is  no  proof  that  the  carbohydrates  are  absorbed  in  any  other  form  than 
sugar.]  The  amount  of  sugar  absorbed  depends  upon  the  concentration  of  its 
solution  in  the  intestine  ;  hence  the  amount  of  sugar  in  the  blood  is  increased 
after  a  diet  containing  much  of  this  substance,  so  that  it  may  appear  in  the 
urine ;  in  which  case  the  blood  must  contain  at  least  0.6  per  cent,  of  sugar.  A 
small  amount  of  cane-sugar  has  also  been  found  in  the  blood  (C7.  Bernard). 
If  a  large  quantity  of  sugar  be  present  in  the  intestine  a  part  passes  into  the 
lymphatics  or  lacteal  {Ginsberg),  The  sugar  is  used  up  in  the  bodily  meta- 
bolism ;  some  of  it  is  perhaps  oxidized  in  the  muscles  (§  176). 

[Injection  of  Sugar  into  Blood. — Lactose  when  injected  into  a  vein  is  excreted  unchanged 
in  the  urine,  but  galactose  is  almost  completely  assimilated,  only  a  trace  appearing  in  the  urine. 
Lactose,  therefore,  requires  to  be  changed  in  the  intestinal  canal  before  it  can  be  assimilated. 
(Dasire),    Cane-sugar  is  excreted  in  the  urine  as  a  foreign  body.     Grape-sugar  (p.  33a).] 

(3)  The  peptones  have  a  small  endosmotic  equivalent,  a  2  to  9  per  cent,  solu- 
lion  =  7  to  10  [while  albumin  has  100].  Owing  to  their  great  diffusibility 
they  are  readily  absorbed,  and  they  are  the  chief  representatives  of  the  pro- 
teids  which  are  absorbed.  The  amount  absorbed  depends  upon  the  concentra- 
tion of  their  solution  in  the  intestine.  [According  to  P16sz  and  GySrgyai, 
Drosdoff  and  Schmidt-Mulheim,  peptones  occur  only  in  traces  in  the  blood  of 
the  portal  vein.  Neumeister,  however,  using  the  best  methods,  finds  that 
although  peptones  are  abundant  in  the  intestine,  not  a  trace  of  peptone 
or  of  the  albumoses  is  found  either  in  the  blood  or  lymph.  This  coincides 
with  Hofmeister's  researches.  As  no  peptones  or  albumoses  have  been 
found  in  the  blood,  and  as  they  can  compensate  for  the  total  metabolism  of  the 
proteids  within  the  body,  we  must  assume  that  they  are  rapidly  converted  into 
true  albuminous  bodies,  somewhere  between  the  cavity  of  the  intestine  and 
the  blood-stream,  /.^.,  in  the  wall  of  the  intestine  itself.]  Hofmeister  supposes 
that  the  leucocytes  absorb  the  peptones  and  act  as  their  carriers,  much  as  the 
red  corpuscles  are  oxygen  carriers.  They  carry  the  peptones  into  the  mucoas 
membrane  of  the  stomach  and  small  intestine,  which  are  very  rich  in  peptone 
at  the  fourth  hour  of  digestion.  [The  number  of  leucocytes  is  greatly 
increased  in  the  mucous  membrane,  especially  in  the  stomach  and  upper  part 
of  the  duodenum,  during  digestion,  and  diminished  during  fasting  in  dogs  and 
cats.  The  same  is  the  case  with  the  lymph-follicles,  the  cells  of  which  are 
formed  by  the  division  of  the  pre-existing  cells.]  [Thus  the  mucous  membrane 
possesses  the  property  of  changing  peptone  into  albumin  (Saivioii).  Heidenhain 
regards  the  epithelium  of  the  villi  as  the  seat  of  these  changes.     He  supposes 
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that  the  epithelium  covering  the  villi  reconvert  the  peptone  into  albumin,  and 
give  it  up  to  the  blood -capillaries  lying  immediately  below  the  epithelial  cells. 
At  all  events,  some  structures  in  the  mucous  membrane  are  capable  of  effecting 
the  reconversion  of  peptones  into  albumin.]  When  animals  are  fed  on  pep- 
tones (with  the  necessary  fat  or  sugar),  these  serve  to  maintain  the  body-weight. 

[It  was  formerly  stated  that  the  liver  possessed  the  power  of  converting  peptones  into  albumin 
Neumeister  completely  disproved  this  view  by  perfusing  blood  containing  peptones  through  an 
exased  but  still  living  liver,  and  finding  that  no  such  change  was  effected.  Also  by  injecting  pep- 
tones and  albumoses  into  a  mesenteric  vein,  almost  all  the  peptone  was  excreted  by  the  urine, 
only  a  minute  quantity  being  found  in  the  small  intestine.] 

[If  a  loop  of  mesentery  be  excised,  and  blood  perfused  through  its  suteries,  i.e.f  an  artificial 
circulation  kept  up,  the  loop  will  live  for  some  time.  If  peptone  be  placed  in  the  cavity  of  the 
loop,  it  will  gradually  disappear  from  the  intestine,  nor  can  it  be  recovered  from  the  blood. 
It  is  absorbed,  but  apparently  not  as  peptone.  It  is  not  changed  by  the  blood,  for  peptone  added 
to  blood  before  it  is  perfused  can  be  recovered  from  the  blood  after  its  perfusion.  This  experi* 
meot  also  points  to  the  peptone  being  changed  in  its  passage  through  the  wall  of  the  intestine 
[Ltukvig  and  Sahnoli ).] 

[Injection  of  Peptone  into  Blood. — When  peptone  is  slowly  injected  into  the  blood  of  an 
animal,  within  a  short  time  thereafter  no  trace  of  the  peptone  is  to  tne  found  in  the  blood,  liver, 
spleen,  or  small  intestine,  and  only  traces  in  the  kidney.  It  is  rapidly  excreted,  by  the  kidneys, 
so  that  the  urine  is  like  a  solution  of  peptone.  If  a  large  quantity  be  rapidly  injected  the  rab- 
bit dies,  and  much  peptone  is  found  in  the  small  intestine.  It  would  seem  as  if  the  kidne3rs 
could  not  excrete  it  quick  enough,  with  the  result  that  it  passed  into  the  intestine.  Peptones,  or 
rather  albumoses,  so  injected  prevent  the  blood  of  the  dog  (not  of  the  rabbit,  cat,  or  pig)  firom 
coj^lating  (p.  37).  In  large  quantity  they  are  fatal.  Five  c.c.  of  a  ao  per  cent,  solution  in  0.6 
per  cent.  NaCl  solution  is  fatal  to  a  dog  weighing  about  8  kilos.  (17  lbs.).  The  peptones  used 
ID  these  experiments  were  really  a  mixture  of  peptones  and  albumoses.  Neumeister  finds  that 
in  the  dc^,  when  albumoses  are  injected  into  the  blood  they  reappear  in  the  urine,  but  some- 
where in  the  body  they  undergo  hydration  in  the  sense  in  which  peptic  digestion  causes  hydra- 
tion. The  two  primary  albunK>8es  reappear  almost  completely  as  deutero-albumose,  and  deutero- 
albomose,  when  introduced,  reappears  as  peptone.  Peptone,  however,  rekppears  unchanged. 
In  rablnts,  albumose  reappears  unchanged  in  the  urine.] 

(4)  Unchanged  true  proteids  filter  with  great  difficulty,  and  much  albu- 
min remains  upon  the  filter.  On  account  of  their  high  endosmotic  equivalent 
they  pass  with  extreme  slowness,  and  only  in  traces,  through  membranes. 
Nevertheless,  it  has  been  conclusively  proved  that  unchanged  proteids  can  be 
absorbed  {Brucke)^  e,g,y  casein,  soluble  myosin,  alkali-albuminate,  albumin 
mixed  with  common  salt,  gelatin  {Voity  Bauer ^  Eichhorst).  They  are  absorbed 
even  from  the  large  intestine  {Czerny  and Latschenberger)^  although  the  human 
large  intestine  cannot  absorb  more  than  6  grms.  daily.  But  the  amoOnt  of 
unchanged  proteids  absorbed  is  always  very  much  less  than  the  amount  of  pep- 
tone. 

Other  Proteids. — Egg-albumin  without  common  salt,  syntonin,  serum-albumin,  and  fibrin  are 
not  absorbed  fix>m  the  intestine  {Eichhorst).  Landois  observed,  in  the  case  of  a  young  man 
who  took  the  whites  of  14  to  20  eggs  along  with  NaCl,  that  albumin  was  given  off  by  the  urine 
for  4  to  10  hours  thereafter.  The  amount  of  albumin  given  off  rose  until  the  third  day,  and 
ceased  on  the  fifth  day.  The  more  albumin  taken,  the  sooner  the  albuminuria  appeared,  and 
the  longer  it  lasted.  The  unchanged  egg-albumin  reappeared  in  the  urine.  If  unboiled  egg- 
albumin  be  injected  into  the  bloixl,  part  of  it  reappears  in  the  urine,  [so  that  it  is  not  assimila- 
ted by  the  tissues.  Before  this  can  occur  it  must  be  altered  in  the  digestive  tract  If  it  be 
changed  into  syntonin  or  into  alkali  albumin,  however,  and  then  injected  into  a  vein  (dog), 
not  a  trace  of  these  appears  in  the  urine,  so  that  they  seem  to  be  assimilated  in  the  blood-stream. 
Casein  similarly  injected  causes  albuminuria,  so  that  the  changes  casein  undergoes  during  diges- 
tion prevents  it  from  being  excreted  from  the  blood  by  tiie  kidneys  (^Neumeister)  (J  41,  a), 
\Stokvis,  Lehmann)^ 

(5)  The  soluble  fat-soaps  represent  only  a  fraction  of  the  fats  of  the  food 
which  are  absorbed  ;  the  greater  part  of  the  neutral  fats  being  absorbed  in  the 
form  of  very  fine  particles — as  an  emulsion  (§  192,  II).  The  absorbed  soaps 
have  been  found  in  the  chyle  y  and  as  the  blood  of  the  portal  vein  contains  more 
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soaps  during  digestion  than  during  hunger,  it  has  been  assumed  that  the  soaps 
pass  into  the  intestinal  blood-capillaries.  Still  only  a  very  small  amount  passes 
into  the  blood  (y.  Munk), 

The  investigations  of  Lenz,  Bidder,  and  Schmidt  render  it  probable  that  the  organism  can 
absorb  only  a  limited  amount  of  fat  within  a  given  period ;  the  amount,  perhaps,  bears  a  relation 
to  the  amount  of  bile  and  pancreatic  juice.  The  maximum  per  kilo,  (cat)  was  0.6  grm.  of  fat 
per  hour. 

[Injection  of  Soaps  into  the  Blood. — If  a  certain  amount  of  pure  oleate  of  soda  (soap 
per  kilogram  weight  be  injected  into  a  vein  in  a  dog  or  rabbit,  the  blood- pressure  falls  and  death 
may  take  place.  If,  however,  the  soap  solution  be  injected  into  the  rootlets  of  the  portal  vein  it 
requires  much  more  soap,  so  that  the  liver  appears  to  retain  a  large  part  of  it,  or  change  it 
chemically.  If  volatile  fatty  acids  (butyrate  of  soda)  be  injected  instead,  about  ten  times  the 
amount  can  be  injected.  Injection  of  soaps  into  the  blood  retards  the  coagulation  of  the  blood. 
In  some  resp>ects,  therefore,  soap-injection  is  like  peptone-injection,  but  the  poisonous  action  of 
the  peptone  is  not  diminished  by  the  liver  as  is  the  case  with  the  soaps.] 

The  greatest  amount  of  the  fats  in  the  intestine  are  conveyed  to  the  chyle  as 
neutral  fats.  It  would  appear  that  the  soaps  reunite  with  glycerin  in  the  paren- 
chyma of  the  villi,  to  form  neutral  fats,  as  Perewoznikoff  and  Will  found  neu- 
tral fats,  after  injecting  these  two  ingredients  into  the  intestinal  canal,  while 
Ewald  found  that  fat  was  formed  when  soaps  and  glycerin  were  brought  into 
contact  with  the  living  fresh  intestinal  mucous  membrane.  No  fatty  acids 
are  found  in  blood  (§  32,  II)  or  chyle  (§  198). 

Absorption  of  other  Substances. — Of  soluble  substances  which  are  introduced  into  the 
intestjinal  canal,  some  are  absorbed  and  others  are  not.  The  following  are  absorbed :  alcdiol, 
part  of  which  appears  in  the  urine  (nq^  in  the  expired  air),  viz.,  that  part  which  is  not  changed 
into  CO.  and  H,0,  within  the  body;  tartaric,  citric,  malic,  and  lactic  acids;  glycerin,  inultn; 
gum  ana  vegetable  mucin,  which  give  rise  to  the  formation  of  glycogen  in  the  liver. 

Amongst  coloring  matters,  alizarin  (from  madder),  alkanat,  indigo-sulphuric  acid,  and  hs 
soda-salt  are  absorbed ;  hsematin  is  partly  absorbed,  while  chlorophyll  is  not.  Metallic  salts 
seem  to  be  kept  in  solution  by  proteids,  are  perhaps  absorbed  along  with  them,  and  are  partly 
carried  by  the  blood  of  the  portal  vein  to  the  liver  (ferric  sulphate  has  been  found  in  chyle. 
Numerous  poisons  are  very  rapidly  absorbed,  e.g,^  hydrocyanic  acid  after  a  few  seconds;  potas- 
sium cyanide  has  been  found  in  the  chyle.  [If  salts  (KI,  sulphocyanide  of  ammonium)  be 
injected  into  a  ligatured  loop  of  intestine  (dog,  cat,  rabbit),  these  substances  are  absorbed  both 
by  the  blood-  and  lymph-vessels,  and  in  both  nearly  simultaneously.] 

Even  for  the  absorption  of  completely  fluid  substances,  endosmosis  and  filtration  seem  to  be 
scarcely  sufficient.  An  active  participation  of  the  protoplasm  of  the  cells  seems  here  also — in 
part  at  least — to  be  necessary,  else  it  is  difficult  to  explain  how  very  slight  disturbances  in  the 
activity  of  these  cells,  e.g.y  from  intestinal  catarrh,  cause  sudden  variations  of  absorption,  on  i 
even  the  passage  of  fluids  into  the  intestine. 

If  absorption  were  due  to  eflusion  alone,  when  alcohol  is  injected  into  the  intestine,  water 
ought  to  pass  into  the  intestine,  but  this  does  not  occur.  Brieger  found  that  the  injectton  of  a 
0.5  to  I  per  cent,  solution  of  salts  into  a  ligatured  loop  of  intestine  did  not  cause  water  to  pas> 
into  the  intestine ;  but  it  appeared  when  a  20  per  cent,  solution  was  injected. 

II.  Absorption  of  the  Smallest  Particles. — The  largest  amount  of  the 
neutral  fats  and  also  the  fatty  acids  are  simultaneously  absorbed  in  the  form 
of  a  milk-like  emulsion,  formed  by  the  action  of  the  bile  and  the  pancreatic 
juice,  and  consisting  of  excessively  small  granules  of  uniform  size  (§  1 70,  III : 
§  181).  The  fets  themselves  are  not  chemically  changed,  but  remain  as  unde- 
composed  neutral  fats.  The  particles  seem  to  be  surrounded  by  a  delicate 
albuminous  envelope,  or  haptogen  membrane,  partly  derived  from  the  pan- 
creatic juice  [probably  from  its  alkali-album inate].  The  process  of  the  ab- 
sorption of  fat  by  the  villi  is  one  of  the  most  obscure  in  physiology.  The  villi 
of  the  small  intestine  are  the  chief  organs  concerned  in  the  absorption  of  the 
fatty  emulsion,  but  the  epithelium  of  the  stomach  and  that  of  the  large  intestine 
also  take  a  part.  The  fatty  granules  are  recognized  in  the  villi — (i)  Within 
the  delicate  canals?  (§  190),  in  the  clear  band  of  the  epithelium  (^KdiUker  . 
[It  is  highly  doubtful  if  the  vertical  lines  seen  in  the  clear  disc  of  the  epithe- 
lium of  the  intestine  are  due  to  pores.]     (2)  The  protoplasm  of  the  epithelial 
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cells  U  loaded  with  fatty  granules  of  various  sizes  during  the  time  of  absorption, 
while  the  nuclei  of  the  cells  remain  free,  although,  from  the  amount  of  fat 
within  the  celb,  it  is  often  difficult  to  distinguish  them  ^fig.  360).  (3)  The 
granules  pass  into  the  spaces  of  the  parenchyma  of  the  villi ;  these  spaces  com- 
[QUDicate  freely  with  each  other.  (4)  The  origin  of  the  central  lymphatic 
or  lacteal  in  the  axis  of  the  villus  is  found  to  be  filled  with  fatty  granules. 

llic  amount  of  fat  in  the  chyle  of  a  dog,  after  a  fltcy  meal,  is  8  to  10  per 
cent,,  while  the  fat  disappears  from  the  blood  within  thirty  hours. 

[Absorption  of  Fat. — i.  Within  the  epithelial  cells. — As  to  the  ab- 
sorption of  fats,  the  balance  of  evidence  goes  to  show  that  it  passes  through  the 
body  of  the  epithelial  cells,  but  what  forces  are  concerned  in  this  process 
IS  noi  certain.  The  bile  at  least  seems  to  aid  the  process  within  the  epithelial 
cells;  the  fat  appears  in  droplets  of  variable  size  (fig.  260).  The  fat  enters  in 
small  droplets,  which  in  the  protoplasm  of  the  cell  may  run  together  to  form 
larger  ones.  The  fatty  contents  seem  to  be  driven  out  of  the  body  of  the  cells 
by  the  contraction  of  the  protoplasm  of  the  cells. 


Fie-  '6o,  Kig.  261. 

Voticjl  KclioD  of  the  epilhelium  of  s  villus,  showing         P"n«f»  ""d  duodenum  of  rabbit 

the  ihsorption  of  fat;  the  rally  Mrtieles  ate  blickened  dunng    digoUon    of    fat.-      S, 

bj  oanic  add.  Stomach  j  mg,  mesenlenc  gland ; 

t,  lacteals ;    d,    dnodcnum ;    pd, 

2.  In  the  Spaces  of  the  stroma  of  the  villi.— The  fatty  granules 
then  pass  into  the  pericellular  spaces  of  the  stroma  of  the  villi.  The  fatty  par- 
ticles are  carried  through  these  spaces  towards  the  lacteal  by  the  lymph-stream, 
which  flows  from  (he  superficially  placed  capillaries  towards  the  central  lacteal. 
This  current  carries  the  suspended  fatly  particles  floating  in  an  alkaline  stream. 

3.  In  the  lacteal. — The  so-called  "  molecular  basis"  of  the  chyle  is  first 
seen  and  appears  to  be  formed  as  the  suspended  fatty  granules  pass  into  the 
lacteal.  No  such  fine  fatty  emulsion  as  occurs  in  the  lacteals  is  found  in  the 
small  intestine,  nor  even  in  the  villus  itself. 

There  is  no  good  reason  for  believing  that  fat  passes  directly  into  the  blood- 
vesseKJ 

[Some  recent  observers,  e.g.,  Krehl,  doubt  whether  fat  is  absorbed  in  a  par- 
liculate  form  from  the  intestine,  and  they  regard  it  as  most  probable  that  the 
fat  is  absorbed  by  the  epithelium  in  a  soluble  form.] 

[C.  Bernard  noticed  in  rabbits,  in  whom  the  chief  pancreatic  duct  opens 
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separate  from  the  bile-duct,  and  low  down  in  the  intestine,  that  the  lacteals  first 
became  white  below  the  entrance  of  the  pancreatic  duct  (fig.  261).  This 
observation  led  him  to  attach  great  importance  to  the  emulsionizing  properties 
of  the  pancreatic  juice.] 

Fate  of  the  Fats, — The  excessively  fine  fatty  particles  are  used  up  by  the 
tissues,  but  all  tissues  do  not  do  so  equally.  They  are  taken  up  in  large  amount 
by  the  liver,  and  least  of  all  by  muscle.  The  tissues  are  said  to  split  up  the 
fats  into  glycerin  and  fatty  acids,  and  these  are  ultimately  oxidized  to  yield 
heat  chiefly. 

With  regard  to  the  forces  concerned  in  the  absorption  of  fats,  v. 
Wistinghausen  stated  that  when  a  porous  membrane  is  moistened  with  bile,  the 
passage  of  fatty  particles  through  it  is  thereby  facilitated  (p.  343)1  but  this  fact 
alone  does  not  explain  the  copious  and  rapid  absorption  of  fats.  It  is  possible 
that  the  protoplasm  of  the  epithelial  cells  is  actively  concerned  in  the  process, 
and  that  it  takes  the  particles  into  its  interior.  Perhaps  a  fine  protoplasmic 
process  is  thrown  out  by  these  cells,  just  as  pseudopodia  are  thrown  out  and 
retracted  by  lower  organisms.  [This,  however,  has  not  been  corroborated  by 
a  sufficient  number  of  observers.]  Perhaps  the  protoplasm  of  the  epithelial  cells, 
in  virtue  of  its  contractility,  forces  the  fatty  granules  out  of  the  cells  into  the 
spaces  of  the  villi,  whence  they  are  carried  by  the  lymph-stream  (p.  377),  and 
so  through  the  stomata  (?),  between  the  endothelial  cells  into  the  central  lac- 
teal of  the  villus.  According  to  this  view,  the  absorption  of  fatty  particles,  and 
perhaps  also  the  absorption  of  true  proteids,  is  in  part  due  to  an  active  vital 
process,  as  indicated  by  the  observations  of  Brucke  and  v.  Thanhoffer.  This 
view  is  supported  by  the  observation  of  Griinhagen,  that  the  absorption  of  fatty 
particles  in  the  frog  is  most  active  at  the  temperature  at  which  the  motor  phe- 
nomena of  protoplasm  are  most  lively.  That  it  is  due  to  simple  filtration  alone 
is  not  a  satisfactory  explanation,  for  the  amount  of  fatty  particles  in  the  chyle 
is  independent  of  the  amount  of  water  in  it.  If  absorption  were  chiefly  due  to 
filtration,  we  would  expect  that  there  would  most  probably  be  a  direct  relation 
between  the  amount  of  water  and  fat  {Ludwig  and  Zawilsky),  [The  observa- 
tions of  Watney  have  led  him  to  suppose  that  the  fatty  particles  do  not  pass 
through  the  cell  protoplasm  to  reach  the  lacteal,  but  that  they  pass  through  the 
cement  substance  between  the  epithelial  cells  covering  a  villus.  If  this  view  be 
correct,  and  it  is  highly  doubtful  if  it  is,  the  absorbing  surface  is  thereby  greatly 
diminished.  Zuwarykin  and  Schafer  suggest  that  the  leucocytes,  which  have 
been  observed  between  the  columnar  cells  of  the  villi  of  the  small  intestine, 
are  carriers  of  at  least  part  of  the  fat  from  the  lumen  of  the  gut  to  the  lacteal ; 
they  also,  perhaps,  alter  it  for  further  use  in  the  economy.  [So  far  th^e  state- 
ments relative  to  the  leucocytes  have  not  been  universally  accepted ;  indeed, 
they  are  denied  by  the  most  recent  observers.] 

[One  of  the  most  remarkable  exp>eriments  in  relation  to  the  absorption  of 
fatty  matter  is  that  of  I.  Munk,  and  confirmed  by  Walther,  viz.,  that  if  a  dc^ 
be  fed  on  fatty  acids  instead  of  neutral  fats,  then  neutral  fats  app>ear  in  tlK 
chyle  collected  from  the  thoracic  duct.  Where  does  the  glycerin  come  from, 
and  where  and  how  is  the  synthesis  effected?  So  far  there  is  no  satisfactory 
answer  to  these  questions,  but  it  is  suggested  that  the  synthesis  takes  place  in 
the  villi,  or  even  in  the  lumen  of  the  gut.] 

[A  most  remarkable  case  of  a  lymph  fistula  in  a  man  was  experimented  on  by  Monk.  A  bd 
suffering  from  elephantiasis  had  a  fistula  in  the  leg,  through  which  during  digestion  mucb  K^tcf^ 
was  discharged.  When  erucic  acid — an  acid  not  found  normally  in  the  body — was 
to  the  lad,  the  chyle  discharged  from  the  Bstula  did  not  contain  more  than  traces  of  free 
acid,  but  on  the  contrary,  it  contained  a  large  quantity  of  the  corresponding  neutral  £at 
The  erucic  acid  must  have  somewhere  obtained  glycerin  to  combine  with,  to  form  the  oeotnl 
fat.    This  confirms  Munk's  experiments  on  animtds,  that  fatty  acids  do  not  reach  tbe  blood  as 
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such,  bat  that,  perhaps,  in  the  very  act  of  absorption  in  the  intestinal  mucous  membrane,  they 
are  by  synthesis  converted  into  neutral  fats.  The  case  has  also  been  used  to  prove  that  sugars 
when  given  by  the  mouth,  are  all,  except  an  excessively  small  amount,  absorbed  by  the  blood- 
stream, and  do  not  reach  the  blood  through  the  lymph-  and  chyle-stream.] 

[Methods. — A.  Histological. — The  absorption  of  fat  has  ttsually  been  studied  by  feeding 
an  animal  on  fatty  food  and  examining  its  villi  either  in  a  fresh  condition,  or  more  usually  after 
they  have  been  submitted  to  the  action  of  osmic  acid,  which  blackens  fatty  matter.  In  this 
connection  it  is  important  to  remember  two  facts,  viz.,  that  turpentine  may  discharge  the 
black  color  of  fat  acted  on  by  osmic  acid,  such  sections  in  histological  processes  being  often 
treated  with  turpentine ;  and  secondly,  an  observation  of  Heidenhain^s  that  osmic  acid  blackens 
also  granules  in  some  of  the  leucocytes  of  the  villi  which  are  certainly  not  fatty,  for  they  are  not 
soluble  in  ether.] 

[B.  Experimental. — If  in  a  d<^  a  cannula  be  introduced  into  the  thoracic  duct  where  it 
joins  the  subclavian  vein,  the  amount  of  chyle  that  flows  out  in  a  given  time  can  be  estimated. 
The  amount  flowing  out  is  not  greater  during  digestion  than  in  a  fasting  animal.  In  a  fasting 
aoimal  the  fluid  is  transparent  and  like  lymph,  and  it  becomes  white  and  (K>aque  during 
digestion  from  the  presence  of  fatty  particles.  During  the  digestion  of  sugar  the  chyle  does 
not  contain  more  sugar — 0.1-0.2  per  cent. — than  is  present  in  the  Ijrmph  or  serum  of  a  fasting 
animal.  These  and  other  similar  experiments  make  it  clear  that  the  fats  alone  pass  via  the 
cbyle-stream  to  reach  the  blood,  all  the  other  products  of  digestion  pass  directly  into  the 
rootlets  of  the  portal  vein.] 

The  activity  of  the  cells  of  the  intestine  with  pseudopodial  processes  may  be  studied  in  the 
intestinal  canal  of  Distomum  hepaticum.  Sommer  has  figured  these  pseudopodial  processes 
actively  engaged  in  the  absorption  of  particles  from  the  intestine. 

193.  INFLUENCE  OF  THE  NERVOUS  SYSTEM  ON  AB- 
SORPTION. — With  regard  to  the  influence  of  the  nervous  system  upon  in- 
testinal absorption,  we  know  very  little.  After  extirpation  of  the  semi-lunar 
ganglion,  as  well  as  after  section  of  the  mesenteric  nerves  {Moreau)^  the  intes- 
tinal contents  become  more  fluid,  and  are  increased  in  amount  (§  183).  This 
may  be  partly  due  to  diminished  absorption.  V.  Thanhoffer  states  that  he 
observed  the  protrusion  of  threads  from  the  epithelial  cells  of  the  small  intes- 
tine only  after  the  spinal  cord,  or  the  dorsal  nerves,  had  been  divided  for  some 
time. 

194.  **  NUTRIENT  ENEMATA."— In  cases  where  food  cannot  be  taken  by  the  mouth, 
e.g'.y  in  stricture  of  the  oesophagus,  continued  vomiting,  etc.,  food  is  given  per  rectum.  As  the 
digestive  activity  of  the  large  intestine  is  very  slight,  fluid  food  ought  to  be  given  in  a  condition 
ready  to  be  absorbed,  and  this  is  best  done  t^  introducing  it  into  the  rectum  through  a  tube  with 
a  funnel  attached,  and  allowing  the  food  to  pass  in  slowly  by  its  own  weight.  The  patient  must 
endeavor  to  retain  the  enema  as  long  as  possible.  When  the  fluid  is  slowly  and  gradually  intro- 
duced, it  may  pass  above  the  ileo-csecal  valve. 

Solutions  of  grape-sugar,  and  perhaps  a  small  amount  of  soap  solution,  are  useful ;  and 
amongst  nitrogenous  sul»tances  the  commercial  flesh-,  bread-,  or  milk-peptones  of  Sanders-Ezn, 
and  Adamkiewicz,  in  Germany,  and  Darby's  fluid  meat,  and  Camrick's  beef-peptonoids  in  this 
country,  are  to  be  recommended.  The  amount  of  peptone  required  is  1. 1 1  grm.  per  kilo,  of 
body-weight  (Catillon) ;  less  useful  are  buttermilk,  egg-albumin  with  common  salt.  Leube 
uses  a  mixture  of  150  grms.  flesh,  with  50  grms.  pancreas,  100  grms.  water,  which  he  slowly 
injects  into  the  rectum,  where  the  proteids  are  peptonized  and  absorbed.  [Peptonized  food 
prepared  after  the  method  of  Roberts  is  very  useful  (§  172J.]  The  method  of  nutrient  enemata 
only  permits  imperfect  nutrition,  and  at  most  only  )^  of  the  proteids  necessary  for  maintaining 
the  metabolism  of  the  body  is  absorbed  {v,  Voiiy  Bauer). 

195.  CHYLE-VESSELS   AND   LYMPHATICS.— Lymphatics. 

— VVithin  the  tissues  of  the  body  generally,  and  even  in  those  tissues  which  do 
not  contain  blood-vessels,  e,  g.,  the  cornea,  or  in  those  which  contain  few  blood- 
vessels, there  exists  a  system  of  vessels  or  channels  which  contain  the  juices  of 
the  tissues,  and  within  these  vessels  the  fluid  always  moves  in  a  centripetal 
direction.  These  canals  arise  within  the  tissues  in  a  variety  of  ways,  and  unite 
in  their  course  to  form  delicate  and  afterwards  thicker  tubes,  which  ultimately 
tenminate  in  two  large  trunks  which  open  at  the  junction  of  the  jugular  and 
subclavian  veins ;  that  on  the  left  side  is  the  thoracic  duct,  and  that  on  the 
right,  the  right  lymphatic  trunk. 
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[Through  the  thin-walled  blood -capiliane~ 
there  transudes  into  the  spaces  of  the  sur- 
rounding tissues  part  of  the  blood-pUsim. 
This  fluid  is  the  lymph.  It  penneates  e\m 
tissue  of  the  body,  bathing  their  constituent 
form-elenients,  supplying  the  latter  with  nutn- 
ment,  and  enabling  them  to  get  rid  of  t'r.c 
waste  products  resulting  from  their  metabolisir.. 
The  lymph  is  collected  and  relumed  to  nt 
blood  in  special  tubes,  the  lymphatics. 
Whatever  the  mode  of  origin  of  the  lymiJiat.C! 
(p.  385),  at  first  they  form  thin-walled  micrs- 
scopic  lymphatic  vessels,  which  coramanita:e 
freely  with  each  other  in  a  plexiform  manner, 
and  by  their  confluence  they  form  the  lym- 
phatic vessels  (.1-1  mm.),  which  usually  ni:i 
along  with  the  superficial  and  deep  blooc- 
vessels  (fig.  362).  The  larger  lymphatics  ar: 
provided  with  valves,  like  some  veins.  TTs 
valves  open  towards  the  heart,  and  on  th; 
cardiac  side  of  the  valve  there  is  a  dilatation. 
so  that  (he  lymphatic  trunks,  especially  wk; 
injected,  often  present  a  beaded  or  varicih* 
appearance.  The  walls  often  are  so  thin  ind 
translucent  that  one  can  see  the  clear  lympi 
which  they  contain.  A  moderate-sized  lym- 
phatic trunk  has  three  coats  like  a  vta. 
only  the  coals  are  thinner.  The  inner  cw^ 
or  tunica  intima,  consists  of  a  layer  of  ecdc- 
thelial  cells,  often  with  a  sinuous  ouilinc. 
resting  on  a  delicate  network  composed  of  fin- 
elastic  fibres.  The  middle  coat,  or  tunica 
media,  is  composed  of  smooth  muscnu 
fibres  arranged  transversely  or  obliquely.  Tne 
tunica  adventitia  consists  of  connective- 
tissue,  which  in  some  situations  contains  saioc-i 
muscular  fibres.  The  fine  lymphatic  capillans 
have  dilatations  and  constrictions  on  fliin;. 
and  are  composed  of  a  single  layer  of  eudc 
thelium,  the  edges  of  which  are  usuallysnncj,  > 
a  fact  best  demonstrated  by  the  use  of  silvtr  i 
nitrate  {fig.  ^63).]  | 

The  lymph  fulfils  different  fjinctiotis  i=' 
different  organs.  (r)  In  many  tissues,  vt 
lymphatics  represent  the  nutrient  channels, 
by  which  the  fluid  that  transudes  through  th; 
'^  neighboring  vessels  is  distributed,  as  in  lV 
«"nd  cr«xLli;;y\";i"ns;  r/lymph-Iic^"'"^^  ^"^  ■"  many  connective-tissue.  .: 
plesus  of  the  palm;  2,  txtera.l  I"  many  tissues,  as  m  glands,  f.  g.,  the  M..- 
collaieral  iruDk  of  ihe  thumb ;  3, 3,  vary  glands  and  the  testis,  the  lymph-spaw 
suptrfieial  lymphatics  of  Ihe  fore-  are  the  chief  reservoirs  for  fluid,  fftn 
arm.  .nd  s.  of  the  upper  am.;  4,  which  the  cells  during  the  act  of  secWi- 
r."™ScTAr"Zrd'':fV,  derive  the  fluid  .necessary  for  that  proce*,l 
vein  accompmying  Ihe  cephalic  (3)  The  lymphatics  have  the  general  fnncn^s 
vein;  9,  ganglia  of  the  neck.  of  collecting  the  fluid  which  saturates  the  ti- 
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THE  REMOVAL  OF  SMALL-POX 

PITTINGS   ON   THE  FACE 

Dr.  Cbu.  H.  Duncan 

I      1  smftU  pledget  of  cotton  on  bji  ordl- 

1   EAiy  notion  carrier  le    dipped   In   pure 

liquid  carbolic  acid,  the  acid  Is  applied 

to  the  eoar  and  ekiu  Immediately  around 

it.      The  Buitace   becomes   lighter,    the 

I    irblteucea  depending  on  the  amount  of 

'    acid  uaed.      When  this  becomee  ('r;,  one 

'    or  two  applloatlona  are  made  directly  to 

the  Bcar  lt«eU.     The   aim   le   to   get  the 

most  acid  where  the  fibrous  connective 

tiseiie  Is   the    densest,    and   the   leesev 

amoaat   where    the    akin   Is   practically 

Doimal.     It  is   necessary   to  have  some 

acid  over  the  adjacent  normal  tleeue,  eo 

there  irllt  be  do  sharp,   welt  defined  line 

ot  demarcatloDH   between   the   part   the 

acid  tonchee   and    the    part   where   the 

acid  does  not  touch.     la  smallpox  plt- 

tlnjt  the  whole  face  Is  covered   with  the 

acid  uniformly,  care  being  taken  to  keep 

Ufrom  the  eyes,  as  the  upper  lids  are 

covered  with  the  acid.     The  outer  edges, 

where  there  la  no  pitting,  as  on  the  ncek 

aod  ears,   are    blended     la   the   manner 

above  described.    Of  the  technical  points 

that  Justify    the     procedure     the   most 

Important  oonoems  the  dressing  that  is 

used  after  the  application  of  the  acid. 

When  the  acid  becomes  dry,  the  whole 
area  Is  covered  with  adhesive  plsfeter. 
This  is  cut  \rith  the  eclssors  ho  that  It 
presses  on  every  part  of  the  sliin  where 
the  carbolic  acid  has  touched.  This 
plaster  Li  removed  In  from  two  to  three 
days  depeadtDg  on  the  depth  of  the  3car 
tissue,  or,  in  other  words,  on  the  depth 
to  which  we  wish  the  suppuiatlon  to  ex- 
tend, although  OD  tender  bsbles'  skin,  it 
Is  the  cuetom  to  remove  it  in  tnenty- 
[onr  hours.  When  the  adhesl^'c  piaster 
is  removed,  the  epidermis  comes  with  it. 
The  surface  is  In  active  suppuration, 
that  la,  covered  with  pMs.  This  para- 
aoilcal  procedure  of  the  surgeon,  pur- 
posely causing  pus,  is  so  diametrically 
opposite  to  the  surgeon's  orthodox  creed. 
that  It  may  eeem  like  the  concrete  es- 
8eD"e  of  boldness.  This  la  boldncea,  but 
it  is  boldness  bom  of  e^iiert  exjierience 
sitendtnK  through  many  years,  covering 
thousands  of  cases.  That  it  Is  opposed 
to  textual  teaching  Is  well  known  and 
carbolic  acid  gangrene  Is  often  seeo  in 
hospital  practice  to  substantiate  the 
wisdom  of  this  teaching.  But  actual 
demonstration  in  the  use  of  carbolic  acid 
OQ  th»  face  Id   the  manner  deeciibcd, 


stands  above  all  theory  or  logical  demon- 
stration, for  not  a  single  case  has  been 
reported  where  gangrene  ot  the  face  fol- 
lowed the  application  ot  the  acid  in  this 
maouei,  and  It  is  being  used  contin- 
uously, and  has  been  for  sixteen  years. 
When  the  plaster  Is  removed,  the  sur- 
face is  thoroughly  cleansed  with  bichlo- 
ride of  mercury  i-10,000,  and  no  watery 
solution  is  again  applied.  Fr>m  this 
time  on  the  beeswas  and  vaseline  prepa- 
ration is  kept  constantly  applied,  till  the 
skinaasumesanormaltexture.  Fronithe 


epithelial  zone  new  skin  spreads  rapidly, 
till,  at  t)i«  cud  of  six  or  eight  weelu,  the 
normal  color  of  the  skin  appears  mlnuB 
the  scar. 

The  perfection  of  this  method  of  re- 
moving scars  have  been  paved  with  law 
suits,  owing  to  the  refusal  of  the  patient 
to  believe  that  the  dlscoluratioiis  caused 
by  the  c<trbollo  acid  wei*e  only  tem- 
porar.'.  But,  Invariably,  when  the  phy- 
sicians have  succeeded  In  having  the 
case  potttpuned  for  three  months,  it  has 
been  thrown  out  of  court,  for  by  this 
time  the  discoloration  has  disappeared 
as  well  as  the  scars.— An loricau  Journal 
of  Surgery. 

— Lord  has  found  that  thirty  infected 
nies  may  deposit  from  six  million  to  ten 
million  tubercle  baellll  In  three  days. 
The  daugcr  of  lly  specked  fuuU  ia  ap 
parent. 
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ig6.  ORIGIN   OP  THE   LYMPHATICS— Connective-tissac- 

(i)  Origin  in  Spaces. — Within  the  connective-tissues  (connective-tisue 
proper,  bone)  are  numerous  siellale,  irregular,  or  branched  spaces,  which  com- 
municate with  each  other  by  numerous  tubular  processes  (fig.  264,  j)  ;  in  these 
communicating  spaces  or  lymph-spaces  lie  the  cellular  elements  of  these 
tissues.     These  spaces,  however,  are  not  completely  filled  by  the  cells,  but  an 
interval  exists  between  the  body  of  the  cell  and  the  wall  of  the  space,  which  li 
greater  or  less  according  to  the  condition  of  movement  of  the  protopla^niie 
cell.     These  spaces  are  the  so-called  "  juice  canals  "  or  "  Saft  canal chen," 
and  they  represent  the  origin  of  the  lymphatic  vessels  (w,  Jieckiinghausen).    As 
they  communicate  with  neighboring  spaces,  the  movement  of  the  lymph  is 
provided    for.     The  cells  which  lie    in    the  spaces   exhibit   amoeboid  move- 
ments.     Some   of  these   cells   remain    permanently    each    in  its  own   space, 
within  which,  however,  it  may  change  its  form — these  are  the  so-called  "  fixed 
connective- tissue  corpuscles,"  and  bone  corpuscles — while  others  merely 
wander  or  pass  into  these  spaces,  and  are  called  "wrandering  cells,"  or 
"leucocytes;"    but  the   latter  are   merely  lymph -corpuscles,   or   colorless 
blood -corpuscles  which  have  passed  out  of  the  blood-vessels  into  the  origin 
of  the  lymphatics  (fig.  266).     These  cells  exhibit  amceboid  movements.     These 
spaces  communicate  with  the  small  tubular  lymphatics — the  so-called  lymph- 
capillaries  (L).     The  spaces  lie  close  together,  where  they  pass  into  a  lymph- 
capillary  (a).     The  lymph-cap iliary,  which  is  usually  of  greater  diameter  than 
the  blood- capillary,  generally   Ijes    in    the    middle   of  the  space    within   the 
capillary  arch  (B).     The  finest  lymphatics  are  lined  by  a  layer  of  delicate. 
nucleated,  endothelial  celh 
(e,  e),  with  characteristic 
sinuous  margins,  whose 
characters   are    easily   re- 
vealed by  the  action   of 
silver  nitrate  (fig.  265,  Li. 
This  substance  blackens  ibe 
cement -substance  which 
holds  (he  endothelial  cells 
together.       Between    the 
endothelial  cells  are  small 
holes,    or    stomata,   br 
means  of  which  the  lymph- 
capillaries  communicate  Ut 
x)  with  the  juice-canals. 

From  the  researches  of 

Arnold,  Thoma, and  others 

it    is   assumed    that    the 

blood-vessels  communicae 

with  the  juice-canals,  ami 

that    fluid    passes    out  ol 

...       ,  the  thin-walled  capillaries 

„,       ,       ,        ,  ,  '^■,     ^',        ,  .      ,.    ,  ,    through  their  stomata  into 

Pleaial  lurfaee  of  the  central  tendon  of  the  diaphractn  of     ,u~„  „„„„„  re  i,\      -n,^ 

the  rabbit  BlMoed  with  silver  niWle.     L,  lymph aufwith     these  spaces  (§  65).     Tha 

its  sinuous  endothelium;   f,  cells  of  the  connective-tissue      "u  Id  nourishes  the  tisues. 

brought  into  view  by  the  silver  nitrate.  the  tissues  take  up  the  sub- 

stancesappropriatetoeach. 

while  the  effete  materials  pass  back  into  the  spaces,  and  from  these  reach  x^-: 

lymphatics,  which  ultimately  discharge  them  into  the  venous  blood. 
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Whether  the  cells  within  these  spaces  are  actively  concerned  in  the  pouring 
out  of  the  blood -plasm  a,  or  take  part  in  its  movement,  is  matter  of  con- 
jecture. We  can  imagine  that  by  contracting  their  body,  after  it  has  been 
impt^;natcd  with  fluid,  this  fluid  may  be  propelled  from  space  to  space  towards 
the  lymphatics.  The  leucocytes  wander  through  these  spaces  until  they  pass  into 
the  lymphatics.  Fine  particles  which  are  contained  in  these  spaces — e.g.,  after 
tattooing  the  skin,  and  even  fatty  particles  after  inunction — ate  absorbed  by 
the  leucocytes,  and  carried  by  them  to  other  parts  of  the  body.  [The  pigment 
particles  used  to  tattoo  the  finger  are  usually  found  within  the  first  lymphatic 
gland  at  the  elbow.] 

The  migration  of  cellular  elements  from  the  blood-vessels  into  the  origin  of 
the  lymphatics  is  to  be  considered  as  a  normal  process.  Granular  coloring- 
Moiier  passes  from  the  blood  into  the  protoplasmic  body  of  the  celts  within  the 


Fig.  366. 
SnbcntuieoM  canoectiTc  tinue  of  a  iheep.   a  a,  dxtd  conDectiv«-tiisue  corpuscle$  with  praces«es ; 
j  >,  inHtomoobig  pcocenei;  i-f,  bri^en-off  proce«E«* ;  1/,  iK^ed  parti  of  the  cells;  r,  lymph- 
Mil  or  leacoqrte.     X  800. 

lymph-Spaces ;  and  only  when  the  granular  pigment  is  in  large  amount  does  it 
appear  as  a  granular  injection  in  the  branches  of  the  juice-spaces. 

[Connective-tissue  is  widely  distributed  in  the  body,  entering  into  the 
construction  of  most  organs,  and,  as  its  name  denotes,  it  connects  and  binds 
structures  together.  It  assumes  many  forms,  being  either  of  a  more  or  less 
open  texture,  when  it  is  called  areolar  tissue,  or  its  fibres  may  be  so  arranged 
as  to  form  dense  membranes,  such  as  fasciae,  or  stout  cords  and  bands,  like 
ligaments.  It  performs  certain  purely  mechanical  and  certain  physiological 
functions  in  the  economy.  It  is  developed  from  the  cells  of  the  mesoblast,  and 
consists  of — 

I.  Cells  or  corpuscles. 

z.  An  inter -cellular  matrix. 
The  corpuscles— of  which  there  are  several  varieties — are  in  the  adult  far  less 
IS  than  the  matrix  or  inter-cellular  matter,  which  consists  of  fibres,  the 
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fibres  being  of  two  kinds — the  ivhite  fibres  and  the  yellovr  or  elastic  fibres. 
Its  mechanical  functions  depend  far  more  on  the  fibres  than  the  cells.     In  the 
form  which  occurs  under  the  skin,  and  surrounds  lymphatics  and  blood-vessels 
in  their  course,  and  is  spoken  of  as  loose  connective  •tissue  or  areolar 
tissue,  the  fibres  are  arranged  in   bundles  which  cross  each  other  in  varioui 
directions  and  leave  larger  or  smaller  spaces,  or  areolae,  between  them.     These 
spaces  contain  lymph,  and  from  them  the  lymphatics  arise,  hence  the  name  "  areo- 
lar,"   The  fixed  connective-tissue  corpuscles  lie  on  the  bundles  of  white  fibres 
(fig.  266).  Ifa  piece  ofareolar  tissue  be  teased  out  and  examined  microscopically, 
it  is  seen  to  consist  of  bundles  of  wavy  fibres,  and  these  fibres  readily  split  up 
under  the  action  of  reagents,  e.  g.,  10  per  cent,  common  salt  or  picric  acid, 
into  fine  unbranched  excessively  narrow  fibrils  or  fibrillee,  i  ,u  or  les  in 
diameter.     The  fibrillas  are  held  together  by  a  globulin-like,  or  perhaps  mudn- 
like,  cement,  and  according  to  the  number  of  fibrillje  so  is  the  size  of  the  fibres. 
The  outline  of  the  fibre  is  always  somewhat  indistinct,  but  ihey  refract  the  light 
pretty  strongly  and  appear  whitish  under  the  microscope,  hence  their  name  of 
wrhite  fibres.    These  fibres  when  boiled  yield  gelatin,  and  hence  they  have 
been  called  celatiniferous  fibres.     The  bundles  are  held  together  by  a  cement- 
substance  which  is  blackened  by  silver  nitrate,  and  on  the  fibres  lie  the  fixed 
connective -tissue  corpuscles  (fig-  267)  embedded  in  the  cement.     These 
nucleated  cells  may  be  fusiform,  but  they  are  more  frequently  irregular  in  form 
and  branched.     They  resemble  flattened,  winged,  or  stellate   plates.     As  they 
are  sometimes  in  relation  with  more  than  one  fibre,  they  may  present  a  winged 
appearance.     They  are  most  abundant  and  most  readily  seen  in  young  tissue, 
and  are  not  so  readily  seen  in  a  preparation  from 
an  adult  animal,  partly  because  of  the  number 
of  fibres,  and   partly  because  their  refractive 
index  is  not  such  as  to  make  them  readily  visi- 
ble.    If  they  be  stained,  however,  e.g.,  with 
eosin  (fig.  266),  or  if  the  tissue  be  acted  on  by 
a  dilute  acid — e.g.,   acetic    acid — the    white 
fibres  swell  up  and  become  clear  and  homo- 
geneous, so  that  the  nuclei  of  the  connectire- 
tissue  corpuscles  come  distinctly  into   view. 
The  corpuscles  become  somewhat  shrunken  and 
more  granular  under  the  action  of  the  acid 
These    are    called    "fixed"    connective-tisae 
corpuscles  because  they  do  not  change  their 
place,  nor  do  they  in  the  adult  exhibit  amce- 
boid  movement.    In  the  spaces  of  areolar  tissue 
there  are  always  found  some  cells  much  smaller 
than    the    foregoing,    spherical    in    form,  and 
•^K'  '^7-  presenting  all  the  characters  of  leucocytes, 

Showing  relation  of  a  connective-  which  indeed  they  are  (fig.  266,  e).  They 
ti«ue  cotpuscle  to  a  Bbre,  lying  on  exhibit  amceboid  movements  and  have  wandered 
'^'^^tX:.^t  pX'-  °"^  ?f  ^*>^  blood-vessels  or  lymphatics  into  the 
body;  C,  processes;  D.wbiie  fibre  areolar  spaces.  A  third  form  Of  corpuscle  u 
on  which  the  cell  rests;  E,  elastic  frequently  found,  more  especially  along  the 
fibre.    X  1000.  course  of  the  smaller  blood-vessels  in  certain 

situations.  The  last  variety  of  cells  always 
contains  numerous  large  granules.  These  cells  were  called  "  plasma  cells  " 
by  Waldeyer.] 

[In  the  connective -tissue  of  the  mesentery  of  the  newt,  and  in  the  peri- 
cesophageal  membrane  around  the  oesophagus  of  the  frog,  and  in  the  connectii'e- 
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tissue  membranes  of  vertebrates  generally,  Ranvier  has  described  some 
enormously  large  connective-tissue  corpuscles — nearly  i  mm.  in  size — which 
stain  deeply  with  methyl-violet.  He  has  called  them  '' clasniatoc3rte8  " 
[xUaiM,  aroq,  fragment,  xuto^,  cell),  because  they  tend  to  break  up  into  small 
particles  or  granules.  What  their  relation  is  to  other  forms  of  connective- tissue 
corpuscles  has  not  been  determined.] 

[Clasmatocytes  occur  in  the  thin  connective-tissue  membranes  of  vertebrata,  and  are  most 
Rftdily  found  in  the  perioe<ophageal  membrane  of  the  frog.  They  are  first  fixed  with  osmic  acid 
aod  then  stained  with  methyl- violet,  5  B.  In  the  triton  they  are  about  I  mm.  in  length,  and  are 
therdbre  colossal  cells.  When  stained  they  are  colored  violet  with  a  tinge  of  red,  the  nucleus 
being  slightly  blue.  They  have  numerous  processes,  simple  or  branched,  but  the  processes  do 
not  form  a  reticulum.  The  body  and  processes  have  a  granular  appearance  and  are  irregular  in 
ihdr  shape.  Parts  of  them  tend  to  separate  in  fragments,  hence  the  name  of  the  cells.  Thb  is 
ihe  peculiarity  of  these  cells,  that  their  processes  tend  to  break  up  and  form  islands  of  granules 
under  certain  conditions,  and  this  process  Ranvier  calls  cla8inac3rto8i8.  They  do  not  exhibit 
.amoeboid  movements,  although  they  are  developed  by  the  evolution  of  leucocytes,  which  have 
passed  out  of  the  vessels  into  the  connective-tissue.  Ranvier  has  traced  the  stages  from  the- sim- 
ple leucocytes  up  to  these  complex  and  marvellous  cells.  The  clasmatocyte  is  at  least  one  hundred 
tunes  larger  than  the  leucoc3rte.  Certain  leucocytes,  after  reaching  the  meshes  of  the  connective- 
(issQc,  appear  to  grow,  enlarge,  and  undergo  a  particular  evolution  which  makes  them  clasma- 
tocytes,  which  give  off  part  of  their  substance  in  fragments,  which  are  probably  used  in  the 
economy  {/^amner)."] 

[It  is  difficult  to  say  what  is  the  relation — if  any — of  these  cells  to  the  plasma-cells  of 
Waldeyer,  t.  e.,  certain  granular  cells  situated  along  the  course  of  the  blood-vessels,  the  inter- 
stitial cells  of  the  testes,  and  the  cells  of  the  supra-renal  capsules  (p.  180).  Ehrlich,  by  staining 
the  plasma-cells  with  aniline  dyes,  showed  that  they  were  not  all  alike.  Only  some  of  them 
were  colored  liy  the  basic  aniline  dyes;  these  are  the  anilinophile  cells  or  **  Matszellen  *' of 
Ebrlich.    They  are  derived  from  the  fixed  connective-tissue  corpuscles.]   ^ 

[There  are  also  yellcw  or  elastic-fibres  present  in  areolar  tissue.  They 
can  be  seen  in  a  fresh  preparation  of  the  tissue,  but  are  best  seen  after  the 
action  of  acetic  acid,  which  makes  the  white  fibres  transparent,  but  does  not 
affect  the  yellow  fibres.  The  yellow  fibres  are  not  so  numerous  as  the  white ; 
they  have  a  sharper  outline,  and  faint  yellow  tinge  ;  they  branch  and  anasto- 
mose, and  when  broken  tend  to  curl  up  at  their  ends.  By  their  anastomoses 
they  form  networks  which  render  the  tissues  in  which  they  occur  more  or  less 
clastic.  They  vary  in  size,  but  they  cannot  be  split  up  further  into  fibres.  In 
some  situations  the  elastic  fibres  become  greatly  increased  both  in  number  and 
size,  as  in  the  ligamentum  nuchae,  which  consists  almost  entirely  of  elastic 
fibres — some  of  them  as  broad  as  a  red  blood-corpuscle  (fig.  269).  There  is 
every  gradation  between  the  fine  networks  of  elastic  fibres  that  occur  in  the 
meso-colon  and  skin  (fig.  268)  to  the  thick  fibres  of  the  ligamentum  nuchae, 
up  to  fenestrated  sheets  of  elastic  tissue  occurring  in  the  aorta,  and  the  complete 
sheet  of  elastic  membrane,  forming  the  chief  part  of  the  elastic  lamina  of  the 
arteries.     The  elastic  fibres  consist  of  elastin  (§  250).] 

(2)  Origin  ivithin  villi — i,e,,  of  the  chyle  vessel  or  lacteal — has  been 
described  (§  190). 

(3)  Origin  in  perivascular  spaces  (fig.  270). — ^The  smallest  blood-vessels 
of  bone,  the  central  nervous  system,  retina,  and  the  liver,  are  completely  sur- 
rounded by  wide  lymphatic  tubes,  so  that  the  blood-vessels  are  completely 
bathed  by  a  lymph-stream.  In  the  brain  these  lymphatics  are  partly  composed 
of  delicate  connective-tissue  fibres,  which  traverse  the  lymph-space  and  become 
attached  to  the  wall  of  the  included  blood-vessel.  Fig.  270,  B,  represents  a 
transverse  section  of  a  small  blood  vessel,  B,  from  the  brain  ;  /  is  the  divided 
perivascular  space.  This  space  is  called  the  perivascular  space  of  His,  but 
in  addition  to  it  the  blood-vessels  of  the  brain  have  a  lymph-space  within  the 
adventitia  of  the  blood-vessels  {VirchaW'Robin'^s  space).  It  is  partly  lined  by 
well-defined  endothelium.     Where  the  blood-vessels  begin  to  increase  consid- 
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erably  in  diameter,  they  pass  through  the  wall  of  the  lymphatics,  and  the  two 
vessels  afterwards  take  separate  courses.  In  all  cases,  where  there  is  a  perivu- 
cular  space,  the  passage  of  lymph-  and  blood -corpuscles  into  the  lymphatics  is 
greatly  facilitated.  In  the  tortoise  the  large  blood-vessels  are  often  surrounded 
with  perivascular  lymphatics.  Fig.  270,  A,  gives  a  representation  of  the  aoni 
of  the  tortoise  surrounded  by  a  perivascular  space  which  is  visible  to  the  un- 
aided eye.     In  mammals  the  perivascular  spaces  are  microscopic. 

(4)  Origin  in  the  form  of  interstitial  slits  virithin  organs. — Within 
the  testis  the  lymphatics  begin  simply  in  the  form  of  numerous  slits,  which 
occur  between  the  coils  and  twists  of  the  seminal  tubules.  They  lake  the  form 
of  elongated  spaces  bounded  By  the  curved  cylindrical  surfaces  of  the  tubules. 
The  surfaces,  however,  are  covered  with  endothelium.  The  lymphatics  of  the 
testis  get  independent  walls  after  they  leave  the  parenchyma  of  the  organ.  In 
many  other  glands  the  gland -substance  is  similarly  surrounded  by  a  lymph- 
space.  The  blood-vessels  pour  the  lymph  into 
these  spaces,  and  from  them  the  secreting  cells       '  ■^  x 

obtain  the  materials  necessary  for  the  forma  T  \  V 

tinn  of  thpiT  secrptinn.  i  \       (  '. 


tion  of  their  secretion.  (  \     f 
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Fig.  268.  Fig.  269. 

Network   of  yellow  or   line  elastic   libres  from  the       Thick  elastic  fibres  of  the  huQun  Iiqi 
omenlum.   Some  coipuEclei  are  also  visible.  X  350.  nneiiluFa  nuchx.     X  459. 

(5)  Origin  by  means  of  free  stomata  on  the  walls  of  the  larger  seroas 
cavities,  which  (fig.  271,  a)  communicate  freely  with  the  lymphatics.  The 
investigation  of  the  serous  surfaces  is  most  easily  accomplished  on  the  septum  of 
the  great  abdominal  lymph-sac  of  the  frog.  Silver  nitrate  reveals  the  presence 
of  relatively  large  free  openings  or  Stomata  lying  between  the  endothelium. 
Each  stoma  is  bounded  by  several  germinating  cells,  which  have  a  granular 
appearance,  and  undergo  a  change  of  shape,  so  that  the  size  of  the  stoma  de- 
pends upon  the  degree  of  contraction  of  these  cells  ;  thus  the  stoma  may  be 
open  {a),  haif-open  (1*),  or  completely  closed  (c).  These  stomata  are  the  origm 
of  the  lymphatics.  The  serous  cavities  belong  therefore  to  the  lymphatic  sys- 
tem, and  fluids  placed  in  the  serous  cavities  readily  pass  into  the  lymphatics. 
The  cavities  of  the  peritoneum,  i>leura,  pericardium,  tunica  vaginalis  testis, 
arachnoid  space  (?),  aqueous  chambers  of  the  eye,  and  the  labyrinth  of  the  ear, 
are  true  lymph -cavities,  and  the  fluid  they  contain  is  to  be  regarded  as  lym[^. 
[Hoffmann  has  found  that  a  nerve-fibre  surrounds  the  stomata  in  the  frog  and 
sends  branches  between  the  germinal  epithelium.] 

(6)  Free  open  pores  have  been  observed  on  some  mucous  membranes. 
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which  are  regarded  as  the  origin  of  lymphatics,  e.  g.,  in  the  bronchi,  nasal  mu- 
cous membrane,  trachea,  and  larynx. 

Strocture  of  Lymphatics. — The  larger  lymphatics  resemble  in  structure 
the  veins  of  corresponding  size.  The  valves  are  particularly  numerous  in  the 
lymphatics,  so  that  a  distended  lymphatic  resembles  a  chain  of  pearls  (p.  580). 
[Lymphatics  have  dilations  here  and  there  in  their  course  (fig.  365).] 

197.  THE  LYMPH  GLANDS.— The  l)^mphatic  glands  belong  to 
the  lymph  apparatus.     They  are  incorrectly  termed  glands,  as  they  are  merely 


PerJTiscular  l}rnipha(ics.     A,  axirti  of  tor- 
toise ;  B,  ut«T7  from  ibe  bnin. 


Fig.  271. 
Stomata  in  the  great  lymph-sac  (frog). 
a,  open;  t,  half-cloKd;  1',  closed. 


much- branched  lacunar  labyrinthine  spaces  composed  of  adenoid  tissue,  and 
intercalated  in  the  course  of  the  lymphatic  vessels.  There  are  simple  and 
compound  lymph-glands. 

(i)  The  simple  lymph  glands,  or,  more  correctly,  lymph -follicles,  are 
small  rounded  bodies,  about  the  size  of  a  pin-bead.     They  consist  of  a  mass  of 
adenoid  tissue  (fig.  272,  A),  /. .?.,  of  a  very  delicate  network  of  fine  reticular 
fibres  with  nuclei  at  their  points  of  intersection,  and  in  the  spaces  of  the  mesh- 
work  lie   the  lymph  and  the  lymph-corpuscles.     Near  the  surface  the  tissue  is 
somewhat  denser,  where  it  forms  a  capsule,  which  is  not  however  a  true  cap- 
sule, as  it  is  permeated  with  numerous  small  sponge-like  spaces.     Small  lym- 
phatics come  directly  into 
contact  with  these  lymph- 
follicles,   and-  often  cover 
their  surface  in  the  form  of 
a  close  network.     The  sur- 
face of  the  lymph-follicles 
is  not  unfrequently  placed 

in    the    wall    of  a  lymph-  ■ 

vessel,  so  that  it  is  di- 
rectly bathed  by  the  lymph- 
stream.  Although  no  di- 
rect canal -like  op>ening 
leads    from     the    follicle 

into  the  lymphatic  stream  p. 

in  relation  with  it,  a  com-  j^^  lymph- foil  ides.  A,  a  imall  follicle  highljr  magnified, 
munication  must  exist,  and  tbovring  the  adenoid  reticulum ;  B,  a  follicle  less  highly 
this    is    obtained    by    the      magnil^,  showii^  injected  btood-veuels. 
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numerous  spaces  in  the  follicle  itself,  so  that  a  lymph-follicle  is  a  trae  lymphatic 
apparatus  whose  juices  and  lymph -corpuscles  can  pass  into  the  nearest  lymphatic. 
The  follicles  are  surrounded  by  a  network  of  blood-vessels  which  sends  loops  of 
capillaries  into  their  interior  (fig.  272,  B).  [In  the  centre  of  each  is  a  germ- 
centre  where  mitosis  goes  on  rapidly.]  We  may  assume  that  lymph-corpuscles 
pass  from  these  capillaries  into  the  follicle. 

[The  follicles  arue  bjr  B^;regaiion  of  round  celts  or  leucoqftes  in  the  mucosa  or  sul>-iimcM>, 
where  they  rapidly  reproduce  themielTes  l>y  milous.  The  gradually  enlajging  mass  compcesKS 
the  furrounding  liisue  which  rorms  a  kind  of  tunica  propria  for  each  follicle  (p.  245).  In  Ihe 
inlestuie  the  cupoia  is  covered  by  columnar  epithelium  with  a  few  goblet-cells. J 

In  connection  with  these  follicles,  including  those  of  the  back  of  the  tongue, 
the  solitary  glands  of  the  intestine,  and  the  adenoid  tissue  in  the  bronchial 
tract,  the  tonsils,  and  Peyer's  patches,  it  is  important  to  remember  that  enor- 
mous numbers  of  leucocytes  pass  out  continually  between  the  epithelial  cells 
covering  these  follicles.  In  this  process  many  epithelial  cells  are  destroyed. 
Thus  there  is  a  kind  of  physiological  solution  of  continuity  of  the  sur&ce, 
through  which,  under  certain  conditions,  micro-organisms  or  other  poisonous 
bodies  may  enter  the  organism.  The  extruded  leucocytes  undergo  disintegration 
subsequently. 

(2)  The  compound  lymph-glands — the  lymphatic  glands — represent  a 
collection  of  lymph-follicles,  whose  form  is  somewhat  aliertd.     [They  are  small 
oval  or  kidney-shaped   bodies  varying   much  in  size,  and  intercalated  in  the 
course  of  lymphatics.     Usually  at  one  side  there  is  a  hilum  from  which  the  effer- 
ent lymphatic  issues.]     Every  lymph-gland  is  covered  externally  with  a  connec- 
tive-tissue capsule  (fig-  273>  ^),  which  contains  numerous  non-striped  muscular 
fibres.     From  its  inner  surface  numerous  septa  and  trabeculee  (ly.)  pass  into 
the  interior,  so  that  the  gland-substance  is  divided  into  a  large  number  of  com- 
partments.    These  compartments  in  the  cortical  portion  of  the  gland  hare 
a  somewhat  rounded  form, 
and  are  nearly  filled  with 
^aggregations  of  lymph-cor- 
puscles,  sometimes  called 
secondary      nodules — 
which  constitutethe  alveoli, 
while  in  the  medullary  pcw- 
tion  they  have  a  more  elon- 
gated and  irregular  form. 
[In   many  of  the  nodoles 
there  is  a  lighter  centre — 
germ -centre ,  where  mito- 
sis or  division  of  leucocytes 
goes  on  rapidly  (fig.  a-j^). 
On  making  a  section  of  a 
lymph-gland  we  can  readily 
distinguish    the    cortical 
from  the  medullary  por- 
tion of  the  gland.]    Ail  the 
compartments  are  of  equal 
,    '^"^"■.      ,     .        ,      _  dignity,  and  they  all  com- 

Diagraminalic  section  of  a  lymphatic  gland.  aJ.,  afferent,  niiinicate  with  earh  nihpr 
*./.,  efferent,  lymphatics;  C,  cortical  substance;  M, reticular  n"™cale  witn  each  other 
eoid*  of  medulla;  U.,  lymph-sinus;  <■.  capiule,  with  tra-  by  means  of  openings,  SO 
beeute,  ir.  that  the  septa  bound  a  rich 

network   of  spaces  within 
the  gland,  which  communicate  on  all  sides  with  each  other. 
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These  spaces  are  Iraverscd  by  the  follicular  threads  (fig.  ii(>,f,f).  These 
represent  the  contents  of  the  spaces,  biit  are  smaller  than  the  spaces  in  which 
they  lie,  and  do  not  come  into  contact  anywhere  with  the  walls  of  the  spaces. 
If  we  imagine  the  spaces  to  be  injected  with  a  mass,  which  ultimately  shrinks 
to  one-half  of  its  original  volume,  we  obtain  a  conception  of  the  relation  of 
these  follicular  threads  to  the  spaces  of  the  gland. 

[The  blood-vessels  of  the  gland  (d)  lie  within  these  follicular  threads. 
They  are  surrounded  by  a  tolerably  thick  crust  of  adenoid  tissue,  with  very  fine 
meshes  (*,  x)  filled  with  lymph-corpuscles,  and  with  its  surface  {o,  o)  covered 
by  the  celts  of  the  adenoid  reticulum,  in  such  a  way  as  to  leave  free  communi- 
cation through  the  narrow  meshes.  The  blood-vessels  may  enter  at  the  hilum 
or  at  points  on  the  surface  of  the  gland.     The  large  branches  run  in  the 


Fig.  174- 
Network  of  adenoid  tissue.     Tlic  leucocyte*  have  been  pencilled  out  of 
the  meshci  (Stirling').     X  350. 

tiabcculse  and  septa,  and  from  these  finer  branches  traverse  the  lymph-paths 
and  split  up  into  a  capillary  plexus  in  the  masses  or  strands  of  adenoid  tissue. 
The  vein  passes  out  by  the  hilum.     Nerves,  medullated  and  non-medullated, 
enter  the  gland,  but  their  terminations  are  un- 
known.     Perhaps  they  go  to  the  blood-vessels 
and  the  smooth  muscular  fibres  of  the  septa.] 

[The  fioe  network  of  adenoid  tissue  which 
traverses  the  lymph-paths,  and  in  which  the 
leucocytes  lie,  consists  of  fine  bundles  of  fibrous 
tissue  with  cells — endothelial  cells — at  the  nodes. 
This  system  is  continuous  with  the  fibrous  tissue 
of  the  capsule  and  septa  (fig.  274).] 

[The  cellular  elements,  lymph-cells,  or 
leucocytes  are  not  all  of  one  kind,  as  can  be 
shown  by  differential  staining,  such  as  Ehrlich- 
Biondi's  fluid,  which  is  a  mixture  of  orange-G.,  ' 
methyl-green,  and  acid  fuchsin.  The  most 
abundant  leucocytes  are  (i)  cells  with  a  very 
small  amount  of  colorless  protoplasm  surround-  Fig.  275. 

ing  a  faint  violet-stained  nucleus.  (3)  A  second  Section  of  >  tymphknot,  or  germ 
fonn  has  a  large  nucleus  surrounded  with  bright  cenlreofameseniericlymph-gland. 
rose-colored  protoplasm.  (j^There  are  "granu-  ".large.  #. small  ieucocyics;  f,mi- 
Ur"    cells  most  abundant    in    the  mesenteric      :°:::i\f'^^7eb.tX  .  Zcf;^: 

glands.      (4)  A  fourth  form  shows  cells  under-  

going  degeneration.      (5)  Phagocytes  are  also 
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present,  but  they  are  usually  found  in  the  lymph-paths  and  medullary  cords 

Lymph-glands  not  only  form  leucocytes,  but  m  them  also  cells  break  down, 
and  the  products  of  their  disintegration  are  taken  up  by  leucocytes  and  further 
changed  by  them. 

Between  the  surface  of  the  follicular  threads  and  the  inner  wail  of  all  the 
spaces  of  the  gland,  lies  the  lymph-channel  or  lymph-path  (B,  B),  which 
is  traversed  by  a  reticulum  of  adenoid  tissue,  containing  relatively  few  lymph- 
corpuscles.  It  is  very  probable  that  these  lyraph-paths  are  lined  by  endo- 
thelium. 


b  f 

Flit  of  a  lymphatic  gland.  A,  tm  >flerens ;  B,  B,  ljm[rii-paths ;  a.  a,  tnbecaix  seen  od  edge ; 
/,/,  follicular  ttnud  fcoin  the  medulla;  x,  x,  its  adenoid  reticuluiDi  i,  its  blood-ieudi; 
0,  n,  narraw-meihed  part  limiting  the  follicular  strands  from  the  lympb-palb. 

The  vasa  afTcrentia  (fig.  273,  a./.)  of  which  there  are  usually  several, 
expand  upon  the  surface  of  the  gland,  perforate  the  outer  capsule,  and  poor 
their  contents  into  the  lymph-paths  of  the  gland  (C).  The  vasa  efTereotia, 
which  are  less  numerous  than  the  afferentia,  and  come  out  at  the  hilum,  form 
large,  wide,  almost  cavernous  dilatations,  and  they  anastomose  near  the  gland 
(^./.).  Through  them  the  lymph  passes  out  at  the  opposite  surface  of  the  gland. 
The  lymph  percolates  through  the  gland,  and  passes  along  the  lymph-paths, 
which  represent  a  kind  of  rete  mirabile  interposed  between  the  alTerent  and 
efferent  lymph-vessels. 

During  its  passage  through  this  complicated  branched  system  of  spaces,  the 
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movement  of  the  lymph  through  the  gland  is  retarded,  and,  owing  to  the 
numerous  resistances  which  occur  in  its  path,  it  has  very  little  propulsive 
energy.  The  lymph-corpuscles  which  lie  in  the  meshes  of  the  adenoid  reticulum 
are  washed  out  of  the  gland  by  the  lymph-stream.  The  lymph-corpuscles  lying 
within  the  follicular  threads  pass  through  the  narrow  meshes  (o)  into  the  lymph- 
paths.  The  formation  of  lymph-corpuscles  either  occurs  locally,  from  division 
of  the  pre-existing  cells,  or  new  leucocytes  wander  out  into  the  follicular 
threads.  The  movement  of  the  lymph  through  the  gland  is  favored  by  the 
muscular  action  of  the  capsule.  When  the  capsule  contracts  energetically,  it 
must  compress  the  gland  like  a  sponge,  and  the  direction  in  which  the  Ruid 
moves  is  regulated  by  the  position  and  arrangement  of  the  valves. 

[Formation  of  Leucoc3rte8  in  Lymph-glands. — ^This  takes  place  chiefly 
in  the  cortical  alveoli.  In  the  centre  of  each  is  a  germ-centre,  in  the  form 
of  a  spherical  group  of  leucocytes,  which  stain  more  deeply  with  staining  re- 
agents than  the  surrounding  leucocytes.  These  cells  divide  by  mitosis,  and 
the  chromatin  filaments  can  be  stained  with  safifranin  or  other  chromatin  dye 
(fig-  275).  Mitosis  lakes  place  to  a  much  less  ^extent  in  the  medullary  cords 
and  the  cells  of  the  lymph-stream  itself.] 

Chemistry  of  Lymph-glands. — In  addition  to  the  constituents  of  lymph  and  leucocytes 
il  24),  the  following  chemical  substances  have  been  found  in  lymphatic  glands — leucin  and 
xanthiin. 

198.  PROPERTIES   OF   LYMPH   AND   CHYLE.— Lymph  is 

an  albuminous,  colorless,  clear  alkaline  fluid,  containing  lymph-corpuscles, 
which  are  identical  with  the  colorless  blood-corpuscles  (§9).  [Its  specific  grav- 
ity b  1012-1022.]  In  some  places,  e.g.,  in  the  thoracic  duct,  a  few  colored 
blood-corpuscles  have  been  found.  The  lymph-corpuscles  are  supplied  to  the 
lymph  and  chyle  from  the  lymphatic  glands  and  the  adenoid  tissue.  As  to  their 
source  see  §  200,  2.  They  also  pass  out  of  the  blood-vessels  and  wander  into 
the  lymphatics.  As  red  blood-corpuscles  have  also  been  seen  to  pass  out  of 
the  blood-vessels,  this  explains  the  occasional  presence  of  these  corpuscles  in 
some  l3rmphatics ;  but  when  the  pressure  within  the  veins  is  high,  near  the  cen- 
tral orifice  of  the  thoracic  duct,  red  blood -corpuscles  may  pass  into  the  tho- 
racic duct.  But  we  are  not  entitled  to  conclude  from  their  pressure  that 
lymph-cells  form  red  blood-corpuscles.  In  addition,  the  chyle  contains 
numerous  fatty  granules,  each  surrounded  with  an  albuminous  envelope. 
[Thus  the  chyle,  in  addition  to  the  constituents  of  the  lymph,  contains,  espe- 
cially during  digestion,  a  very  large  amount  of  fat,  in  the  form  of  the  finely- 
emulsionized  fat  of  the  food,  which  gives  it  its  characteristic  wAife  or  milky 
appearance.  During  hunger,  the  fluid  in  the  lacteals  resembles  ordinary  lymph. 
The  fine  fat-granules  constitute  the  so-called  •* molecular  basis"  of  the 
chyle.] 

Composition  of  Lymph. — The  lymph  consists  of  lymph-plasma  with 
lymph-corpuscles  suspended  in  it.  The  corpuscles  or  leucocytes  are  de- 
5»cribed  in  §  24.  The  lymph-plasma  contains  the  three  so-called  fibrin- 
factors,  derived  very  probably  from  the  breaking  up  of  lymph-corpuscles  (§  29). 
When  lymph  is  withdrawn  from  the  body,  these  substances  cause  it  to  coagu- 
late. Coagulation  occurs  slowly,  owing  to  the  formation  of  a  soft,  jelly-like, 
small  *' lymph-clot,"  which  contains  most  of  the  lymph -corpuscles.  The 
exuded  fluid  or  lymph-serum  contains  alkali- albuminate  (precipitated  by 
acids),  serum- albumin  (coagulated  by  heat),  and  paraglobulin — the  latter  two 
occurring  in  less  amount  but  in  the  same  proportion  as  in  the  blood-serum  ;  37 
per  cent,  of  the  coagulable  proteids  is  paraglobulin. 

[After  rapid  injection  of  peptone  into  the  blood  the  lymph  dues  not  clot  {^Fano),  Peptone 
injection  profoundly  alters  the  endothelial  cells  of  the  blood-capillaries.] 
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[The  same  organic  constituents  occur  in  lymph  as  in  blood- plasma,  although 
in  different  proportions,  but  COj  and  urea  are  more  abundant  in  lymph  than 
blood.  The  inorganic  constituents  are  approximately  the  same  in  amount  and 
in  the  same  proportion  in  the  two  fluids : — 

Human  Blood-plasma. 

Water, 902.90 

Solids,      ...  97.10 

Fibrin, 4.05 

Other  proteids, 78.84 

Extractives, 5.66 

Inorganic  salts, 7^*55 


Human  Lymph. 
986.34 
13.66 
1.07 
2.30 
I.51 
8.78.] 


(i)  Chyle  is  the  name  given  to  the  fluid  which  occurs  within  the  lacteals  of 
the  intestinal  tract  during  the  digestion  of  fatty  food.  It  can  only  be  obtained 
in  vtry  small  amount  before  it  is  mixed  with  lymph,  and  hence  the  difficulty  of 
investigating  it.  A  few  lymph -corpuscles  occur  even  in  the  origin  of  lac- 
teals within  the  villi,  but  their  number  increases  in  the  vessels  beyond  the 
intestine,  more  especially  after  the  chyle  has  passed  through  the  mesenteric 
glands.  The  amount  of  solids,  which  undergoes  a  great  increase  during  di- 
gestion, on  the  contrary,  diminishes  when  chyle  mixes  with  l3anph.  After  a 
diet  rich  in  fatty  matters  the  chyle  contains  innumerable  fatty  granules  (2-4 
M  in  size).  [This  is  the  so-called  *•  molecular  basis  "  of  the  chyle.]  The 
amount  oi  fibrin  factors  increases  with  the  increase  of  lymph- corpuscles  as  they 
are  formed  from  the  breaking  up  of  the  lymph-corpuscles ;  a  diastaiic  ferment 
absorbed  from  the  intestine;  occasionally  sugar ;  after  much  starchy  food  lac- 
tates; peptone  in  the  leucocytes  (§  192,  I,  3),  and  traces  of  urea  and  leucin. 
[The  chyle  contains  a  greater  percentage  of  solids,  as  compared  with  lymph, 
while  the  fats  are  specially  abundant  in  chyle.] 

The  Chyle  of  a  person  who  was  executed  contained  90.5  per  cent,  of  water. 

'  Fibrin, trace 


Solids, 9.5 


Albumin, 7.1 

Fats, 0.9 

Extractives, I.o 

.  Salts, 0.5 

Schmidt  found  the  following  inorganic  substances  in  1000  parts  of  chyle  of  a  horse: — 


Sodic  chloride,     .    .   5.84     '     Sulphuric  acid,    .    .    .   0.05 

Soda, I.I 7  Phosphoric  acid,     .    .   0.05 

Potash, 0.13         Calcic  phosphate,    .    .   0.20 

[The  following  table  shows  the  composition  of  chyle  in  some  animals: — 


Magnesic  phosphate,  .  0.05 
Iron, trace 


too  Parts  Chyle  contain 


Man. 


Dog. 


Water, 
Solids, 


Fibrin,  .    . 
Proteids,    . 
Fat,  etc.,   . 
Extractives, 
Salts,     .    . 


} 


90.5 

91.2 

92.8 

9.5 

1 

8.8 

7.2 

O.I 

1 

0.1 

0.1 

7.0 

1 

2.7 

4.0 

1.0 

4.9 

.      1.5 

1.4 

{ 

0.3 
0.8 

0.8 
0.8 

. 

(Munk).] 

Horse. 


[Extravasations  of  Chyle  and  Chylous  Ascites. — After  ligature  of  the  thoracic  duct 
in  dogs,  the  receptaculum  cbvli  bursts  and  the  chyle  is  discharged  into  the  peritoneal  cavity. 
Sometimes  there  is  rupture  of  the  lacteal  paths  in  man,  when  the  chyle  passes  into  the  perito- 
neum, causing  chylous  dropsy.] 

(2)  The  lymph  obtained  from  the  beginning  of  the  lymphatic  system  also 
contains  very  few  lymph-corpuscles ;  it  is  clear,  transparent,  and  colorless,  and 
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closely  resembles  the  fluids  of  serous  cavities.  That  the  lymph  coming  from 
different  tissues  varies  somewhat  is  highly  probable,  but  this  has  not  been 
proved.  After  lymph  has  passed  through  lymphatic  glands,  it  contains  more 
corpuscles,  and  also  more  solids,  especially  albumin  and  fat.  Ritter  counted 
8200  lymph-corpuscles  in  i  cubic  centimetre  of  the  lymph  of  a  dog. 

Lymph  obtained  from  a  lymphatic  fistula  in  the  leg  of  a  man  has  an  alkaline 
reaction  and  a  saline  taste,  and  the  following  composition  : — 


Lymph 
{H«M**n  6*  DShnUrdt). 


Water, 9863 

Solids, 1.37 

Fibrin, o.ii 

Albumin, 0.14 

Alkali-albuminate,      .    .    0.09 
Extractives,       )  ^  ^  - 

Urea,  Leucin,    i    '    '    '      *  ^ 

Salts 0.88 

70  vol.  %  of  absorbed  CO,,  50  %  could 
be  pumped  out,  and  20  %  liberated 
by  the  addition  of  an  acid. 


Cerebro-spinal  Fluid 
{JHoppeSeyter). 


98.74 
1.25 

•        • 

0.16 


The  cerebro-spinal  fluid  and  ab- 
dominal lymph  contain  a  kind  of 
sugar  (?)  (without  the  property  of 
rotating  polarized  light — Hoppe- 
Seyler), 


Pericardial  Fluid 
(v.  Qoru^Btsantz), 


95.51 
4.48 
0.08 

2.46 


1.26 


[The  following  table  from  Munk  shows  the  composition  of  l3rmph  in  man  and  some  animals: — 


100  Parts  of  Lymph  contain 


I 


Water, 


SoUds, 


Fibrin,    .    . 
PhMeids,   . 
Fats,  etc.,  . 
Extractives, 
Salts,     .    . 


Man. 


95.0 
5.0 
0.1 

4.1 
traces 

03 
0.5 


Horse. 

95.8 
4.2 
O.I 
2.9 

traces 
0.1 
I.I 


Ox. 

964 

3.6 
0.1 
2.8 
traces 
0.1 
0.6] 


100  parts  of  the  ash  of  lymph  contained  the  following  substances : — 


Sodium  chloride,    .   .  74.48 

Soda, 10.36 

Potash, 3.26 


Lime, 0.98 

Magnesia,  .......  0.27 

Phosphoric  acid,       .    .    .1.09 


Sulphuric  acid,  ....  1.28 
Carbonic  acid,  ....  8.21 
Iron  oxide, 0.06 


Just  as  in  blood,  potash  and  phosphoric  acid  are  most  abundant  in  the 
corpuscles ;  while  soda  (chiefiy  sodium  chloride)  is  most  abundant  in  the 
Ijrmph- serum.  The  potash  and  phosphoric  acid  compounds  are  most 
abundant  in  cerebro-spinal  fluid,  according  to  C.  Schmidt.  The  amount  of 
water  in  the  lymph  rises  and  falls  with  that  of  the  blood. 

Gases  of  Lymph. — Dog's  lymph  contains  much  CO^ — more  than  40  vols. 
per  cent.,  of  which  17  per  cent,  can  be  pumped  out,  and  23  per  cent,  expelled 
by  acids,  while  there  are  only  traces  of  O  and  I^2  vols,  per  cent.  N.  {Ludwig. 
Aammarsten).     See  also  p.  230. 

[The  cerebro-spinal  fluid  contains  a  substance  which  reduces  an  alkaline  solution  of  cupric- 
bydrate.  It  is  not  sugar  but  pyrocatechin.  The  potassic  are  in  excess  of  the  soda  salts,  while 
the  fluid  of  meningoceles  and  chronic  hydrocephalus  contains  proto-albumose,  some  serum- 
^lobultn,  no  serum -allmmin,  but  the  last  is  present  in  acute  hydrocephalus  fluid.  No  albumose 
is  found  in  pericardial  or  pleuritic  fluids  {^Halliburton),  The  fluid  is  not  a  simple  exudation 
lirom  the  blood.     It  presents  rather  the  characters  of  a  secretion.] 

[Serosity  or  Lymph  of  Serous  Cavities. — Ranvier  has  made  the  re- 
markable discovery  that  the  fluid  in  normal  serous  cavities,  e,  g,j  the  peritoneum, 
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is  usually  not  clear  like  water,  but  somewhat  turbid  or  even  opalescent.  This 
fluid  always  contains  red  blood -corpuscles  and  several  varieties  of  spherical 
colorless  corpuscles  varying  in  struciure  and  reactions  according  to  the  animal 
examined.  In  the  fluid  from  the  rabbit's  peritoneal  cavity,  nearly  all  the  color- 
less cells  have  the  same  structure,  although  their  diameter  varies  from  6  to  20  ji. 
The  largest  variety  often  contains  many  vacuoles.  There  are  no  cells  so  large 
either  in  the  lymph  or  blood.  Most  of  the  cells  exhibit  amoeboid  movements. 
If  they  are  lymphatic  cells,  they  have  become  greatly  altered  after  leaving  the 
vessels  and  passing  into  the  peritoneal  cavity.  In  the  rat  also  there  are  color- 
less cells,  some  of  which  are  amoeboid  and  others  not.  The  last  variety— 
non-amoeboid — is  granular  and  very  large,  20-25  fx  in  diameter,  and  are  readily 
colored  by  fuchsin  or  methyl -violet.  No  corresponding  cells  exist  in  the  rater 
rabbit.  In  the  pleuro-peritoneal  cavity  of  reptiles  stnnlar  ianrge  granular  cells 
are  found,  comparable  to  those  of  the  rat,  but  no  large  granular  cells  occur  in 
the  frog.  Ranvier  is  of  opinion  that  there  is  a  close  relationship  between  true 
clasmatocytes  (p.  385)  and  the  non-amoeboid  cells  of  the  serosity  of  the  pleuro- 
peritoneal  cavity.] 

199.  QUANTITY  OF  LYMPH  AND  CHYLE.— When  it  is  stated 
that  the  total  amount  of  the  lymph  and  chyle  passing  through  the  large  vessels 
in  twenty-four  hours  is  equal  to  the  amount  of  the  blood,  it  must  be  remem- 
bered that  this  is  merely  a  conjecture.  Of  this  amount  one-half  may  be  lymph 
and  the  other  half  chyle.  The  formation  of  lymph  in  the  tissues  takes  place 
continually,  and  without  interruption.  Nearly  6  kilos,  of  lymph  were  collected 
in  twenty  four  hours  from  a  lymphatic  fistula  in  the  arm  of  a  woman,  by  Gubler 
and  Quevenne;  70  to  100  grms.  were  collected  in  i^  to  2  hours  from  the 
large  lymph-trunk  in  the  neck  of  a  young  horse.  The  following  conditions 
affect  the  amount  of  chyle  and  lymph : — 

(i)  The  amount  of  chyle  undergoes  very  considerable  increase  during 
digestion,  more  especially  after  a  full  meal,  so  that  the  lacteals  of  the  mesen- 
tery and  intestine  are  distended  with  white  or  milky  chyle.  During  hunger 
the  lymph-vessels  are  collapsed,  so  that  it  is  difficult  to  see  the  large  trunks. 

(2)  The  amount  of  lymph  increases  especially  with  the  activity  of  the 
organ  from  which  it  proceeds.  Active  or  passive  muscular  movements 
greatly  increase  its  amount.  Lesser  obtained  in  this  way  300  cubic  centimetres 
of  lymph  from  a  fasting  dog,  whereby  its  blood  became^  inspissated  as  to 
cause  death. 

(3)  All  conditions  which  increase  the  pressure  upon  the  juices  of  the 
tissues  increase  the  amount  of  lymph,  and  vice  versd.     These  conditions  are : — 

{a)  An  increase  of  the  blood-pressure,  not  only  in  the  whole  vascular  system,  but  also 
in  the  vessels  of  the  corresponding  organ,  augments  the  amount  of  lymph,  and  vi^e  ven&  (Lm^tei^, 
Tomsd),  This,  however,  is  douhtfui,  as  has  been  shown  by  Paschutin  and  Emminghaas.  [Is 
order  to  increase  the  amount  of  lymph  depending  upon  pressure  within  the  vessds,  wbax 
must  happen  is  increased  pressure  within  the  capillaries  and  veins.] 

{b\  Ligature  or  obstruction  of  the  efferent  veins  greatly  increases  the  amount  of  Ivb^^ 
which  flows  from  the  corresponding  parts  {Bidder^  Emmingkaus).  It  may  be  doubled  ia 
amount.  Tight  bandages  cause  a  swelling  of  the  parts  on  the  peripheral  side  of  the  bandage, 
owing  to  a  copious  effusion  of  lymph  into  the  tissue  (congestive  oedema). 

[c)  An  increased  supply  of  arterial  blood  acts  in  the  same  way,  but  to  a  less  degree. 
Paralysis  of  the  vaso-motor  nerves,  or  stimulation  of  vaso-dilator  fibres,  by  increasing  the  siqppiy 
of  blood  increases  the  amount  of  lymph ;  while  diminution  of  the  blood-supply,  owing  to 
stimulation  of  vaso-motor  fibres  or  other  causes,  diminishes  the  amount.  Even  after  lig«ti»v 
of  both  carotids,  as  the  head  is  still  supplied  with  blood  by  the  vertebrals,  the  lymph- 
the  large  cervical  lymphatic  does  not  cease. 

(4)  When  the  total  amount  of  the  blood  is  increased,  by  the  injection  of  blood  or 
into  the  arteries,  much  fluid  passes  into  the  tissues  and  increases  the  formation  of  Ijrmph. 

(5)  The  formation  of  lymph  still  goes  on  for  a  short  time  after  death,  and  after  comf^^ 
essation  of  the  action  of  the  heart,  but  only  to  a  slight  extent.     If  fresh  blood  be  caosed  » 
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circulate  in  the  body  of  an  animal,  while  it  is  still  warm,  more  lymph  flows  from  the  lym- 
phatics. It  appears  as  if  the  tissues  obtained  plasma  from  the  blood  for  a  time  after  the 
stoppage  of  the  circulation.  This  perhaps  explains  the  circumstance  that  some  tissues,  e.  g.y 
connective-tissues,  contain  more  fluid  after  death  than  during  life,  while  the  blood-vessels  have 
given  out  a  considerable  amount  of  their  plasma  after  death. 

(6)  The  amount  of  lymph  is  increased  under  the  influence  of  curare,  and  so  is  the  amount 
of  solids  in  the  lymph  {^Lesser).  A  large  amount  of  lymph  collects  in  the  lymph-sacs  [especially 
the  sub-lingual]  of  fn^  poisoned  with  curare,  which  is  partly  explained  by  the  fact  that  the 
lymph-hearts  are  paralyzed  by  curare. 

(7)  The  amount  of  lymph  is  also  increased  in  inflamed  parts. 

[(8)  Injection  of  peptone  into  the  blood  causes  a  large  increase  in  the  rate  of  flow  of  lymph. 
In  the  thoracic  duct  it  may  be  increased  tenfold,  notwithstanding  the  fall  of  blood- pressure  due 
to  the  peptone  injected.     The  amount  of  solids  also  increase  (^Heidenhain)^ 

aoo.  ORIGIN  OF  LYMPH.— (i)  Source  of  the  Lymph-Plasma.— 

The  lymph-plasma  may  be  partly  regarded  as  fluid  which  has  been  pressed 
through  the  walls  of  the  blood-vessels  by  the  blood-pressure,  /.^.,  by  filtration 
into  the  tissues.  The  salts  which  pass  most  readily  through  membranes  go 
through  nearly  in  the  same  proportion  as  they  exist  in  blood-plasma — \\it  fibrin- 
factors  to  about  two-thirds,  and  albumin  to  about  one-half  of  that  in  the  blood 
(p.  44).  As  in  the  case  of  other  filtration-processes,  the  amount  of  lymph 
must  increase  with  increasing  pressure. 

Lodwi^  and  Tomsa  found  that  when  they  passed  blood-serum  under  varying  pressures  through 
the  blood  vessels  of  an  excised  testis,  the  amount  of  transuded  fluid  which  flowed  from  the 
lymphatics  varied  with  the  pressure.  This  **  artifioial-lyniph  "  had  a  composition  similar  to 
that  of  the  natural  lymph.  Even  the  amount  of  albumin  increased  with  increasing  pressure. 
The  lymph -plasma  is  mixed  in  the  diflierent  tissues  with  the  decomposition  products,  the  results 
of  the  metabolism  of  the  tissues. 

[There  are  reasons  for  thinking  that  the  formation  of  lymph  is  not  entirely, 
or  chiefly  due  to  filtration,  /.^.,  it  is  not  merely  a  transudation  from  the  blood- 
vessels. By  some  it  is  regarded  as  a  secretory  product  of  the  cells  of  the 
capillary  wall  (^Heidenhain),'] 

[When  sugar,  egg-albumin»  peptone,  urea,  or  NaCl  are  injected  into  the  blood  they  pass  in  a 
concentrated  form  into  the  increased  lymph-stream.  If  peptone  be  injected  the  blood-pressure 
falls  enormously,  still  these  bodies  pass  into  the  lymph,  so  that  their  passage  cannot  be  due 
entirely  to  blood-pressure.  The  increase  of  the  lymph  under  (8)  led  Heidenhain  to  regard  the 
formation  of  lymph  not  as  a  transudation,  but  as  a  true  secretion  from  the  blood-vessels.  With 
the  increase  of  the  lymph-stream,  the  secretion  of  urine  also  increases.  One  may  regard  the 
lymph-system  as  a  reservoir  which  temporarily  takes  up  substances  from  the  blood  until  they 
can  be  excreted  by  the  urine  {Heidenhain).  Peptone  when  injected  slowly  into  the  blood  is 
excreted  in  the  urine,  but  if  the  renal  vessels  are  tied  it  passes  from  the  blood  into  the  lymph. 
If  it  be  rapidly  injected  it  b  chiefly  thrown  out  into  the  lymph,  and  afler  a  time  it  passes  from 
the  lymph  in  the  tissues  of  the  body  into  the  thoracic  duct  and  then  enters  the  blood  again.] 

[If  peptone  be  injected  into  the  lymphatic  system  it  can  be  recovered  un- 
changed. Thus  the  lymphatic  glands  have  not  the  power  to  assimilate  peptone 
and  convert  it  into  serum-albumin,  as  has  been  suggested  by  some  observers 
(Shore).'] 

When  the  muscles  act,  not  only  is  the  lymph  poured  out  more  rapidly,  but 
more  lymph  is  formed.  The  tendons  and  fasciae  of  the  muscles  of  the  skeleton, 
ivhich  are  provided  with  numerous  small  stomata,  absorb  the  lymph  from  the 
muscles.  By  the  alternate  contraction  and  relaxation  of  these  fibrous  structures, 
they  act  like  suction-pumps,  whereby  the  lymphatics  are  alternately  filled  and 
emptied,  while  the  lymph  is  propelled  onwards.  Even  passive  movements 
act  in  the  same  way.  If  solutions  be  injected  under  the  fascia  lata,  they  may 
be  propelled  onwards  to  the  thoracic  duct  by  passive  movements  of  the  limb 
(Z,  udwij^j  Schwdgger-Seidel) . 

{1)  The  source  of  the  lymph-corpuscles  varies. — (i)  A  very  consid- 
erable number  of  lymph-corpuscles  are  derived  from  the  lymphatic  glands 
(p.  391);  they  are  washed  out  of  these  glands  into  the  vas  efferens  by  the 
lyinph-stream ;  hence,  the  lymph  always  contains  more  corpuscles  after  it  has 
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passed  through  a  lymph-gland.  Small  isolated  lymph-follicles  permit  corpus- 
cles to  pass  through  their  limiting  layer  into  the  lymph-stream.  (2)  Those 
organs  whose  basis  consists  of  adenoid  tissue  and  in  whose  meshes  numerous 
lymph-corpuscles  occur,  e.g.,  the  mucous  membrane  of  the  entire  intestinal 
tract,  red  marrow  of  bone,  and  the  spleen  (§  103).  The  cells  reach  the  origin 
of  the  lymph-stream  by  their  own  amoeboid  movements.  (3)  As  lymph-cor- 
puscles are  returned  to  the  blood-stream,  where  they  appear  as  colorless  blood- 
corpuscles,  so  they  again  pass  out  of  the  blood-capillaries  into  the  tissues, 
partly  owing  to  their  amoeboid  movements,  and  they  are  partly  expelled  by  the 
blood- pressure.  In  rare  cases  lymph-corpuscles  wander  from  lymphatic  spaces 
back  again  into  the  blood-vessels. 

Fine  particles  of  cinnabar  or  milk-globules  introduced  into  the  blood  soon  pass  into  ihe  lym- 
phatics. The  extrusion  of  particles  is  greater  during  venous  congestion  than  when  the  drciiJa' 
tion  is  undisturbed,  just  as  with  diapedesis  (J  95);  inflammatory  affections  of  the  vascular  vaJ] 
also  favor  their  passage.     The  vessels  of  the  portal  system  are  especially  pervious. 

(3)  By  mitotic  division  of  the  lymph-corpuscles  (p.  391),  and  also 
by  proliferation  of  the  fixed  connective-tissue  corpuscles.  This  pro- 
cess certainly  occurs  during  inflammation  of  many  organs.  This  has  beea 
proved  for  the  excised  cornea  kept  in  a  moist  chamber ;  the  nuclei  of  the 
cornea-corpuscles  also  proliferate. 

That  the  connective-tissue  corpuscles  proliferate  is  shown  by  the  enormoos  prodoctioa  of 
lymph-corpuscles  in  acute  inflammations  (with  the  formation  of  pus),  f^,,  in  extensive  eiysipebs. 
and  inflammatory  purulent  effusions  into  serous  cavities,  where  the  number  of  corpuscles  is  \ao 
great  to  be  explained  by  the  wandering  of  blood-corpuscles  out  of  the  blood-vessels. 

Decay  of  Lymph-Corpuscles. — The  lymph-corpuscles  disappear  partly 
where  the  lymphatics  arise,  and  also  in  the  lymphatic  glands.  The  presence 
of  the  fibrin-factors  in  the  lymph — formed  as  they  are  from  the  breaking-up  of 
lymph-corpuscles — seem  to  indicate  this.  In  inflammation  of  connective-tissoc, 
in  addition  to  the  formation  of  numerous  new  lymph-corpuscles,  a  considerable 
number  seems  to  be  dissolved ;  hence  the  lymph,  and  also  the  blood,  in  this 
case  contains  more  fibrin.  Lymph-corpuscles  are  also  dissolved  within  the 
blood-stream,  and  help  to  form  the  fibrin-factors,  [or  rather  the  precursor  of 
fibrin.] 

201.  MOVEMENT  OF  CHYLE  AND  LYMPH.— The  ultimate 
cause  of  the  movement  of  the  chyle  and  lymph  depends  upon  the  difference 
of  the  pressure  at  the  origin  of  the  lymphatics,  and  the  pressure  where  the 
thoracic  duct  opens  into  the  venous  system. 

(i)  The  forces  which  are  active  at  the  origin  of  the  lymphatics  are  con- 
cerned in  moving  the  lymph,  but  these  must  vary  according  to  the  place  of 
origin — (a)  The  lacteals  receive  the  first  impulse  towards  the  movements  of 
their  contents — the  chyle — from  the  contraction  of  the  muscular  fibres  of 
the  villi  (pp.  366,  372).  When  these  contract  and  shorten,  the  axial  lacteal 
is  compressed,  and  its  contents  are  forced  in  a  centripetal  direction  toward> 
the  large  lymphatic  trunks.  When  the  villi  relax,  the  numerous  valves  prevent 
the  return  of  the  chyle  into  the  villi,  {b)  Within  those  lymphatics  which 
take  the  form  of  perivascular  spaces,  every  time  the  contained  blood-vissei  it 
dilated  the  surrounding  lymph  will  be  pressed  onwards.  {/)  In  case  of  the 
pleural  lymphatics  with  open  mouths,  every  inspiratory  movement  acts  like 
a  suction-pump  upon  the  lymph,  and  the  same  is  the  case  with  the  openings  o: 
stomata  of  the  lymphatics  on  the  abdominal  side  of  the  diaphragm,  (d)  I2 
the  case  of  those  vessels  which  begin  by  means  of  fine  juice-canals,  the  move 
ment  of  the  lymph  must  largely  depend  upon  the  tension  of  the  juices  of 
the  parenchyma,  and  this  again  must  depend  upon  the  tension  or  pressur 
in  ihe  blood  capillaries^  so  that  the  blood-pressure  acts  like  a  vis  a  tergo  in  t^ 
rootlets  of  the  lymphatics. 
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[In  tome  oTsna  pcrcaliBr  pamping  ■rwnyementi  are  brought  into  action.  The  abdombal 
suifiM  of  the  cenlial  tendon  of  tbe  diaphragm  iaprovided  with  slomata,  or  open  communka- 
lioDi  between  the  peritnneil  cavity  and  the  lymphatics  in  the  substance  of  the  tendon.  Von 
Recltlinghaiuen  found  that  milk  put  upon  the  peritoneal  surfice  of  Ibe  cenlral  tendon  showed 
little  eddies,  caused  b;  the  milk-globules  passing  through  the  stomata  and  entering  the  Ij'in- 
phatici.  The  central  tendon  consists  of  two  layeis  of  fibrous  tissue  onsnged  in  different 
directions  (fig.  377,  i,  c).  When  the  diaphragm  moves  during  respiration,  these  layers  ere 
allemaiely  pressed  togrlher  and  pulled  apart.  Thus  the  spaces  are  alternately  dilated  and  con- 
tracted, lymph  being  drawn  into  the  lymphatics  through  the  Momau  (fig.  277,  h).  The  same 
kind  of  pumping  mechanism  exists  over  the  costal  pleura.  The  fascia  covering  the  muscles  is 
another  similar  mechanism.  The  fascia  consi^ts  of  two  layers  of  fibrous  tissue,  with  iDiervening 
lymphatics  (fig.  278).  When  a  muscle  contracts,  lymph  is  farced  out  from  l>etween  the  layers 
of  the  fascia,  while,  when  it  relaxes,  the  lymph  from  the  muscle,  carrying  with  il  some  of  the 
waMe  products  of  muscular  action,  passes  out  of  the  mnscle  into  the  fascia,  between  the  now 
partially  5rpai3]ed  layers.] 

[L.udwig'B  Experiment Tie  a  resj^ration  cannula  in  the  trachea  of  a  dead  rabhil;  cut 

across  the  body  of  the  animal  immediately  below  the  diaphragm ;  remove  the  viscera,  and  ligatare 
the  vessels  passing  between  the  thorax  and  abdomen;  tie  the  thorax  loan  iron  ring,  and  hang  it  up 
with  the  head  downwards;  poor  a  solution  of  Berlin  blue  upon  the  peritoneal  surface  of  thedia. 
phragm;  connect  the  respiralioti  cannula  either  with  a  pair  of  bellows  or  an  apparatus  for 
artificial  respiration,  and  imitate  the  reapiiatory  movemenls.  AAer  a  few  minulrs  the  lymphatics 
are  filled  with  a  blue  injeclioQ  showing  a  beautiful  plexus.] 

(a)  Within  the 
lymph-lrunks  them- 
selves, the  indepen- 
dent contraction 
of  their  muscular 
fibres  partly  aids  the  ' 
lymphstrea'm.  Heller 

observed  in  the  mes-  Fig.  277. 

entery  of  the  guinea-  Section  of  central  tendon  of  diaphragm.  The  injected  lymph-spaces, 
pis  that  the  peri-  il  and  A,  are  black.  Aty  the  walls  of  the  space  have  collapsed. 
staltic  movement  of  the  lymphatic  wall  passed  in  a  centripetal  direction.  The 
numerous  valves  prevent  any  reflux.  The  contraction  of  the  surrounding 
muscles,  and  pressure  upon  the  vessels  and  the  tissues,  aid  the  current.  If  the 
outflow  of  blood  from  the  veins  isinterfered  with,  lymph  flows  copiously  from  the 
corresponding  tissues.  [If  a  cannula  be  tied  in  a  lymphatic  of  a  dog,  a  few 
drops  of  lymph  flow  out  at  long  intervals.  But  if  even  ^(/jjiz'^  movements  of  the 
limb  be  made,  «.f.,  simply  flexing  and  extending  the  limb,  the  outflow  becomes 
very  considerable  and  continuous.] 

(3)  The  lymph-glands,  which  occur  in  the  course  of  the  lymphatics,  offer 
very  considerable  resistance  to  the  lymph-stream,  which  must  pass  through  the 
lymph-paihs,  whose  spaces  are  traversed  by  adenoid  tissue,  and  contain  a  few 
lymph -corpuscles.     But  this  is,  to  a  certain  extent,  compensated  for  by  the 
non-striped  mus- 
cle which  exists 
in     the    capsule 
and  trabecule  of  ' 
the    glands. 
When  they  con-  ' 
tract   they  force 
on     the    lymph,  ' 
while  the  valves  , 
prevent  its  reflux,  ; 
Enlarged      lym- 
phatic   glands  *" 
have   been   seen  fig.  278. 
to  contract  when             Injected  lymph-spaces  (bbck)  from  the  fascia  lata  of  the  dt^. 
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Stimulated  electrically.     [Botkin  has  stimulated  enlarged  lymphatic  glands ii-illi 
electncity  in  cases  of  leukaemia,  and  found  that  they  contracted  somewhat.] 

(4)  The  lymph-vessels  gradually  join  to  form  larger  vessels,  and  finally  end 
in  one  tniok.  Thus  the  sectional  area  diminishes,  so  that  the  velocity  of  the 
current  and  the  pressure  are  increased.  Nevertheless,  the  velocity  is  alwavs 
small ;  it  varies  from  230  to  300  millimetres  per  minute  in  the  large  lymphatic 
in  the  neck  of  a  horse,  a  fact  which  enables  us  to  conclude  that  the  moveioeni 
must  be  very  slow  in  small  vessels.  The  lateral  pressure  at  the  same  plare 
was  10  to  30  mm.,  and  in  the  dog  5  to  10  mm.  of  a  weak  solution  of  kkIj, 
although  it  was  ^  13  mm.  Hg  in  the  thoracic  duct  of  a  horse. 

(5)  The  respiratory  movements  exercise  a  considerable  influence  upon 
the  lymph-stream  in  the  thoracic  duct,  and  in  the  right  lymphatic  duct ;  evcrr 
inspiration  favors  the  passage  of  the  venous  blood,  and  also  of  the  lymph 
towards  the  heart;  indeed,  the  pressure  in  the  thoracic  duct  may  even  become 
jiegative.  [The  diastolic  suction  of  the  heart,  by  diminishing  the  presure  in 
the  subclavian  vein,  also  favors  the  inflow  of  lymph  into  the  thorax.] 

(6)  L.yinpb-kle«rlB  exist  in  certain  cold-blooded  animals.  The  frog  has  two  aziUii7 
hcatu  (above  the  iboolder  near  the  venebral  column),  and  two  tacral  hearts,  one  od  nd: 
tide  of  ibe  coccyx  near  the  anus  (lig.  379,  L),  They  beat,  but  not  synchnmoualj,  bIioiU  sii^v 
times  per  minute,  and  contain  10  cubic  millimelres  of  lymph.  They  have  transfeisely-strifed 
muscular  fibres  in  tbdr  walls,  and  are  aho  provided  with  jwrp^-^aiif/to.  The  posterior  pii 
pump  the  lymph  into  the  branch  of  the  vena  iljaca  communicani,  and  the  anietior  pair  into  ilie 
vena  sub-scaputaris.  Their  puliation  depends  partly,  but  not  exclusively,  upon  the  ^nal  oird. 
for  if  the  cord  be  rapidly  destroyed,  they  may  cease  to  pulsate,  hut  not  unfrequcatly  they  coo 
tinue  to  pulule  after  removal  of  the  cord.  [If  the  cord,  however,  be  destroyed  gradual ly.  tliCT 
continue  to  beat  (Kabrhel)^  A  second  source  of  tbeir  pulsatile  movements  is  to  be  soDgbt  kf. 
in  Waldeyer's  ganglia.  Stimulation  of  the  skin,  intestine,  or  blood-hean  influences  tbem  TefloJi 
— partly  accelerating  and  partly  retarding  them,  [most  frequently  arrsting  them  ib  diatt^  so 
that  there  seems  to  be  an  inhibitory  mechanism  in  the  cord,  but  it  is  not  affected  by  atrapiK 
UCabrktl)^  If  the  coccygeal  nerve,  which  connects  the  sacral  hearts  to  the  spinal  cod.  t< 
divided,  these  effects  do  not  occur.  Strychnia  accelerates  their  movements,  and  so  does  beat<3{ 
of  the  spinal  cord;  hot  if  the  cord  be  cooled,  they  are  retarded.  A  lymph-heart  arroted  ty 
beingexp09ed,or  alter  the  action  of  moscarin,  can  be  caused  to  beat  by  filling  it  under  ptesnae,  be  1 
this  is  not  the  case  when  the  arrest  is  caused  by  destruction  of  its  nerves,  Atttiarin  paralvKi 
the  lymph-heart  and  the  blood-heart  at  the  same  time,  while  curare  paralyns  the  fonner  altnc 
In  other  amphiUans  there  are  two  lymph-heiicts  ;  in  the  ostrich  and  cassowary  and  some  svis 
ming  birds,  and  in  the  embryo  chick  I  or  3.  They  occur  in  some  fishes,  e^g.,  near  the  casdii 
vein  ot  the  eel. 

(7)  The  nervous  system  has  a  direct  efTect  upon  the  lymph-streain,  on 
account  of  its  connection  with  the  muscles  of  the  lymphatics  and  lymph-gUnds. 
and  with  the  lymph-hearts  where  these  exist.     Kilhne  observed  that  the  cornea 

\  corpuscles  contracted  when    the  cor- 

neal nervcswerc stimulated, [and  Hoff- 
man has  described  the  terminatioii  of 
nerves  in  connective- tissue  corpuscles.] 
Goltz  also  observed  that  when  a  dilute 
solution  of  common  salt  was  injected 
under  the  skin  of  a  frog,  it  was  rapidlr 
absorbed,  but  if  the  central  nervon> 
system  had  been  destroyed,  it  was  not 


If  Inflammation  be  inoduccd  in  (be  bici 
legs  of  a  dog,  and  if  the  sciatic  ntrve  tc 
divided  on  one  side,  ixdema  and  a  simnksri 
Dus  increase  of  the  lymph  itrrani  occnr  ca  thi: 
I  nde.  {A  combination  of  coogisiioii  and  is- 
I  ftammation  greatly  increases  the  lyin[A-sticari . 
and  this  is  still  more  the  case  when  the  nenn 
are  divided  at  the  same  time.] 

Ligature  the  leg  of  a  frog,  except  the  viatv- 
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so  as  to  arrest  the  circulation,  and  place  the  leg  in  water;  it  swells  up  very  TBpiAly,  but  a  dead 
limb  does  not  swell  up.  So  that  absorption  is  independent  of  the  continuance  of  the  circulation. 
Section  of  the  sciatic  nerve,  or  destruction  of  the  spinal  cord  (but  not  section  of  the  brain), 
arrests  absorption. 

202.  ABSORPTION  OF  PARENCHYMATOUS  EFFUSIONS. 

— Fluids  which  pass  from  the  blood-vessels  into  the  spaces  in  the  tissues,  or  those 
injected  subcutaneously,  are  absorbed  chiefly  by  the  blood-vessels  but  also  by 
the  lymphatics.  Small  particles,  as  after  tattooing  with  cinnabar  or  China  ink, 
may  pass  from  the  tissue-spaces  into  the  lymphatics — and  so  do  blood-corpuscles 
from  extravasations  of  blood,  and  fat-granules  from  the  marrow  of  a  broken 
bone.  If  all  the  lymphatics  of  a  part  are  ligatured,  absorption  takes  place 
quite  as  rapidly  as  before ;  hence,  absorbed  fluid  must  pass  through  the  thin 
membranes  of  the  blood-vessels.  The  corresponding  experiment  of  ligaturing 
all  the  blood-vessels,  when  no  absorption  of  the  parenchymatous  juices  take 
place,  does  not  prove  that  the  lymphatics  are  not  concerned  in  absorption,  for, 
after  ligaturing  the  blood-vessels  of  a  part,  of  course  the  formation  of  lymph, 
and  also  the  lymph-stream,  must  cease.  When  fluids  are  injected  under  the 
skin,  absorption  takes  place  very  rapidly — more  rapidly  than  when  the  substance 
is  given  by  the  mouth.  The  subcutaneous  injection  of  drugs  is  extensively 
vsed,  but  of  course  the  substances  used  must  not  corrode,  irritate,  or  coagulate 
the  tissues. 

Some  substances  do  not  act  when  given  by  the  month,  as  snake  poison,  poisons  from  dead 
bodies,  or  putrid  things,  although  they  act  rapidly  when  introduced  subcutaneously.  If 
emolsin  be  given  by  the  mouth,  and  amygdalin  be  injected  into  the  veins  of  an  animal, 
hydrocymnic  acid  is  not  formed,  as  the  emulsin  seems  to  be  destroyed  in  the  alimentary  canal. 
If  the  emuUtn,  however,  be  injected  into  the  blood,  and  the  amygdalin  be  given  by  the  mouth, 
the  SDtmal  is  rapidly  poisoned,  owing  to  the  formation  of  hydrocyanic  acid,  as  the  amygdalin  is 
rapidly  absorbed  from  the  intestinal  canal.  The  amygdalin,  a  glucoside  (CjoH^fNOn),  is 
acted  upon  by  fresh  emulsin  like  a  ferment ;  it  takes  up  2(H,0)  and  yields  hydrocyanic  acid 
(CHN),  -|-  oil  of  bitter  almonds  (C^H^O),  -|-  sugar  2(CeH|,O0).  Serum  injected  subcu- 
taneoosly  is  rapidly  absorbed;  it  is  decomposed  within  the  blood-stream,  and  increases  the 
axEkoant  of  urea.     Albuminous  solutions,  oil,  peptones,  and  sugars  are  also  absorbed. 

ao3.  CEDEMA,  DROPSY,  AND  SEROUS  EFFUSIONS.— [Dropsy.— As  aptly 
illastrated  by  Lauder  Brunton,  the  lymph  spaces  may  be  represented  by  cisterns,  each  of  which 
is  provided  with  supply  pipes — the  arteries  and  capillaries ;  while  there  are  two  exit  pipes — 
the  veins  and  lymphatics.  In  health,  the  balance  between  the  inflow  and  outflow  is  such  that 
the  spaces  are  merely  moistened  with  fluid.  When  a  cannula  is  placed  in  a  lymphatic  vessel  in 
a  dog,  only  a  few  drops  of  lymph  flow  out  at  long  intervals,  but  if  the  veins  of  the  limb  be 
ligatured,  the  Ijrmph  flows  much  more  quickly.  This  is  in  part  due  to  the  increased  transuda- 
tion of  fluid  6x>m  the  small  blood-vesseb,  but  it  may  also  be  due  to  fluid  passing  away  by 
tbe  lymphatics  when  it  can  no  longer  be  carried  away  by  the  veins.  We  cannot  say  what  is 
the  relative  share  of  the  veins  and  the  lymphatics,  nor  in  the  above  experiment  do  we  know 
bow  much  is  due  to  increased  transudation  or  diminished  absorption.  When  there  is  an  undue 
accunaulaiion  of  fluid  more  or  less  like  serum  in  the  lymph -spaces,  we  have  the  condition 
termed  dropsy.     When  there  is  general  dropsy  it  is  called  anasarca.] 

^Edema. — if  the  efferent  veins  and  lymphatics  of  an  organ  be  ligatured,  or  if  resistance  be 
offered  to  the  outflow  of  their  contems,  congestion  and  a  copious  transudation  of  lymph  into  the 
tissue  take  place.  These  are  most  marked  in  the  skin  and  subcutaneous  cellular  tissue.  The 
9oft  parts  swell  up,  without  pain  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure 
with  the  finger,  results.  These  are  the  signs  of  lymph-congestion,  which  is  called  cedema  when 
tlie  fluid  is  watery  and  localized. 

Under  similar  circumstances  lymph  is  effused  into  the  serous  cavities.  [In  the  peritoneum 
it  is  ascites — thorax,  hydro- thorax —pericardium,  hydro -pericardium — cranium,  hydro- 
cephalus— tunica  vaginalis,  hydrocele — joints,  hydrarthrosis,  etc.]  If,  at  the  same  time,  a 
lar^  number  of  colorless  blood-corpuscles  p>ass  out  of  the  blood-vessels  into  the  cavity,  the 
fluid  becomes  more  and  more  like  pus.  In  order  that  these  corpuscles  may  proliferate,  a  con- 
!=.ideTable  percentage  of  albumin  is  necessary.  When  the  pressure  within  the  serous  cavity  rises 
that  in  the  small  blood-vessels,  water  may  pass  into  the  blood.  These  seropurulent 
not  unfirequently  undergo  changes,  and  yield  decomposition-products,  such  as  leucin, 
,    xaothin  ,  kreatin,  kreatinin  (?),  uric  acid  (?),  urea.     Endothelium   from  the  serous 
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cavity,  sugar  in  pleuritic  effusions  and  in  oedemas  with  little  albumin,  cholesterin  frequently  id 
hydrocele  fluid,  and  succinic  acid  in  the  fluid  of  echinococci  have  all  been  found  in  these 
effusions.  The  effusion  of  lymph  may  arise  not  only  from  pressure  upon  the  lymphatics,  bit 
also  from  inflammation  and  thrombosis  of  the  lymphatics  themselves,  in  which  cases  not  uofre- 
quently  new  lymphatics  are  formed,  so  that  the  communication  is  re-established.  Somaimes 
the  ductus  thoracicus  bursts  and  lymph  is  poured  directly  into  the  abdomen  or  thorax.  [ligt- 
ture  of  the  thoracic  duct  results  in  rupture  of  the  receptaculum  chyli  and  escape  of  chyle  tod 
lymph  into  the  large  serous  cavities  (Lu^/wig).] 

When  dropsy  or  effusion  of  fluids  occurs  into  serous  cavities,  there  b  always  a  greater  trtoso- 
dation  of  fluid  through  the  blood-vessels.  The  abdominal  blood-vessels,  and  those  which  yieJd 
a  watery  effusion  under  normal  circumstances,  are  those  most  liable  to  be  affected. 

Transudation  is  favored  by — (i)  Venous  congestion,  so  as  to  raise  the  blood-pressure, 
in  which  case  the  effusion  usually  contains  little  albumin  and  few  lymph  corpuscles,  while  the 
colored  corpuscles,  on  the  contrary,  are  more  numerous  the  greater  the  venous  obstnaioiL 
Ranvier  produced  oedema  artiticially  by  ligaturing  the  vena  cava  in  a  dog,  and  at  the  same  time 
dividing  the  sciatic  nerve.  The  paralytic  dilatation  of  the  blood-vessels  thereby  produced 
caused  an  increased  amount  of  blood  to  pass  to  the  limb,  while  the  blood-pressure  was  raised, 
and  both  factors  favored  the  transudation  of  fluid.  [Ranvier*8  experiment  proves  that  mere  ligt- 
ture  of  the  venous  trunk  of  a  limb  dy  itself  is  not  sufficient  to  cause  oedema.  The  oedemt  is 
due  to  the  concomitant  paralysis  of  the  vaso-motor  nerves.  If  the  motor  roots  of  the  sdatic 
nerve  alone  be  divided  along  with  ligature  of  the  vena  cava,  no  oedema  occurs,  but  if  the  vaso- 
motor fibres  are  divided  at  the  same  time,  the  limb  rapidly  becomes  oedematous.  There  is  sidi 
an  increased  transudation  through  the  vascular  walls  that  the  veins  and  lymphatics  cansoc 
remove  it  with  sufficient  rapidity,  and  oedema  occurs.  If  there  be  weakness  of  the  Taso-motor 
nerves,  slight  obstruction  is  sufficient  to  produce  oedema.]  When  the  leg-veins  are  ocdoded 
with  an  injection  of  gypsum,  oedema  occurs.  (2)  Some  unknown  physical  chang^es  occur  io 
the  protoplasm  of  the  endothelium  of  the  capillaries  and  blood-vessels,  which  favor  the  truisQ- 
dation  of  albumin,  haemoglobin,  and  even  blood-corpuscles.  This  occurs  when  ahnonaal  sub- 
stances accumulate  in  the  blood — e,  g.,  dissolved  hWmoglobin — and  when  the  blood  cootfi» 
little  O  or  albumin.  The  same  has  been  observed  after  exposure  to  too  high  temperatures  tnd 
the  swelling  of  soft  parts  in  the  neighborhood  of  an  inflammatory  focus  seems  due  to  the  transods- 
tion  of  fluid  through  the  altered  vascular  wall.  It  is  probable  that  a  nervous  influence  nay  t&sx 
patticular  areas  through  its  action  on  the  blood-vessels  of  the  part  fit  may  be  upon  the  protopltsB 
of  the  blood-capillaries).  The  transudations  of  this  nature  usually  contain  much  albumin  and 
many  lymph-corpuscles.  (3I  When  the  blood  contains  a  very  large  amount  of  water,  tbe 
tendency  to  transudation  of  fluid  is  increased.  After  a  time  it  may  produce  the  changes  indica- 
ted in  (2),  and  when  long  continued  may  increase  the  permeability  of  the  vascular  wall 
Watery  lymphatic  effusions  ftt>m  watery  blood — **  cachectic  oedema"^-occur  in  feeble  aad 
badly-nourished  individuals.  [One  of  the  commonest  forms  of  dropsy  is  the  slight  oedema  of 
the  legs  in  ansemic  persons,  in  whom  the  heart  and  lungs  are  healthy.  Many  factors  are  in- 
volved— the  blood-pressure,  watery  condition  of  the  blood,  the  condition  of  nutrition  of  the 
capillaries,  and  probably  a  tendency  to  vaso-motor  paresis  [Brunton\.'] 

[I'he  fluid  poured  out  varies  according  to  the  rapidity  with  which  this  occurs.  In  acste 
inflammations  effusion  or  exudation  takes  place  rapidly,  and  the  fluid  contains  the  precursor  of 
fibrin,  so  that  it  tends  to  coagulate  spontaneously.  There  is  every  gradation  between  the  noe- 
coagulable  hydrocele  fluid  and  the  coagulable  exudation  in  inflammation.  The  fluids  in  diflcRSt 
dropsies  vary  in  composition,  and  some  have  more  cells  in  them,  depending  on  local  causes,  ss 
in  some  situations  absorption  is  more  active  than  in  others.  The  pleural  fluid  contains  most 
solids,  then  ascitic,  cerebro- spinal,  and,  lastly,  that  in  the  subcutaneous  tissue.  Transudatiofi 
corresponds  to  the  process  of  flltration  through  animal  membranes ;  i .  ^.,  the  transudation  cootaics 
only  those  substances  already  present  in  the  blood-plasma.  The  filtrate  may  even  coaiain 
more  salts  than  the  original  fluid,  as  is  often  the  case  with  fluids  containing  crystalloid  aad 
colloid  bodies.  Senator  flnds,  in  cases  of  oedema  of  the  leg,  that  increase  of  the  venous  pressrae 
increases  the  protdds  in  the  transudation,  but  causes  no  essential  change  in  the  anoount  of  tbe 
salts.] 

[(4)  Ostroumoff  found  that  stimulation  of  the  lingual  nerve  not  only  causes  the  blood-vessel> 
of  the  tongue  to  dilate,  but  that  the  corresponding  side  of  the  tongue  becomes  oedematous.  If 
a  solution  of  dilute  hydrochloric  acid  or  quinine  (J  145)  be  injected  into  the  duct  of  the  sab- 
maxillary  gland,  and  the  chorda  tympani  stimulated,  there  is  no  secretion  of  saliva,  bat  the 
gland  becomes  oedematous.  In  an  animal  poisoned  with  atropin,  stimulation  of  the  chorda  caases 
dilatation  of  the  blood-vessels,  although  there  is  no  secretion  of  saliva,  nevertheless  tbe  glaod 
does  not  become  oedematous  (Heuienhain).  As  Branton  suggests,  this  experiment  points  to 
some  action  of  atropin  on  the  blood-vessels  which  has  hitherto  been  entirely  overlooked.] 

204.  COMPARATIVE  PHYSIOLOGY.— In  the  frog  large  lymph-sacs,  lined  witi 
endothelium, exist  under  the  skin,  while  large  lymph-sacs  lie  in  relation  with  Use  vert^xal 
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—one  on  each  side — separated  from  the  abdominal  cavity  by  a  thin  membrane,  perforated  with 
stomata.  This  is  the  cysterna  lymphatica  magna  of  Panizza.  Some  amphibians  and  many 
reptiles  hare  under  the  skin  large  lymph-spaces,  which  occupy  the  whole  of  the  dorsal  region 
of  the  body.  All  reptiles  and  the  tailed  amphibians  have  large  elongated  reservoirs  for  lymph 
along  the  course  of  the  aorta.  The  lymph-apparatus  of  the  tortoise  (fig.  270)  is  very  extensive. 
The  osseous  fishes  have  in  the  lateral  parts  of  their  backs  an  elongated  lymph-trunk,  which 
reaches  from  the  tail  to  the  anterior  fins,  and  is  connected  with  the  dilated  lymphatic  rootlets 
in  the  base  of  the  tail  and  in  the  fins.  The  largest  internal  lymph-sinus  is  in  the  region  of  the 
oesophagus.  Many  birds  possess  a  sinus-like  dilatation  or  lymph-space  in  the  region  of  the 
tail.  The  lymph-spaces  communicate  with  the  venous  system — with  valves  properly  arranged 
—usually  in  connection  with  the  upper  vena  cava.  Lymph-hearts  have  already  been  referred  to 
{\  201,  6).  In  camivora  the  lymph-glands  of  the  mesentery  are  united  into  one  large  compact 
mass,  the  so-called  **  pancreas  Asellii." 

• 

205.  HISTORICAL. — Although  the  Hippocratic  School  was  acquainted  with  the  lymph- 
glands  from    their   becoming   swollen   from   time   to   time,    and   although    Herophilus   and 
Erasistratus  had  seen  the  mesenteric  glands,  yet  Aselli  (1662)  was  the  first  who  accurately 
described  the  lacteals  of  the  mesentery  with   their   valves.      Pecquet  (1648)  discovered  the 
receptaculum   chyli;    Rudbeck   and   Thom.    Bartholinus   the    lymphatic   vessels    (1650-52); 
Eustachius  (1563)  was  acquainted  with  the  thoracic  duct,  which  Gassendus  (1654)  maintained 
that  he  was  the  first  to  see ;  Lister  noticed  that  the  chyle  became  blue  when  indigo  was  injected 
into  the  intestine  (1671) ;  Sdmmering  observed  the  separation  of  fibrin  when  lymph  coagulated ; 
Reoss  and  Emmert  discovered  the  Tymph-corpuscles.     The  chemical  investigations  date  from 
the  first  quarter  of  this  century;  they  were  carried  out  by  Lassaigne,  Tiedemann,  Gmelin,  and 
others.    The  two  last-named  observers  noticed  that  the  white  color  of  chyle  was  due  to  the 
presence  of  fatty  granules. 


26 
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206.  SOURCES  OF  HEAT.— The  heat  of  the  body  is  an  unintemipted 
evolution  of  kinetic  energy,  which  we  must  represent  to  ourselves  as  due  to 
vibrations  of  the  corporeal  atoms.     The  ultimate  source  of  the  heat  is  con- 
tained in  the  potential  energy  taken  into  the  body  with  the  food,  and  with  the 
O  of  the  air  absorbed  during  respiration.     The  amount  of  heat  formed  de- 
pends upon  the  amount  of  energy  liberated. 
The  energy  of  the  food-stuf!s  may  be  called  "  latent  heat,"  if  we  assume 
that  when  they  are  used  up  in  the 
body,  chiefly  by  a  process  of  com- 
bustion, kinetic  energy  is  liberated 
only  in  the  form   of  heat.     As  a 
matter  of  fact,  however,  mechanical 
energy  and  electrical  energy  are  de- 
g  veloped  from  the  potential  energy. 
*  In  order  to  obtain  a  unit-measure 
for  the  energy  liberated,  it  is  ad- 
visable to  express  all  the  potential 
energy  as  heat  units. 

Calorimeter. — This  instrument 
enables  us  to  transform  the  potential 
energy  of  the  food  into  heat,  and, 
at  the  same  time,  to  measure  the 
number  of  heat-units  produced. 

Favre  and  Sitbermuin  used   a  water- 
Calorimeter  (fig.  280).     The  substBBCe  lo 
be  burned  is  pliced  in  a  lai^e  cyliadiia: 
combust ion-chambcr  (K),  suspended  id  * 
laige  cylindrical  vessel  ( L)  filled  whb  intd 
(w),  so   thai  the  combust i on -dmmber  b 
completely  nuTonnded  by  the  water.  Three 
lub^openioto  the  upper  part  of  the  chun- 
ber;  one  of  (hem  (O)  supplies  the  air  wfakb 
i>   necessary   for    combosiioa,  it    reacbe^ 
almost  lo  the  bottom  ol  the  chmdjcr :  the 
second  (a)  is  fixed  in  the  middle  of  (be  lid. 
and  is  closed  at«ve  with  a  thick  gisss  pine. 
1  on  this  is  placed,  at  an  ai^lc,  a  small 
rror  (j),  wluch  enables  an  ohserra'  to 
ik  inio  the  chamber,  and  obserre  the  pto- 
jnly  when  cmnbustible  gasei  are  (o  he 
stop-cock.     A  lead  tnlie  l«,  r),  wih 
rough  the  water,  and  finally  opeitf  at 
at  through  this  lube,  and  in  doing  so  help  ID  hcai 
(be  water,     Tlie  cylindrical  vessel  with  the  water  is  closed  with  a  lid  which  (ransmils  the  (oar 
(ubes.     The  water-cylinder  Sands  on  four  feet  within  a  lai^e  cylinder  (M),  which  is  tilled  viik 
some  good  non-conductor  of  heal,  and  this  again  is  placid  in  a  large  vessel  filled  with  r,  ■ 
(W).    This  is  to  prevent  any  heat  reaching  the  inner  cylinder  from  without.     A  weighed  qnan 
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of  the  mbatuice  (A  to  be  inTotigated  is  placed  in  the  combustion'Chamber.  When  combiulioD 
]i  tided,  during  which  ihe  inner  water  musl  be  repeatedly  stirred,  the  lemperature  of  the  water 
is  »sceitained  by  means  of  a  delicate  Ihermometer.  If  the  increase  of  the  temperature  and  the 
iicouQi'or  water  are  known,  then  it  is  easy  to  calculate  Ihe  number  of  beat-units  produced  by 
the  combostiOD  of  a  known  weight  of  the  substance  (see  frttroduiliBn). 

The  ice-calorimeter  may  b1h>  be  used.  'I~he  inner  cylinder  is  filled  with  ice  and  not  with 
inuT,  and  ice  is  also  placed  in  the  outer  cylinder  to  prevent  any  heal  from  without  from  acting 
apoD  (he  ioner  ice.  The  heal  giveo 
of  from  Ibe  combustion  cbanibet 
ciiua  a  certain  amonnt  of  Ihe  ii^  lo 
melt,  and  ibe  waler  thereby  produced 
is  oillected  and  mcainred.  It  re. 
ifortt  79  hcBt-uoits  to  melt  I  gnn.  of 
>ce  10  I  gim.  of  water  al  0°  C. 

[The  amount  of  heal  produced  by  a 
livuig  animkl  is  similarly  meaiured. 
The  animal  (fig.  J8i),  in  a  cage,  \t 
placed  in  a  large  tascI,  which  is 
pland  within  another  veuel.ud  the 
later^iace  filled  with  water.  The 
wMe  should  be  enclosed  in  a  large  box 
packed  with  (or,  shavings,  feathers, 
or  other  bad  conductor  of  heat.  A 
tube,  D,  opent  into  the  inner  space, 
and  from  it  there  is  an  exit  tube,  D', 
irbich  windi  many  times  in  Ihe  water-  ' 
spiEe  bcnealb.    Aii  passes  in  through 

D  and  oat  by  ly.     The  lemperature  FlE-  z8l. 

of  the  water  is  ascertained  by  iher-  Water. calorimeter  of  Dalong. 

monieleTS  T  and  T',  while  the  waler 

is  mmed  by  a  stirrer  ^S)  placed  between  the  two.  In  Roaenlhara  calorimetBT,  one  cylinder, 
sirronnded  by  an  air-jacket,  is  placed  inside  another,  and  the  animal  is  placed  in  the  ioner  cyl- 

Just  as  in  a  calorimeter,  although  mu(k  more  slowly,  the  food-stuffs  within 
our  body  are  burned  up,  oxygen  being  supplieti,  and  tliua  potential  energy  is 
Iransformed  into  kinetic  energy,  which,  in  the  case  of  a  person  at  resl,  almost 
completely  appears  in  the  form  of  heat. 

Heat-Units- — Favre,  Silbermann,  Fmnkland,  Rechenberg,  B.  Danilewsky,  and  others  have 
made  caknimetric  experiments  on  the  beat  produced  by  find.  According  to  Danilewsky,  t 
emn  of  the  following  dry  substances  yields  heal. units; — 


C.«in,    . 

■5855 

T^lmitin,     . 

:ISi 

Cow's  milk. 

■  5733 

Maize,     .    . 

5188 

Fibrin,    . 

•  577a 

Oiein,      ,    . 

Woman's 

Alcohol,      . 

69S0 

Pepicoe, 

.4«76 

Stearin.   .    . 

■% 

milk,   .    . 

.4837 

Urea,  .    .    . 

2537 

Glmin.    . 

■  5493 

Ox.fat     .    . 

Egg-yelk,   . 

■4479 

Muscle 

Oi.Mood, 

.  5900 

Glycerin,     . 

■  4179 

Potatoes,     . 

-4234 

ExItactiTes 

-4400 

Oi.fleh, 

57^4 

Starch,    .    . 

■4479 

Rye-bread, 

.4471 

(Liebig-s) 

J 

'^ZS' 

Dextrose,    . 

.3939 

Wheal-bread 

43S« 

Flesh  extract 

3116 

.6^31 

Maltose,      . 

.4163 

Bice.   .    .    . 

.4S06 

33'8 

Gludn,    . 

.6T41 

Milk-sugar, 

.  4162 

Pea..   .    . 

.4889 

Butyric  acid. 

5647 

Legnmin,    . 

.  5573 

Canesugat, 

■4173 

Buckwheat, 

.4288 

Palmitic  acid 

93 '6 

As  albumin  is  only  oxidized  to  Ihe  stage  of  urea,  we  mvst  deduct  the  heat-units  obtaioable 
from  mVB  from  those  of  albumin,  and  as  I  put  of  albumin  yields  in  round  numbers  about  ^  of 
una,  we  obtain  about  510a  calories  {=^  zi  70  kilogram  metres)  for  I  grm.  of  albumin. 

laodynamic  foods,  I'.f.,  those  that  produce  an  equal  amount  of  heal;  103  grms.  animal 
albumin  (after  deducting  the  heat.units  of  urea)  ^  52  fat  ^  1 14  starch  ^  119  dextrose;  100 
grms.ratarT:  isodyoaTnic  with  243  dry  flesh  or  ais  of  dry  syntonln  (Rubntr);  100  gnns.  of 
Tcgelable  albumin  =  55  fat  =  121  starch  ^=  137  dextrose  (Damie^usfy).  Rubner  calculated 
that  in  man,  with  a  mixed  diet,  the  availabit  heal-unils  for  i  grm.  of  albumin  =  4I00;  I  gnn. 
fat  =  9300;  and  fur  t  grm.  carbohydrate  ^  4ICK1  calories. 

When  we  know  the  weight  of  any  of  the  above-named  substances  consumed 
by  a  man  in  twenty-four  hours,  a  simple  calculation  enables  us  to  determine 
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how  many  heat-units  are  formed  in  the  body  by  oxidation,  /'.  ^.,  provided  the 
substance  is  completely  oxidized. 

[Several  sources  of  heat-production  or  thermogenesis  are  to  be 
found  in  all  tissues  wherever  oxidation  is  going  on.  The  metabolism  of  proto- 
plasm is  always  associated  with  the  evolution  of  heat.] 

(i)  In  the  transformation  of  the  chemical  constituent  of  the  food ^  endowed  with 
a  large  amount  of  potential  energy  into  such  substances  as  have  little  or  no  energy. 
The  organic  substances  used  as  food  consist  of  C,  H,  O,  N,  so  that  there  takes 
place — {a)  Combustion  of  C  into  CO^,  of  H  into  HjO,  whereby  heat  is  pro- 
duced; I  grm.  C  burned  to  produce  COj  yields  8080  heat-units,  while  i  grm. 
H  oxidized  to  HjO  yields  34,460  heat-units.  The  O  necessary  for  these  par- 
poses  is  absorbed  during  respiration,  so  that,  to  a  certain  extent,  at  least,  the 
amount  of  heat  produced  may  be  estimated  from  the  amount  of  O  consamed. 
The  same  consumption  of  O  gives  rise  to  the  same  amount  of  heat  whether  it  is 
used  to  oxidize  H  or  C  {FflUger),  There  is  a  relation,  amounting  to  cause  and 
effect,  between  the  amount  of  heat  produced  in  the  body  and  the  O  consumed. 
The  cold-blooded  animals,  which  consume  little  O,  have  a  low  temperature ; 
amongst  warm-blooded  animals,  i  kilo,  of  a  living  rabbit  takes  up  within  an 
hour  0.914  grm.  O,  and  its  body  is  heated  to  a  mean  of  38°  C.  i  kilo^  of  a 
living  fowl  uses  1.186  grms.  O,  and  gives  a  mean  temperature  of  43.9°  C.  The 
amount  of  heat  produced  is  the  same  whether  the  combustion  occurs  slowly  ot 
quickly ;  the  rapidity  of  the  metabolism,  therefore,  affects  the  rapidity,  but  not 
the  absolute  amount  of  heat-production.  The  combustion  of  inorganic  sub- 
stances in  the  body,  e.g,,  of  the  sulphur  into  sulphuric  acid,  the  phosphorus 
into  phosphoric  acid,  is  another,  although  very  small,  source  of  heat. 

[The  muscles  form  about  the  half  of  the  whole  mass  of  the  body  and  the 
bones  nearly  the  other  half.  In  the  latter,  oxidation  does  not  go  on  actively, 
so  that  the  muscles  must  be  the  great  seats  of  heat-production  or  thermogenesis 
in  the  body.  This  view  is  supported  by  the  fact  that  the  blood  leaving  a 
muscle  at  rest  contains  more  CO2  than  the  blood  in  the  right  ventricle.  Mus- 
cular exercise  greatly  increases  the  metabolism  and  the  CO,  excreted  (§  126), 
but  at  the  same  time,  there  is  a  great  increase  in  heat-production.  The  rouscks, 
therefore,  are  the  great  thermogenic  tissues,  and  they  yield  |^ths  of  the  heat  in 
health.  The  several  secreting  glands,  especially  the  liver  and  the  alimentary 
canal,  during  digestion,  are  also  foci  of  heat- formation.] 

(^b)  In  addition  to  the  processes  of  combustion  or  oxidation,  all  those  chemi- 
cal processes  in  our  body,  by  which  the  amount  of  the  available  potential 
energy  which  is  present  is  diminished,  in  consequence  of  a  greater  satisfaction 
of  atomic  affinities,  lead  to  the  production  of  heat.  In  all  cases  where  the 
atoms  assume  more  stable  positions  with  their  affinities  satisfied,  chemical 
energy  passes  into  kinetic  thermal  energy,  as  in  the  alcoholic  fermentation  of 
grape-sugar,  and  other  similar  processes. 

Heat  is  also  developed  during  the  following  chemical  processes:  — 

(a)  During  the  union  of  bases  with  acids.  The  nature  of  the  base  determines  the  amoant  of 
heat  produced,  while  the  nature  of  the  acid  is  without  effect.  Only  in  those  cases  where  the  acid, 
^.  g.y  CO,,  is  unable  to  neutralize  the  alkaline  reaction,  the  amount  of  heat  produced  is  less. 
The  formation  of  compounds  of  chlorine  (e.g.y  in  the  stomach)  produces  beat 

[(i)  When  a  neutral  salt  is  changed  into  a  basic  one.  In  the  blood  the  sulphuric  aad  phos- 
phoric acids  derived  from  the  combustion  of  S  and  P  are  imited  with  the  alkalies  of  the  tdood 
to  form  basic  salts.  The  decomposition  of  the  carbonates  of  the  blood  by  lactic  and  i^iospboik 
acids  form  a  double  source  of  heat,  on  the  one  hand,  by  the  formation  of  a  new  salt,  and,OD  the 
other,  by  the  liberation  of  CO,,  which  is  partly  absorbed  by  the  blood. 

(y)  The  combination  of  hjem<^lobin  with  O  (§  36). 

During  those  chemical  processes,  whereby  the  heat  of  the  body  is  produced, 
heat-absorbing  intermediate  compounds  are  not  unfrequently  formed.    Thus,  in 
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order  that  the  final  stage  of  more  complete  saturation  of  the  af&nities  be  reached , 
intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat  is  also 
absorbed  when  the  solid  aggregate  condition  is  changed  during  retrogressive 
processes.  But  these  intermediary  processes,  whereby  heat  is  lost,  are  very 
small  compared  with  the  amount  of  heat  liberated  when  the  end-products  are 
formed. 

(2)  Certain  physical  processes  are  also  a  source  of  heat. — (<z)  The  trans- 
formation of  the  kinetic  mechanical  energy  of  internal  organs,  when  the 
work  done  is  not  transferred  outside  the  body,  produces  heat.  Thus  the  whole 
of  the  kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the  resistance 
opposed  to  the  blood-stream  (§  93).  The  same  is  true  of  the  mechanical  energy 
evolved  by  many  muscular  viscera.  The  torsion  of  the  costal  cartilages,  the 
friction  of  the  current  of  air  in  the  respiratory  organs,  and  the  ingesta  in  the 
digestive  tract,  all  yield  heat. 

An  excessively  minute  amount  of  the  mechanical  energy  of  the  heart  is  transferred  to  sur- 
rounding bodies  by  the  cardiac  impulse  and  the  superficial  pulse-beats,  but  this  is  infinitesimally 
small.  During  respiration,  when  the  respiratory  gases  and  other  substances  are  expired,  a  very 
snail  amount  of  energy  disappears  externally,  which  does  not  become  changed  into  heat.  If 
we  assame  that  the  daily  work  of  the  circulation  exceeds  86,000  kilogram-metres,  the  heat 
evolved  is  equal  to  204,000  calories  in  twenty-four  hours  (}  93),  which  is  sufficient  to  raise  the 
temperature  of  a  person  of  medium  size  2^  C. 

(p)  When,  owing  to  muscular  activity,  the  body  produces  work  which  is 
transferred  to  external  objects,  e,  g.y  when  a  man  ascends  a  tower  or  mountain, 
or  throws  a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heat, 
owing  to  friction  of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as 
to  the  shock  and  pressure  of  the  ends  of  the  bones  against  each  other. 

{/)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
probably  are  changed  into  heat.  The  chemical  processes  which  produce  heat 
evolve  electricity,  which  is  also  changed  into  heat.  This  source  of  heat,  how- 
ever, is  very  small, 

(i/)  Other  processes  are  the  formation  of  heat  from  the  absorption  of  CO^,  by  the  concentration 
of  vHiier  as  it  passes  through  membranes,  in  imbibition^  and  the  formation  of  the  solids^  t.g,^  of 
chalk  in  the  bones.  After  death,  and  in  some  pathological  processes  during  life,  the  coagulation 
of  blcod  and  the  production  of  rigor  mortis  are  sources  of  heat. 

207.  HOMOIOTHERMAL  AND  POIKILOTHERMAL  ANI- 
MALS.— ^In  place  of  the  old  classification  of  animals  into  *'  cold-blooded  " 
and  ^' iTirann-blooded,"  another  basis  of  classification  seems  desirable,  viz., 
the  relation  of  the  temperature  of  the  body  to  the  temperature  of  the  surround- 
ing medium.  Bergmann  introduced  the  word  homoiothermal  for  the  warm- 
blooded animals  (mammals  and  birds),  because  these  animals  can  maintain  a 
very  uniform  temperature,  even  although  the  surrounding  temperature  be  subject 
to  considerable  variations.  The  so-called  cold-blooded  animals  are  called 
poikilothermal,  because  the  temperature  of  their  bodies  rises  or  falls,  within 
wide  limits,  with  the  heat  of  the  surrounding  medium. 

When  homoiothermal  animals  are  kept  for  a  long  time  in  a  cold  medium, 
their  heat -production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a 
warm  medium  it  is  diminished. 

Fordyce  gave  a  proof  of  the  nearly  uniform  temperature  in  man.  A  man  remained  ten 
minutes  in  an  oven  containing  very  dry  hot  air  {\  218),  and  yet  the  temperature  of  the  palm 
of  bis  hand,  mouth,  and  urine  was  increased  only  a  few  tenths  of  a  degree.  Becquerel  and 
Brccbet  investigated  the  temperature  of  the  human  biceps  (by  means  of  thermo-electric 
needles),  when  the  arm  has  been  one  hour  in  iced  water,  and  yet  the  temperature  of  the 
muscular  tissue  was  cooled  only  0.2°  C.  The  same  muscle  did  not  undergo  any  increase  in 
temperature,  or  at  most  0.2^  C,  when  the  man's  arm  was  placed  for  a  quarter  of  an  hour  in 
water  at  42**  C. 
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If  heat  be  rapidly  abstracted  (§  225)  or  rapidly  supplied  (§  221)  to  the  body, 
so  as  to  produce  rapid  variation  of  the  temperature,  life  is  endangered. 

Poikilothermal  animals  behave  very  differently;  the  temperature  of  their 
bodies  generally  follows,  although  with  considerable  variations,  the  temperature 
of  the  surroundings.  When  the  temperature  of  the  surroundings  is  increased, 
the  amount  of  heat  produced  is  increased,  and  when  the  surrounding  tempera- 
ture falls,  the  amount  of  heat  evolved  within  the  body  also  falls. 

The  following  table  shows  very  clearly  the  characters  of  poikilothermal  animals,  e.g.^  frogs 
which  were  placed  in  air  and  water  of  varying  temperatures.  They  were  immersed  op  to  tic 
mouth.  The  temperature  was  measured  by  means  of  a  thermometer  introduced  throogh  (he 
mouth  into  the  stomach. 


In  Water. 

In  Air. 

Temperature  of  the 
Water. 

Temperature  of  Frog's 
Stomach. 

Temperature  of  the 
Air. 

Temperature  of  Fiog't  . 
Stomach.           ' 

41. 0®  C. 

30.0 

20.6 

5-9 
2.8 

38.00  C. 
29.6 
20.7 
8.0 

5.3 

1 

40.4**  c. 

27.4 

164 

6.2 

5-9 

31.7°  c     1 
197 

14.6 

7.6 

8.6 

1 

[Temperature  of  Different  Animals. 


Birds. 


Temp. 
40.30 

4aSo 


Th&lassidroma,  .  . 
Procellaria,  .  .  . 
Goose, 4i>7o 

Sparrow,     ....    |39.,^ 

Pigeon,     .    .    .  41. 80-42.50 

Turkey, 42.70 

Guinea-fowl,   ....  43.90 

U3-90 

142.50 

41.17 


Duck, 
Crow, 


Temp. 

Swallow, 44-03 

Gull,    .......  37.8 

Mammals. 
Tiger,  .......  37.20 

Horse, ....  36.80-37.50 

Rat,      38.80 

Hare, 37»^ 

Cat, 38-30-38.90 

Guinea-pig,     ....  38.80 

(37-40 

Dog, A  39.00 

(  39.60 


TcBp. 

Panther, 38.90 

Mouse, 41 1 

Dolphin, 35.5 

r  37.30-4000 


Sheep,     .    . 

Ape,     .    . 
Guinea-pig, 
Rabbit,     . 
Ox,  .    .    . 
Ass,  . 


\  39.50^<» 
(40.00-4050 

•  .  .  .3S50 
.  35-7^3S-<» 

•  37.5o-3««> 
.   .   .  .3750 

.  36  95 


(  Gavarret  &*  Rosenthal).'] 


Reptiles — Snakes,  10®- 12®,  but  higher  when  incubating.  Amphibians  and  Juhes—o,$°-f 
above  the  temperature  of  the  surroundings.  Arthropoda — 0.1^-5.8^  above  the  surroondiDgs. 
Bees  in  a  hive,  30°-32®,  and  when  swarmmg,  40®.  The  following  animals  have  a  tempcrStut 
higher  than  the  surrounding  temperature: — Cephalopods,  0.57^;  molluscs,  0.46^;  echinoderms, 
0.40**;  medusse,  0.27**;  polyps,  0.21®  C. 

ao8.  ESTIMATION  OF  TEMPERATURE.— By  using  thermometric  apparatus,  wc 
are  enabled  to  obtain  information  regarding  the  degree  of  heat  of  the  body  to  be  investigated 
For  this  purpose  the  following  methods  are  employed : — 

A.  The  Thermometer. — Celsius  (i  701-1744)  divided  his  thermometer  into  100  parts,  aod 
each  part  was  again  divided  into  10  parts,  so  that  ^^  C.  could  be  easily  read  off.  All  thenso- 
meters  which  have  been  used  for  a  long  time  give  too  high  readings,  hence  they  should  be  com- 
pared, from  time  to  time,  with  a  normal  thermometer.  When  taking  the  temperature,  the  bulb 
ought  to  be  surrounded  for  fifteen  minutes,  and  during  the  last  five  minutes  the  mercury  cohuno 
ought  not  to  vary.  A  very  sensitive  thermometer  will  indicate  the  temj>erature  after  sevea 
seconds  if  the  urine  stream  be  directed  upon  its  bulb.  Minimal  and  maximal  thermometcfs 
are  often  of  use  to  the  physician. 

[Clinically,  one  of  the  thermometers  shown  in  fig.  282  may  be  used.  They  are  self-registerios 
maximum  thermometers,  {.  e.^  a  portion  of  the  mercury  is  separated  from  the  mercurial  colaina, 
to  form  the  index,  the  top  of  which  indicates  the  temperature.  Before  being  used,  the  iadex 
must  be  well  below  the  normal  temperature.  Various  forms  of  surface  thermometers  have  bees 
used.] 

Walferdin's  metastatic  thermometer  (fig.  283)  is  specially  useful  for  comparative  observatioo. 
The  tube  is  very  narrow  in  comparison  with  the  bulb,  and  in  order  that  the  stem  be  not  too 
long,  it  is  constructed  so  that  the  amount  of  mercury  can  be  varied.     A  quantity  of  mexcnry  \& 
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407 


wuh  the  tenpenuarc  expected  the  thre«]  of  tacKvrj  will  itand  about  ibe  middle 
of  the  stem.     A  small 

-ji.rip.ii >,  bulb  at  the  upper  part 

_yol  the  stem  receives 
the  excess  of  Hg. 
Sappoae    a     tempera- 


TmFSs 


FiE.  282. 
,  Caaella'i    "infallible,"    B,  "Ferris'    perfect,"    and    C,   Evans'    and    Wonnull's 

"Aaodard"  clinical  Ibeimometers. 
m  between  37°-40°  C  is  to  be  measored,  the  bulb  ii  first  heated  a  little  over  40° 
.,  it  ia  theo  suddenlr  cooled,  ud  shaken  at  the  sun*  time,  so  that  the  thread  of 
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mercury  is  thereby  suddenly  broken  above  40**.,  The  tube  is  so  narrow  that  i**  C  is  equal  to 
about  10  centimetres  of  the  length  of  the  tube,  so  that  yj^f®  C.  is  still  I  millimetre  in  length. 
The  scale  is  divided  empirically,  but  the  value  of  the  divisions  must  be  compared  with  a  DonDil 
thermometer. 

Kronecker  and  Meyer  used  very  small  maximal  **  outflow  thermometers,"  and  caused  them 
to  pass  through  the  intestinal  canal,  or  through  large  blood-vessels.  The  mercury  flows  out  of 
the  short  open  tube,  and  of  course  more  flows  out  the  higher  the  temperature.  After  these  small 
bulbs  have  passed  through  the  animal,  a  comparison  is  instituted  with  a  normal  thermometer,  to 
determine  at  what  temperature  the  mercury  reaches  the  free  margin  of  the  tube. 

B.  Thermo-electric  Method. — This  method  enables  us  to  determine  the  temp>erature  accur- 
ately and  rapidly  (fig.  284, 1).  The  thermo-electric  galvanometer  of  Meissner  and  Meyer- 
stein  consists  of  a  circular  magnet  (m),  suspended  by  a  thread  of  silk  (r),  to  which  a  small  mir- 
ror (S)  is  attached.  A  large  stationary  bar  magnet  (M)  is  placed  near  the  magnet  (m),  so  that 
the  north  poles  {n  and  N)  of  both  magnets  point  in  the  same  direction,  and  it  is  so  arranged 
that  the  suspended  magnet  is  caused  to  point  to  the  north  by  a  minimal  action  of  M.  A  tl^ 
copper  wire  (^,  d)  is  coiled  several  times  round  m  (although  in  the  tig.  it  is  represented  as  a 
single  coil),  and  the  ends  of  the  wire  are  soldered  to  two  thermo-elements,  each  composed  of 
two  diflerent  metals — iron  and  German  silver,  the  two  similar  free  elements  being  united  by  a  wire 
(^1),  so  that  the  two  thermo-elements  form  part  of  a  closed  circuit.  A  horizontal  scale  (K,  K) 
is  placed  at  a  distance  of  3  metres  from  the  mirror,  so  that  the  divisions  of  the  scale  are  seen  io 
the  mirror.  The  scale  itself  rests  upon  a  telescope  (F)  directed  towards  the  mirror.  The 
observer  (B),  who  looks  through  the  telescope,  can  see  the  divisions  of  the  scale  in  the  mirror. 
When  the  magnet,  and  with  it  the  mirror,  swing  out  of  the  magnetic  meridian,  the  observer 
notices  other  divisions  of  the  scale  in  the  mirror.  When  one  of  the  thermo-elements  is  heated, 
an  electrical  current  is  produced,  which  passes  from  the  iron  to  the  German  silver  in  the  heated 
couple,  and  causes  a  deviation  of  the  suspended  magnet.  Suppose  a  person  were  swimmii^  in 
the  direction  of  the  current  in  the  conducting  wire,  then  the  north  p>ole  of  the  magnet  moves  to 
the  north  {Ampire).  The  tangent  of  the  angle  0,  through  which  the  freely  movable  magnet  is 
diverted  by  a  galvanic  current,  from  its  position  of  rest  or  zero,  in  the  magnetic  meridian,  is  the 

same  as  the  galvanic  stream ;  G  is  proportional  to  the  magnetic  energy  D,  i.e.^  tang.  ^  = —  * 

If  G  is  to  remain  the  same,  and  the  tang.  ^  to  be  as  lai^e  as  possible,  the  magnetic  energy  most 
be  diminished  as  much  as  possible.  If  the  magnetism  of  the  suspended  magnet  be  indicated  by 
m,  and  that  of  the  earth  by  T,  the  magnetic  directing  energy  D  =  Tm,  so  that  D  can  be  dis- 
tinguished in  two  ways:  (i)  by  diminishing  the  magnetic  moment  of  the  suspended  magnet,  as 
may  be  done  by  using  a  pair  of  astatic  needles,  such  as  are  used  in  Nobili's  galvanometer;  (2) 
and  also  by  weakening  the  magnetism  of  the  earth,  by  placing  an  accessory  stationary  magnet 
(Hauy's  rod)  in  the  same  direction,  and  near  the  suspended  magnet.  An  important  arrange- 
ment for  rapidly  getting  the  magnet  to  zero  is  the  dead-beat  arrangement  of  Gauss  (not  figured 
in  the  scheme).  It  consists  of  a  thick  copper  cylinder,  on  which  the  wire  of  the  coil  is  wound. 
This  mass  of  copper  may  be  regarded  as  a  closed  multiplicator  with  a  very  large  transverse  sec- 
tion. The  vibrating  magnet  induces  in  this  closed  circuit  a  current  of  electricity,  whose  inten- 
sity is  greatest  when  the  velocity  of  the  excursion  of  the  magnet  is  greatest,  and  which  takes 
the  opposite  direction  as  soon  as  the  magnet  returns  towards  zero.  These  induced  currents 
cause  a  diminution  of  the  vibrations  of  the  magnet  in  this  way,  that  the  arc  of  vibration  of  the 
magnet  diminishes  very  rapidly,  almost  in  a  geometrical  progression.  The  induced  damping- 
current  is  stronger,  the  less  the  resistance  in  the  closed  circuit,  and  in  the  damper  or  dead-beat 
arrangement  itself,  the  greater  the  section  of  the  copper  ring.  This  damping  arrangement  limits 
the  oscillations  of  the  magnet,  and  it  comes  to  rest  rapidly  and  promptly  after  3  or  4  small 
vibrations,  so  that  much  time  is  saved.  The  angle  of  deviation  is  so  small  that  the  angle  itself 
may  be  taken  instead  of  the  tangent. 

The  thermo-electric  needles  of  Dutrochet  (fig.  284,  II)  may  be  placed  in  the  circuit.  They 
consist  of  iron  and  German  silver  soldered  at  tneir  points;  or  the  needles  of  Becquerel  (III'i 
may  be  used.  They  consist  of  the  same  metals  soldered  in  a  straight  line,  one  behind  the  other. 
The  needles  must  always  be  covered  by  a  varnish,  which  will  prevent  the  parenchymatous  juices 
from  acting  upon  them,  and  so  causing  a  current.  Before  the  experiment  we  must  determine 
what  extent  of  excursion  on  the  scale  is  obtained  with  a  certain  temperature.  In  order  to 
determine  this,  a  delicate  thermometer  is  fixed  to  each  of  the  thermo-couples,  and  both  axe 
placed  in  oil  baths,  which  differ  in  temperature— say  by  i**  C. — as  can  be  determined  by  the 
thermometer.  When  the  current  is  closed,  the  excursion  on  the  scale  will  indicate  I®  C.  Sup- 
pose that  the  excursion  was  150  mm.,  then  each  mm.  of  the  scale  would  be  equal  to  ^^^  C- 
When  this  is  determined,  the  two  thermo-needles  may  be  placed  in  the  different  tissues  oc 
organs  of  animals,  and,  of  course,  we  obtain  the  difference  of  temperature  in  these  places.  Or 
one  thermo-couple  may  be  placed  in  a  bath  of  constant  temperature  (nearly  that  of  the  body), 
in  which  is  placed  a  delicate  thermometer,  while  the  other  needle  is  introduced  into  the  organ 
to  be  investigated.     In  this  case  we  obtain  the  difference  of  temperature  between  the  tissue  and 
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the  source  of  the  constant  heat.  The  electric  current  passes  in  the  warmer  needle  from  the  iron 
to  the  German  silver,  and  thus  through  the  wires  of  the  apparatus.  For  small  differences  of 
temperature,  such  as  occur  in  the  body,  the  thermo-electric  energy  is  always  proportional  to  the 
difference  of  temperature  of  the  two  needles  or  couples.  In  place  of  a  single  pair  of  needles 
several  may  be  used,  whereby  the  sensitiveness  of  the  apparatus  is  greatly  increased.  Helmholtz 
found  that  by  using  sixteen  antimony- bismuth  couples,  he  could  detect  an  increase  of  f^(fjf°  C. 
Schiffer  prepared  a  simple  thermopilcjflV)  by  soldering  together  alternately  four  pairs  of  wires 
of  iron  (/)  and  German  silver  (ay  Tnese  are  placed  in  the  two  organs  (A  and  B)  which  are  to  be 
investigated,  whereby  a  very  hign  degree  of  exactness  is  obtained. 

209.  TEMPERATURE  TOPOGRAPHY.— Although  the  blood,  in 
virtue  of  its  continual  motion  (completing,  as  it  does,  the  circulation  in  twenty- 
three  seconds),  must  exercise  a  very  considerable  influence  on  the  equilibration 
of  the  temperature  in  different  organs,  nevertheless,  a  completely  uniform  tem- 
perature does  not  exist,  and  the  temperature  varies  in  different  parts : — 


I.  Skin  (y.  Davy), 

Middle  of  the  5ole  of  the  foot,  32.26*^  C. 

Near  tendo-Achillis,    .    .    .  33.85 

Anterior  surface  of  leg,    .    .  33.05 

Middle  of  calf, 33.85 

Bend  of  knee,  .....  35.00 


Middle  of  upper  arm,    ....  35.40®  C. 

Inguinal  fold, 35 '80 

Near  cardiac  impulse,     ....  34.40 

Face, 31.00 

Nose  and  tip  of  ear, 22.24 


In  the  closed  axilla,  3649  (mean,  of  505  individuals) ; — 36.5  to  37.25  ( Wunderlich) ; — 36.89® 
C.  (Liebemteister),    The  skin  over  muscles  is  warmer  than  that  over  bone  (Kunkel\ 

The  temperature  of  the  skin  of  the  head  is  higher  in  the  forehead  and  parietal  region  than  in 
the  occipital  r^ion ;  the  skin  on  the  left  side  of  the  head  is  warmer  than  on  the  right.  Dyspnoea 
increases  the  temperature  of  the  skin. 

Method. — Debermeister  determines  the  temperature  of  free  cutaneous  surfaces  thus :  The 
bulb  of  the  thermometer  is  heated  slightly  above  the  temperature  expected;  after  the  mercury 
b^ns  to  fall,  the  bulb  is  placed  on  the  skin,  and  if  the  bulb  has  the  same  temperature  as  the 
skioy  the  mercury  remains  stationary.    This  experiment  must  be  repeated  several  times. 

2.  Cavities. 

Mouth  under  the  tongue, .    .    3719°  C.  Vagina, 38.30»C. 

Rectum 38.01         )        Urine, 37«03 

Uterine  cavity  somewhat  warmer;  cervical  canal  of  the  uterus  somewhat  cooler. 

The  temperature  falls  in  the  stomach  during  digestion  (§  t66,  i).  Cold  in- 
jections (11°  C.)  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach 
I*'  C.  {Wtniemitz), 

3.  The  temperature  of  the  blood  is,  as  a  mean,  39°  C.  The  venous 
blood  in  internal  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  pe- 
ripheral parts : — 

BUxkI  of  the  right  heart, 38.8®  !  Blood  of  the  superior  vena  cava,     .    36.78® 

*•          left  heart, 38.6  "  inferior  vena  cava,     .    38.11 

"          aorta, 38.7  '  "            crural  vein,     ....    37.20 

"          hepatic  vein, 39.7  ;  (CI.  Bernard  and  v,  Liebig.) 

The  lower  temperature  of  the  blood  in  the  left  heart  may  be  explained  by  the  blood  becom- 
ing cooled  in  its  passage  through  the  lungs  during  respiration.     According  to  Heidenhain  and 
Kdmer,  the  right  heart  is  slightly  warmer  because  it  lies  in  relation  with  the  warm  liver,  whilst 
the  left  heart  is  surrounded  by  the  lung,  which  contains  air.     This  observation  is  disputed  by 
others,  who  say  that  the  left  heart  b  slightly  warmer  because  the  combustion-processes  are  more 
active  in  arterial  blood,  and  beat  is  evolved  during  the  formation  of  oxyhaemoglobin.     The  blood 
in  the  veins  is  usually  cooler  than  in  the  corresponding  arteries,  owing  to  the  superficial  position 
of  the  former,  whereby  they  give  off  heat  during  their  long  course  ;  thus  the  blo<>d  of  the  jugular 
vrin  is  ^  to  2®  C.  lower  than  the  blood  in  the  carotid ;  the  crural  vein  ^  to  I®  cooler  than  in 
the  crural  artery.    Superficial  veins,  more  especially  those  of  the  skin,  give  off  much  heat, 
and  their  blood  is,  therefore,  somewhat  cooler.     The  wannest  blood  is  that  of  the  hepatic  vein 
39.7®  C,  partly  owing  to  the  great  chemical  changes  which  occur  within  the  liver,  from  its  secre- 
tory activity  (J  210,  a),  and  partly  to  its  protected  situation. 

4^  The  individual  tissues  are  warmer :  (i)  the  greater  the  transformation  of 
kinetic  energy  into  heat,  /.  ^.,  the  greater  the  tissue-metabolism;  (2)  the  more 
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blood  they  contain  ;  (3)  and  the  more  protected  their  situation.     According 
to  Heidenhain  and  Korner,  the  cerebrum  is  the  warmest  organ  of  the  body. 


Subcutaneous  tissue  (sheep),   .  37.35°  C. 

Braiiii 40.25 

Liver, 41-25 

Lungs, 41.40 


Rectum, 40.67**  C 

Right  heart,      41.60 

Left  heart, 4090 


Becquerel  and  Brechet  found  the  temperature  of  the  human  subcutaneous  tiasne  to  be  2.1*  C. 
lower  than  that  of  the  neighboring  muscles.  The  homy  tissues  do  not  produce  beat,  and  their 
low  temperature  is  due  to  the  conduction  of  heat  from  the  parts  on  which  they  grow.  The  ten- 
perature  of  the  cornea  partly  depends  on  that  of  the  iris,  and  the  more  contracted  the  popil  is, 
the  more  heat  it  receives  from  the  blood-vessels  of  the  iris. 

210.  CONDITIONS  AFFECTING  THE  TEMPERATURE  OF 
ORGANS. — The  temperature  of  the  individual  organs  is  by  no  means  con- 
stant ;  it  is  influenced  by  many  conditions ;  amongst  these  are  the  following:— 

(i)  Tk^  more  heat  produced  independently  within  a  party  the  higher  is  its 
temperature.  As  the  amount  of  heat  produced  within  a  part  depends  upon  its 
metabolism,  therefore  when  the  metabolism  b  increased,  the  amount  of  heat 
produced  is  similarly  increased. 

(a)  Glands  produce  more  heat  during  the  act  of  secretion,  as  is  proved  bj 
the  higher  temperature  of  their  secretion,  or  by  the  higher  temperature  of  the 
venous  blood  flowing  out  of  their  veins. 

Ludwig  found  that  when  he  stimulated  the  chorda  tympani,  the  saliva  of  the  sobmazillaiy 
gland  was  1.5^  C.  warmer  than  the  blood  in  the  carotid,  which  supplied  the  gland  with  blood 
(p.  255).  The  blood  in  the  renal  vein  in  a  kidney  which  is  secreting  is  warmer  than  the  blood 
in  the  renal  artery.  The  secreting  liver  produces  much  heat  {\  178).  CL  Bernard  investigated 
the  temperature  of  the  blood  of  the  portal  and  hepatic  veins  during  hunger,  at  the  bcginni^ 
of  digestion,  and  when  digestion  was  most  active,  and  he  found : — 


Temperature  of  portal  vein,    . 
**  hepatic  vein,  . 

Temperature  of  portal  vein,    . 

**  hepatic  vein,  . 

Temperature  of  portal  vein,    . 

"  hepatic  vein,  . 


37.8^ 
384 

39.9 
39.5 
39.7 
41.3 


} 

} 

} 


Afiir  4  days' 
starvation. 

Beginning  of 

digestion. 
Digestion  most 

active. 


} 
{ 


Blood  of  right  beait 
38.80 
(Hunger  period) 


Blood  of  T^fat  bean, 
during  digestion,  59^. 


In  the  dog  a  moderate  diet,  chemical  or  mechanical  stimulation  of  the  gastric  nmoons 
brane,  or  even  the  sight  of  food,  raises  the  temperature  in  the  stomach  and  intestine. 

(^)  When  the  muscles  contract,  they  evolve  heat.  Davy  found  that  as 
active  muscle  became  o.  7**  C.  warmer ;  while  Becquerel,  by  means  of  a  therroo- 
galvanometer,  found  that  human  muscles,  when  kept  contracted  for  five  mio- 
utes,  became  1°  C.  warmer  (§  302). 

This  is  one  of  the  reaaom  why  die  temperature  may  rise  above  40^  during  rapid  running.  A 
temperature  obtained  by  enei^etic  muscular  aaion  usually  does  not  fall  to  the  normml  ai^]  after 
resting  for  i^  hour.  The  low  temperature  of  paralyzed  limbs  depends  partly  upon  the  ^iseBce 
of  the  muscular  contractions. 

{c)  With  regard  to  the  effect  of  sensory  nerves  upon  the  temperature, 
some  of  the  chief  points  to  ascertain  are — whether  the  circulation  is  accelented 
or  retarded  by  their  stimulation,  or  whether  the  respiration  is  increased  or  di- 
minished (§  214,  II,  3),  and  whether  the  muscles  of  the  skeleton  are  relaxed  or 
contracted  reflexly  (§  214,  I,  3).  In  the  former  case  the  temperature  of  tfcc 
interior  of  the  body  and  rectum  is  increased  ;  in  the  latter  diminished. 

(//)  The  temperature  of  the  body  rises  during  mental  exertion.  Davy 
observed  an  increase  of  0.3°  C.  after  vigorous  mental  exertion. 

(^)  The  parenchymatous  fluids,  serous  fluids,  and  lymph  produce  little  heat, 
owing  to  their  feeble  metabolism,  hence  they  have  the  same  temperature  as  their 
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surroundings ;  the  epidermal  and  horny  tissues  do  not  produce  heat,  they  merely 
conduct  it  from  subjacent  structures. 

(2)  The  temperature  depends^  to  a  large  extent^  upon  the  amount  of  blood 
in  an  organ,  and  also  upon  the  rapidity  with  which  the  blood  is  renewed  by  the 
circulation.  This  is  best  observed  in  the  difference  of  the  temperature  between 
a  cold,  pale,  bloodless  hand,  and  a  warm,  red  congested  one. 

Becquerel  and  Brechet  found  that  the  temperature  of  the  human  biceps  fell  several  tenths  of  a 
degree  when  the  axillary  artery  was  compressed.  Ligature  of  the  crural  artery  and  vein  in  a  dog 
causes  a  fall  of  several  degrees.  If  the  extremities  l^  kept  suspended  in  the  air,  they  become 
bloodless  and  cold. 

Liebermeister  has  pointed  out  a  difference  with  regard  to  the  external  and  internal  parts  of  the 
body.  The  external  parts  give  off  more  heat  than  they  prodnce,  so  that  they  become  cooler  the 
more  slowly  new  blood  flows  into  them,  and  warmer  the  greater  the  rapidity  of  the  blood-stream 
through  them.  Acceleration  of  the  blood-stream,  therefore,  causes  the  temperature  of  peripheral 
parts  to  approximate  more  and  more  to  the  temperature  of  internal  organs,  while  retardation  of 
the  blood-stream  causes  them  to  approach  the  temperature  of  the  surrounding  medium.  Exactly 
the  reverse  is  the  case  with  internal  parts,  where  a  large  amount  of  heat  is  produced,  and  heat 
is  given  up  almost  alone  to  the  blood  which  flows  through  them.  Their  temperature  must  fall 
when  the  blood-stream  through  them  is  accelerated,  and  it  is  raised  when  the  blood -stream  is 
retarded.  Hence  it  follows  that  ^^  greater  the  difference  of  the  temperature  between  peripheral 
and  internal  parts,  the  slower  must  be  the  velocity  of  the  circulation, 

(3)  If  the  position  or  other  condition  of  an  organ  be  such  as  to  cause  it  to 
give  off  heat  by  conduction  or  radiation,  then  its  temperature /^//r. 

A  good  example  of  this  is  the  skin,  which  varies  greatly  in  temperature  according  to  the 
temperature  of  the  surrounding  medium,  whether  it  is  covered  or  uncovered,  whether  it  is  dry 
or  moist  with  sweat  (which  abstracts  heat  when  it  evaporates).  When  much  cold  fx>d  or  drink 
is  taken,  the  stomaiih  is  cooled^  and  when  ice-cold  air  is  breathed,  the  respiratory  passages 
as  far  as  the  bronchi  are  cooled. 

211.  ESTIMATION  OF  HEAT.— Calorimetry  is  the  method  of 
determining  the  amount  of  heat  possessed  by  any  body,  or  what  amount  of  heat 
it  is  capable  of. producing.  The  unit  of  measurement  is  the  **  heat-unit," 
or  •*  calorie,"  /.  ^.,  the  amount  of  heat  (or  potential  energy)  required  to  raise 
the  temperature  of  i  gram  of  water  i**  C.  (see  Introduction^  This  is  some- 
times called  the  small  caloric. 

Experiment  has  shown  that  equal  quantities  of  different  substances  require  very  unequal 
amounts  of  heat  to  raise  them  to  the  same  temperature,  e.  g.,  I  kilo,  water  requires  nine  times  as 
much  heat  as  1  kilo,  iron  to  raise  it  to  the  same  temperature.  In  the  human  body,  therefore, 
which  is  composed  of  very  different  substances,  unequal  amounts  of  heat  will  be  required  to 
raise  them  all  to  the  same  temperature.  The  same  amount  of  heat  transferred  to  two  different 
substances  will  raise  them  to  different  temperatures.  Hence,  bodies  of  different  temperatures 
may  contain  equal  amounts  of  heat.  The  amount  of  heat  required  to  raise  a  definite  quantity 
{e.  g.,  I  grm.)  of  a  substance  to  a  certain  higher  degree  (e.^.,  i^  C.)  is  called"  specific  heat." 
The  speci6c  heat  of  water  (which  of  all  b^ies  has  the  highest  specific  heat)  is  taken  as  =  x. 
By  "  heat-capacity  "  is  meant  that  property  of  bodies  in  virtue  of  which  they  must  absorb  a 
given  amount  of  heat  in  order  to  have  a  certain  temperature. 

Calorimetry  is  employed : — i.  To  determine  the  specific  heat  of  the  different 
organs  of  the  body, — Only  a  few  observations  have  been  made.  The  mean 
specific  heat  of  the  following  animal  parts  (water  =  i)  is  : — 


Human  blood  =  1.02  (?) 

Arterial  blood  ==  1.031  (?) 

Venous  blood  =  0.892  (?) 

Cow's  mUk  =  0.992 


Human  muscle  =  0.741 

Ox  muscle  =  0.787 

Compact  bone  =  0.3 

Spongy  bone  =  0.71 


Fat  tissue  =    0.712 

Striped  muscle  =z=    0.825 

Defibrinated  blood    =    0.927 

(y.  Rosenthal.) 


The  specific  heat  of  the  human  body,  as  a  whole,  is  about  that  of  an  equal 
volume  of  water. 

Kopp's  Method. — The  solid io  be  investigated  is  broken  in  pieces  about  the  size  of  a  pea,  and 
placed  in  a  test-tube  A,  with  thin  walls,  which  is  closed  above  with  a  cork,  from  which  a  copper 
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wire  with  a  hook  on  it  projecis  (fig.  285).    The  tett-tube  cc 

bul  which   lies   between  its  lueces  and 

covers    il.      I(   is    weighed    three   Oaa 

to  asceil«in  Ihe  weight  (1)  of  the  aopti 

gisu,  (2)  after  it  ii  dlied  with  the  solid 

substance,  (3)  after  the  Suid  is  added,  so 

that  we  obtaia  ihc  weight   of  the  sain 

substance,  m.  and  thai  of  ihe  fluid,/ 

The  test -lube  and  its  coDlents  are  placed 

Q  g  in  a  mercury  bath,  BB,  and  ihts  again  in 

an  oil  balk,  CC,  and  the  whole  U  niied 

to  ■  high  temperature.     Into  BB  there  ii 

introduced  a  fine  Ihermoineler,  T.   When 

the  tube.  A,  has  reached  the  Deceuirr 

tempetalure  (say  40'')  it  is  n^iidly  placml 

in  the  water  of  (he  accompaoyini;  calon- 

meter-boi,  DD.     The  water  in  tlrii  ba>. 

which  al!>o  contains  a  thermomeler.  U. 

I    is  kept  in  rnoticm  until  il  has  compLeidy 

Y\g  ,ac  absorbed  all   Ihe  beat   given   off  by  A. 

^'      '■  .  Let  T  represent  the  letnperalure  10  whiei 

Kopp  s  apparatus  for  eslimatii^  specific  heat.  a   and  lis  contents  were  niacd   b  the 

mercury  balh.  and  T  the  lempeialiue  id 

which  it  fell    in  the  calorimeter ;  lei  i  be  the  specific   heat,  and  m   ihc   weight  of  the  wAd 

substance  in  Ihe  lest-tube,  while  a  and  ft  represent  the  specific  heat  and  the  weight  o[  ihc 

'   -Hitial  fluid  in  Ihe  test'lube;  and  lastly,  let  u>  equal  the  amount  of  water  in  cooimct  wiih  A. 

"  ■  •        "•  uni  of  heat  which  the  tcst-iute 

W-(i.m  +  K,  +  o^}(T-T,.) 
The  amount  of  heat,  Wj,  absorbed  by  the  calorimeter  is 
W,  _  M  (Ci  —  t), 
where  M  represents  Ihe  amouDI  of  water  in  the  calorimeter,  /  Ihe  original  lemperatiue  tA  lite 
nater  in  ihe  calorimeter,  and  f,  the  temperature  to  which  it  is  raised  by  pladng  A  in  it.    \\ 
W  and  Wj  are  equal,  ihen 

■^  -^  m{T  —  T,) 

If  a  fluid  substance  is  placed  in  the  test  tube,  and  its  weight  ^  m,  and  its  qteclfic  heal  = /. 
the  formula  for  the  specific  heat  of  the  fluid  to  be  investigated  is 
^_M(/,  — /)  — a-(T— T,) 
«(T-T,) 
II.  Calorimetry  is  more  important  for  determining  the  amount  of  heat 
produced  in  a  given  time  by  the  body  as  a  whole,  or  by  its  individual  park. 

Lavoisier  and  Laplace  made  Ibe  first  calorimetric  observations  on  animals  in  1783,  by  mear.i 
of  an  ice -calori meter ;  a  guinea-pig  melted  13  oz.  of  ice  in  ten  hours.  Crawford,  and  afterwards 
Dulong  and  Desprelz,  used  Rumford's  water- calori  meter,  which  is  similar  to  Favre  aac 
Silbermatio's.  Small  animals  are  placed  in  the  inner  thin -walled  copper  chamber  (K),  whict 
is  placed  in  a  water-bath  surrounded  on  all  sides  by  some  non-conducting  material.  \Vf 
require  to  know  the  amount  of  water,  and  its  original  lemperalure.  The  number  of  calories 
is  obtained  from  the  increase  of  the  temperature  at  the  end  of  the  experiment,  which  lasts 
several  hours.  The  air  is  supplied  to  the  animal  through  a  special  apparatus,  rcscmhEio;  1 
gasometer.     The  amount  of  CO,  in  the  gases  evolved  is  estimated. 

According  to  Despretz,  a  bitch  formed  16,410  heat-units  per  hour — /.  i.. 
393,000  in  twenty-four  hours.  Other  things  being  equal,  a  man  seven  time; 
heavier  than  this  would  produce  in  twenty-four  hours  about  2,750,000  caIone=- 
Senator  found  that  a  dog  weighing  6330  grms.  produced  15,370  calorics  per 
hour,  and  excreted  at  the  same  time  367  grms.  CO,,  The  first  calorimeiric 
experiments  on  man  were  made  by  Scliarling  (1849).     Liebermeister  estimated 
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the  amount  of  heat  given  off  by  a  man  placed  in  a  cold  bath,  which  was  sur- 
rounded with  a  woollen  covering.  Leyden  placed  a  lower  limb  in  the  calori- 
meter, whereby  6000  grms.  water  were  raised  1°  C.  in  an  hour.  If  we  assume 
that  the  total  superficial  area  of  the  body  is  fifteen  times  greater  than  that  of 
the  leg,  the  human  body  would  produce  2,376,000  calories  in  twenty-four 
hours. 

212.  THERMAL  CONDUCTIVITY  OF  TISSUES.— The  thermal  conductivity  of 
animal  tissues  is  of  special  interest  in  connection  with  the  skin  and  subcutaneous  fatty  tissue. 
The  fatty  layer  under  the  skin,  more  especially  in  the  whale,  walrus,  and  seal,  forms  a  protective 
coTering,  whereby  the  conduction  of  heat  from  internal  organs  is  rendered  almost  impossible. 
InTcstigatioDS  upon  this  subject,  however,  are  few.  Griess  attempted  to  estimate  the  thermal 
coDdttctivity  by  heating  one  part  of  the  tissue,  and  determining  when  and  in  what  direction 
pieces  of  wax  placed  on  the  tissue  to  be  investigated  began  to  melt.  He  investigated  the 
stomach  of  the  sheep,  the  bladder,  skin,  hoof,  horn,  and  bones  of  an  ox,  deer's  horn,  ivory, 
mother-of-pearl,  shell  of  haliotis.  He  found  that  fibrous  tissues  conducted  heat  more  readily 
in  the  direction  of  their  fibres  than  at  right  angles  to  the  course  of  the  fibres.  Hence,  the 
fi^^res  obtained  from  the  melted  wax  were  usually  elliptical.  Landois  has  made  similar 
observations,  and  he  finds  that  tissues  conduct  better  in  the  direction  of  their  fibres.  After 
bones,  biood-clot  was  the  best  conductor,  then  followed  spleen,  liver,  cartilage,  tendon,  muscle, 
elastic  tissue,  nail  and  hair,  bloodless  skin,  gastric  mucous  membrane,  washed  fibrin.  It  is 
specially  interesting  to  note  how  much  better  skin  containing  d/ood  in  its  blood-vessels 
condacts  than  does  bloodless  skin.  Hence  little  heat  is  given  off  from  a  bloodless  skin,  while 
congested  skin  conducts  and  gives  off  much  more  heat. 

Like  all  other  substances,  the  human  body  is  enlarged  by  heat.  A  man  weighing  60  kilos., 
and  whose  temperature  is  raised  from  37^  C.  to  40°  C,  is  enlarged  about  62  cubic  centimetres. 
Connective-tissue  (tendon)  is  extended  by  heat,  while  elastic  tissue  and  the  skin,  like  caoutchouc 
are  contracted. 

213.  VARIATIONS  OF  THE  MEAN  TEMPERATURE.— (i) 
General  Climatic  and  Somatic  Influences. — In  the  tropics  the  mean 
temperature  of  the  body  is  about  J^°  C.  higher  than  in  temperate  climates, 
where  again  it  is  several  tenths  of  a  degree  warmer  than  in  cold  climates ; 
but  this  has  recently  been  denied.  The  difference  is  comparatively  trivial, 
when  we  remember  that  a  man  is  subjected  to  a  variation  of  over  40®  C.  in 
passing  from  the  equator  to  the  poles.  Observations  on  more  than  4000  per- 
sons show  that  when  a  person  goes  from  a  warm  to  a  cold  climate,  his  tempera- 
ture is  but  slightly  diminished,  but  when  he  goes  from  a  cold  to  a  warm  climate 
his  temperature  rises  relatively  considerably  more.  In  the  temperate  zone,  the 
temperature  of  the  body  during  a  cold  winter  is  usually  0.1°  to  0.3°  C.  lower 
than  it  is  on  a  warm  summer  day.  The  height  of  a  place  above  sea-level 
has  no  obvious  effect  on  the  temperature  of  the  body.  There  seems  to  be  no 
difference  in  different  races,  nor  in  the  sexes,  other  conditions  being  the 
same.  Persons  of  powerful  physique  and  constitution  are  said  to  have  gen- 
erally a  slightly  higher  temperature  than  feeble,  weak,  anaemic  persons. 

(2)  Influence  of  the  General  Metabolism. — As  the  formation  of  heat 
depends  upon  the  transformation  of  chemical  compounds,  whose  chief  final 
products,  in  addition  to  H,0,  are  COj  and  lurea,  the  amount  of  heat  formed 
must  go  pari  passu  with  the  amount  of  these  excreta.  The  more  rapid  meta- 
bolism which  sets  in  after  a  full  meal  causes  a  rise  of  temperature  to  several 
tenths  of  a  degree  (**  Digestion-fever '*).  As  the  metabolism  is  much  dimin- 
ished during  hunger,  this  explains  why  the  mean  temperature  in  a  fasting  man 
is  36.6®,  while  it  is  37.17°  on  ordinary  days  (§  237). 

Jurgensen  also  found  that  the  temperature  fell  on  the  6rst  day  of  inanition  (although  there 
vas  a  temporary  rise  on  the  second  day).  In  experiments  made  upon  starving  animals,  the 
temperature  at  first  fell  rapidly,  then  remained  constant  for  a  considerable  time,  while  during 
the  last  days  it  fell  considerably.  Schmidt  starved  a  cat — on  the  15th  day  the  temperature  was 
38.6";  on  the  i6th,  38.3®;  17th,  3764*';  i8th,  35.8<*;  19th  (death)  =  33.0®.  Chossat  found 
that  starring  mammals  and  birds  had  a  temperature  16^  C.  below  normal  on  the  day  of  their 
death. 
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(3)  Age  has  a  decided  effect  upon  the  temperature  of  the  body.  The  ci- 
tent  of  the  general  metabolism  is  in  part  an  iudex  of  the  heat  of  the  bodj  it 
different  ages,  but  it  is  possible  that  other,  as  yet  unknown,  influences  are  also 
active. 
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Newly-born  animals  exhibit  peculiaritiesi  owing  to  the  sudden  change  in 
their  conditions  of  existence.  Immediately  after  birth,  the  infant  is  0  3' 
warmer  than  the  vagina  of  the  mother,  viz.,  37.86°.  A  short  time  after  binti 
the  temperature  falls  0.9°,  while  twelve  to  twenty~four  houi^  afterwards  it  his 
risen  to  the  normal  temperature  of  an  Infant,  which  is  37.45°.  Several  irregu- 
lar variations  occur  during  the  first  weeks  of  life,  During  sleep  the  temperatuit 
of  an  infant  falls  0.34'  to  o  56°,  while  continued  crying  may  raise  it  sernii 
tenths  of  a  degree.  Old  people,  on  account  of  their  feeble  metabolism,  pro- 
duce little  heat ;  they  become  cold  sooner,  and  hence  ought  to  wear  wano 
clothing  to  keep  up  their  temperature. 


Fig.  286. 

Variations  of  the  dally  temperalure  in  heallb  during  Iweulf  foar  hours.      L ,  after 

Liebcnncister  i  J ,  after  Jili^ensen. 

(4)  Periodical  Daily  Variations. — ^In  the  courae  of  twenty-four  hous 
there  are  regular  periodic  variations  in  the  mean  temperature,  and  these  occar 
at  all  ages.  As  a  general  rule,  the  temperature  continugs  to  rise  during  tlu  Jtj 
(maximum  at  5  to  8  p.  m.),  while  it  continues  \q  fall  during  the  night  (miDimnra 
2  to  6  A.  M.).  The  mean  temperature  occurs  at  the  third  hour  after  breaktis' 
(fig.  i86). 

The  mean  height  of  all  the  temperatures  taken  during  a  day  in  a  patients 
called  the  "daily  mean,"  and  according  to  Jaeger  it  is  37.31°  in  the  rectum 
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in  health.     A  daily  mean  of  more  than  37.8®  is  a  "fever  temperature,"  while 
a  mean  under  37.0°  C.  is  regarded  as  a  "collapse  temperature.*' 
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As  the  variations  occur  when  a  person  is  starved  for  a  day — although  those  that  occur  at  the 
at  which  food  ought  to  have  been  taken  are  less— it  is  obvious  that  the  variations  are  not 
entirely  to  the  taking  of  food.     [The  *  indicates  taking  of  food.] 

daily  variation  in  the  frequency  of  the  pulse  often  coincides  with  variation  of  the 
Bftrensprung  found  that  the  mid-day  temperature  maximum  slightly  preceded  the 
maximnm  ({  70,  3,  C). 

one  sleeps  during  the  day,  and  does  all  one's  daily  duties  during  the  night, 

>jd>ove  described  typical  course  of  the  temperature  is  reversed.    With  regard 

effect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscles  during 

4^y  tends  to  increase  the  mean  temperature  slightly,  while  at  night  the 

temperature  is  less  than  in  the  case  of  a  person  at  rest. 

periplieral  parts  of  the  body  exhibit  more  or  less  regular  variations  of  their  temperature. 
palm  of  the  hand,  the  progress  of  events  is  the  following :  after  a  relatively  high  night 
inre  there  is  a  rapid  fall  at  6  a.m.,  which  reaches  its  minimum  at  9  to  10  a.m.  This  is 
by  a  slow  rise,  which  reaches  a  high  maximum  after  dinner ;  it  falb  between  i  to  3 
and  after  two  or  three  hours  reaches  a  minimum.  It  rises  from  6  to  8  p.m.,  and  falls  again 
towards  morning.  A  rapid  fall  of  the  temperature  in  a  peripheral  part  corresponds  to  a  rise  of 
temperature  in  iotemal  parts. 

(5)  Many  operations  upon  the  body  affect  the  temperature.  After  hemor- 
rhage the  temperature  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree, 
and  is  usually  accompanied  by  a  shiver  or  slight  rigor ;  several  days  thereafter 
it  falls  to  normal,  and  may  even  fall  somewhat  below  it.  The  sudden  loss  of  a 
large  amount  of  blood  causes  a  fall  of  the  temperature  of  j4  to  2®  C.  Very 
long-continued  hemorrhage  (dog)  causes  it  to  fall  to  31°  or  29**  C. 

This  is  obviously  due  to  the  diminution  of  the  processes  of  oxidation  in  the  anaemic  body, 
and  to  the  enfeebled  circulation.  Similar  conditions  causing  diminished  metabolism  effect  the 
same  result.  Continued  stimulation  of  the  peripheral  end  of  the  vagus,  so  that  the  heart's 
action  b  enormously  slowed,  diminishes  the  temperature  several  degrees  in  rabbits  {^Landais  and 
Amman), 
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The  transfusion  of  a  considerable  quantity  of  blood  raises  the  temperature 
about  half  an  hour  after  the  operation.  This  gradually  passes  into  a  febrile 
attack,  which  disappears  within  several  hours.  When  blood  is  transfused  from 
an  artery  to  a  vein  of  the  same  animal,  a  similar  result  occurs  (§  102). 

(6)  Many  poisons  diminish  the  temperature,  e,  g,,  chloroform  and  the 
anaesthetics,  alcohol  (§  235),  digitalis,  quinine,  aconitin,  muscarin.  These 
appear  to  act  partly  by  rendering  the  tissues  less  liable  to  undergo  molecular 
transformations  for  the  production  of  heat.  In  the  case  of  the  anaesthetics, 
this  effect  perhaps  occurs,  and  is  due  possibly  to  a  semi-coagulation  of  the 
nervous  substance  (?).  They  may  also  act  partly  by  influencing  the  giving 
off  of  heat  (§  214,  II.).  Other  poisons  increase  the  temperature  for  opposite 
reasons. 

The  temperature  is  increased  by  strychnin,  nicotin,  picrotoxin,  veratrin,  laudanin. 

{j\  Various  diseases  diminish  the  temperature,  which  may  be  due  either  to  lessened  po- 
duction  of  heat  (diminution  of  the  metabolism),  or  to  increased  expenditure  of  heat.  Loevcn- 
hardt  found  that  in  paralytics  and  in  insane  persons,  several  weeks  before  their  death,  the  rectal 
temperature  was  30^  to  31^  C,  in  diabetes  30^  C.  or  less;  the  lowest  temperature  obserred  aixi 
life  retained  in  a  drunk  person  was  24^  C. 

The  temperature  is  increased  in  /evert  and  the  highest  point  reached  just  before  death,  and 
recorded  by  Wunderlich,  was  44.65**  C.  (compare  §  220) . 

214.  REGULATION  OF  THE  TEMPERATURE.— As  the  bodily 

temperature  of  man  and  similar  animals  is  nearly  constant,  notwithstanding 
great  variations  in  the  temperature  of  their  surroundings,  it  is  clear  that  some 
mechanism  must  exist  in  the  body,  whereby  the  heat  economy  is  constantly 
regulated.  This  may  be  brought  about  in  two  ways ;  either  by  controlling 
the  transformation  of  potential  energy  into  heat,  or  by  affecting  the  amount  of 
heat  given  off  according  to  the  amount  produced,  or  to  the  action  of  external 
agencies. 

[The  constancy  or  thermostatic  condition  of  the  temperature  is  brought  aboat 
by  three  co-operant  factors,  the  thermogenic  or  heat-producing,  the  thermo- 
lytic  or  heat-discharging,  and  the  thermotaxic  or  mechanism  by  which  beat- 
production  and  heat-loss  are  balanced,  and  it  is  obvious  that  the  last  must  be 
in  relation  with  the  other  two.  The  thermotaxic  mechanism  is  developed  last, 
is  least  pronounced  in  the  lower  vertebrata,  and  is  most  easily  liable  to  fail 
under  injury  or  disease  (^Mac  A  lister),'] 

I.  Regulatory  Arrangements  governing  the  Production  of  Heat«— 

Liebermeister  estimated  the  amount  of  heat  produced  by  a  healthy  man  at  i>8 
calories,  /'.  e.,  the  kilo  unit,  per  minute.  It  is  highly  probable  that,  within  the 
body,  there  exist  mechanisms  which  determine  the  molecular  transformations, 
upon  which  the  evolution  of  heat  depends.  This  is  accomplished  chiefly  in  a 
reflex  manner.  The  peripheral  ends  of  cutaneous  nerves  (by  thermal  stima- 
lation),  or  the  nerves  of  the  intestine  and  the  digestive  glands  (by  mechanical 
or  chemical  stimulation  during  digestion  or  inanition),  may  be  irritated, 
whereby  impressions  are  conveyed  to  the  heat- centre,  which  sends  out 
impulses  through  efferent  fibres  to  the  depdts  of  potential  energy,  either  to 
increase  or  diminish  the  extent  of  the  transformations  occurring  in  them.  The 
nerve-channels  herein  concerned  are  entirely  unknown.  Many  consideraticms, 
however,  go  to  support  such  an  hypothesis  (§  377). 

[Thermotaxic  Mechanism,  Thermal  Nerves  and  Centres. — ^Just  as  the  respiration  aad 
the  state  of  the  blood-vessels  are  regulated  from  a  central  focus,  so  the  question  arises.  Does  tite 
same  obtain  with  regard  to  temperatures?  Studying  this  question,  however,  it  must  be  bcfntc  id 
mind  that  thermometric  observations  alone  are  not  sufficient ;  the  true  test  must  be  calorhiKtxic 
Sir  Benjamin  Brodie  observed  that  in  a  case  of  injury  of  the  spinal  cord  in  the  neck  the  teat- 
perature  in  the  thigh  rose  very  high.  In  some  cases  the  temperature  falls.  Wood  has  shown 
that  section  of  the  cord  above  the  origin  of  the  splanchnics  leads  to  decided  increase  in  the 
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amooDt  of  heat  dissipated,  but  to  a  decided  diminution  of  heat-production.  The  vaso-motor 
paralysis  has  much  to  do  in  these  cases  with  the  loss  of  heat.  In  warm-blooded  animals,  exposed 
to  a  high  temperature,  the  heat-production  is  diminished,  but  when  they  are  exposed  to  a  low 
tenqxrature  it  is  increased.  If  a  warm-blooded  animal's  medulla  oblongata  be  divided,  there  is 
a  £ei11  of  temperature,  chiefly  due  to  vaso-motor  paralysis,  and  such  an  animal  behaves,  as  regards 
the  effect  of  heat  and  cold,  exactly  like  a  poikilothermal  animal,  i.  ^.,  its  metabolism  and  heat- 
production  are  increased  by  cold  and  diminished  by  heat.  If,  however,  the  incision  be  made 
above  the  pons,  so  as  to  leave  the  vaso-motor  centre  intact  in  the  dog,  there  is  a  rise  of  the 
temperature  and  increased  heat-production  for  24  hours  afterwards.  This  suggests  the  idea 
that  this  region  is  traversed  by  inhibitory  nerves,  so  that  when  they  are  cut  off  from  iheir  centres 
situate  above,  the  augmentor  nerves  can  act  more  vigorously.  This  suggests  the  existence  of 
thenno4nhibitory  centres  situate  higher  up  in  the  brain.  If  an  animal  be  curarized,  not  only  is 
there  paralysis  of  voluntary  motor  acts,  but  on  stimulating  an  ordinary  motor  nerve,  not  only 
is  there  no  muscular  contraction,  but  there  is  no  rise  of  temperature  of  the  muscles  supplied  by 
that  nerve.  In  such  an  animal  the  temperature  rises  and  falls  with  the  temperature  of  the 
surrounding  medium.  Even  although  the  respirations  be  kept  constant  and  the  vaso-motor 
nerves  intact,  the  thermogenic  activity  of  muscles,  therefore,  seems  to  be  dependent  on  their 
innervation.] 

[Cerebral  Centres. — Apart  from  the  cortical  heat  centres  (§  377),  Ott,  Aron^ohn,  Sachs, 
Richet,  and  others  have  shown  that  if  a  needle  be  thrust  through  the  skull  and  brain,  so  as  to 
injure  certain  deeper-seated  parts,  there  is  a  rise  of  temperature  and  increased  heat-production 
for  several  houxs.  The  experiment  may  be  repeated  several  times  in  the  same  rabbit.  Ott  gives 
three  areas  which,  when  so  injured,  cause  these  effects — (i)  a  part  of  the  brain  in  the  m^ian 
side  of  the  corpus  striatum,  and  near  the  nodus  cursorius ;  (2)  a  part  between  the  corpus  striatum 
and  the  opdc  thalamus;  and  (3)  the  anterior  end  of  the  optic  thalamus  itself.  From  the  effect  of 
atropin,  Ott  suggests  the  existence  of  spinal  centres  as  well.] 

Regulatory  Mechanisms. — The  following  phenomena  indicate  the  exist- 
ence of  mechanisms  regulating  the  production  of  heat : — 

(i)  The  temporary  application  of  moderate  cold  raises  the  bodily 
temperature,  while  heat,  similarly  applied  to  the  external  surface,  lowers  it 
(§§  222  and  224). 

(2)  Cooling  of  the  surroundings  increases  the  amount  of  CO,  excreted, 
by  increasing  the  production  of  heat,  while  the  O  consumed  is  also  increased 
simultaneously;  heating  the  surrounding  medium  diminishes  the  CO,  (§  126,  5). 

D.  Finkler  found,  from  experiments  upon  guinea-pigs,  that  the  production  of  heat  was  more 
than  doubled  when  the  surrounding  temperature  was  diminished  24^  C.  The  metabolism  of  the 
guinea-pig  is  increased  in  winter  23  per  cent  as  compared  with  summer,  so  that  the  same  rela- 
tion obtains  as  in  the  case  of  the  diminution  of  the  surrounding  temperature  of  short  duration. 

C.  Ludwig  and  Sanders- Ezn  found  that  in  a  rabbit  there  was  a  rapid  increase  in  the  amount  of 
CO,  piven  off,  when  the  surroundings  were  cooled  from  38**  to  6°  or  7°  C. ;  while  the  excretion 
was  diminbhed  when  the  surrounding  temperature  was  raised  from  4^-9^  to  35^-37^,  so  that  the 
thermal  stimulation,  due  to  the  temperature  of  the  surrounding  medium,  acted  upon  the  com- 
bustion within  the  body.  Pfliiger  found  that  a  rabbit  which  was  dipped  in  cold  water  used  more 
O  and  excreted  more  CO,. 

If  the  cooling  action  was  so  great  as  to  reduce  the  bodily  temperature  to  30^,  the  exchange  of 
gases  dhninished,  and  where  the  temperature  fell  to  20°,  the  exchange  of  gases  was  diminished 
ooe-half.  It  is  to  be  remembered,  however,  that  the  excretion  of  CO,  does  not  go  hand  in 
hand  whh  the  formation  of  CO,.  If  mammals  be  placed  in  a  warm  bath,  which  is  2^  to  3° 
higher  than  their  own  temperature,  the  excretion  of  CO,  and  the  consumption  of  O  are  increased 
owing  to  the  stimulation  of  their  metabolism,  while  the  excretion  of  urea  is  also  increased  in 
animals  and  in  man  (J  126,  5). 

(3)  Cold  acting  upon  the  skin  causes  involuntary  muscular  move- 
ments (shivering,  rigors),  and  also  voluntary  movements,  both  of  which 
produce  heat. 

The  cold  excites  the  action  of  the  muscles,  which  is  connected  with  processes  of  oxidation 
{lyiSgery.  After  poisoning  with  curare,  which  paralyzes  voluntary  motion,  this  regulation  of 
the  beat  falls  to  a  minimum  (R^hrig  and  Zun/si),  [so  that  the  bodily  temperature  rises  and  falls 
with  a  rise  or  fall  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperature  of  the  surroundings  affect  the 
appetite  for  food ;  in  winter,  and  in  cold  regions,  the  sensation  of  hunger 
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and  the  appetite  for  the  fats,  or  such  substances  as  yield  much  heat  when  they 
are  oxidized,  are  increased ;  in  summer,  and  in  hot  climates,  they  are  di- 
minished. Thus  the  mean  temp)erature  of  the  surroundings,  to  a  certain  extent, 
determines  the  amount  of  the  heat-producing  substances  to  be  taken  in  the  food. 
II.  Regulatory  Mechanisms  governing  the  Excretion  of  Heat  or 
Thermolysis. — The  mean  amount  of  heat  given  off  by  the  human  skin  in 
twenty-four  hours,  by  a  man  weighing  82  kilos,  is  2092  to  2952  calories,  t.  r, 
1.36  to  1.60  per  minute. 

[Radiation  from  the  Skin. — The  real  raditting  surface  in  man  under  ordinary  cooditior^ 
is  the  surface  of  the  clothes,  and  only  to  a  comparatively  small  extent  the  skin.  In  warm- 
blooded animals  it  is  not  the  naked  epidermis  but  the  surface  of  the  hair  or  feathers.  The 
amount  of  radiation  from  this  surface  depends  (i)  on  the  difference  between  its  temperatnre 
and  that  of  the  surroundings,  and  (2)  on  its  co-efficient  of  emission.  G.  N.  Stewart  has  compared 
the  influence  of  these  two  factors  for  the  human  skin  by  measuring  simultaneously  the  temper- 
ature of  the  skin  and  the  amount  of  heat  radiated  from  it.  Both  measurements  were  made  by 
the  electrical  method  with  lead  paper  gratings.  The  co-efficient  of  emission  was  not  found  to 
vary  much  under  the  conditions  of  the  experiments,  the  chief  factor  in  determining  the  amoaat 
of  radiation  being  the  temperature  difference.  Masje,  however,  has  stated  that  when  a  large 
part  of  the  body  is  stripped  in  a  cold  atmosphere  the  radiation  from  the  skin  is  increased, 
although  its  temperature  is  lowered.  The  effect  of  replacing  the  normal  radiating  snrfuce  br 
one  of  higher  temperature  is  well  seen  when  the  hair  is  extensively  removed  from  a  rabbit  or  a 
guinea-pig,  and  the  animal  is  prevented  from  covering  itself.  Even  in  warm  summer  weather 
the  animal  may  die  in  as  short  a  time  as  twenty  hours  [G,  N.  Stewart),'] 

(i)  Heat  causes  dilatation  of  the  cutaneous  vessels  ;  the  skin 
becomes  red,  congested,  and  soft ;  it  contains  more  fluids,  and  becomes  a 
better  conductor  of  heat ;  the  epithelium  is  moistened,  and  sweat  appears 
upon  the  surface.  Thus  increased  excretion  of  heat  is  provided  for,  while  the 
evaporation  of  the  sweat  also  abstracts  heat. 

The  amount  of  heat  necessary  to  convert  into  vapor  I.  grm.  of  water  at  100^  C.  is  equal  10 
that  required  to  heat  10  grms.  from  o^  to  53.67^  C.  The  sweat  as  secreted  is  at  the  temperatore 
of  the  body ;  if  it  were  completely  changed  into  vapor,  it  would  require  the  heat  necessary  10 
raise  it  to  the  boiling  point,  and  also  that  necessary  to  convert  it  into  vapor. 

Cold  causes  contraction  of  the  cutaneous  vessels  ;  the  skin  becomes 
pale,  less  soft,  poorer  in  juices,  and  collapsed ;  the  epithelium  becomes  dry, 
and  does  not  permit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the 
excretion  of  heat  is  diminished.  The  excretion  of  heat  from  the  periphery,  and 
the  transverse  thermal  conduction  through  the  skin,  are  diminished  by  the  con- 
traction of  the  vessels  and  muscles  of  the  skin,  and  by  the  expulsion  of  the  well* 
conducting  blood  from  the  cutaneous  and  subcutaneous  vessels.  The  cooling 
of  the  body  is  very  much  affected,  owing  to  the  diminution  of  the  cutaneous 
blood-stream,  just  as  occurs  when  the  current  through  a  coil  or  worm  of  a  distil- 
lation apparatus  is  greatly  diminished.  If  the  blood-vessels  dilate,  the  tempen- 
ture  of  the  surface  of  the  body  rises,  the  difference  of  temperature  between  it 
and  the  surrounding  cooler  medium  is  increased,  and  thus  the  excretion  of 
heat  is  increased.  Tomsa  has  shown  that  the  fibres  of  the  skin  are  so  arranged 
anatomically,  that  the  tension  of  the  fibres  produced  by  the  erector  pili  muscles 
causes  a  diminution  in  the  thickness  of  the  skin,  this  result  being  brought  aboat 
at  the  expense  of  the  easily  ex[>elled  blood. 

By  the  systematic  application  of  stimuli,  e.g,^  cold  baths,  and  washing  with  cold  waiter,  the 
muscles  of  the  skin  and  its  blood-vessels  may  be  caused  to  contract,  and  become  so  vigoroos  ai»l 
excitable  that  when  cold  is  suddenly  applied  to  the  body,  or  to  a  part  of  it,  the  excretion  of  heal  i» 
energetically  prevented,  so  that  cold  baths  and  washing  with  cold  water  are,  to  a  certain  extcnL 
**  grymnastics  of  the  cutaneous  muscles,"  which,  under  the  above  circumstances,  protect  the  bo<h 
from  cold.  • 

(2^  Increased  temperature  causes  increased  heart-beats,  while 
diminished  temperature  diminishes  the  number  of  contractions  of  the 


Sec.  214.]  REGULATION   OF  TEMPERATURE.  4I9 

heart  (§  58,  II,  a).  The  relatively  warm  blood  is  pumped  by  the  action  of  the 
heart  from  the  internal  organs  of  the  body  to  the  surface  of  the  skin,  where  it 
readily  gives  off  heat.  The  more  frequently  the  same  volume  of  blood  passes 
through  the  skin — twenty-seven  heart-beats  being  necessary  for  the  complete 
circuit  of  the  blood — the  greater  will  be  the  amount  of  heat  given  off,  and 
conversely.  Hence,  the  frequency  of  the  heart-beat  is  in  direct  relation  to  the 
rapidity  of  cooling.  In  very  hot  air  (over  100°  C.)  the  pulse  rises  to  over  160 
per  minute.  The  same  is  true  in  fever  (§  70,  3,  c).  Liebermeister  gives  the 
following  numbers  in  an  adult : — 


Pulse-beats,  per  min.,        78.6        91.2        99.8         108.5         no         137.5 
Temperature  in  C,  37.®  38°  39°  40®  41**  42 
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(3)  Increased  Temperature  increases  the  Number  of  Respirations. 
—Under  ordinary  circumstances,  a  much  larger  volume  of  air  passes  through 
the  lungs  when  it  is  warmed  almost  to  the  temperature  of  the  body.  Further, 
a  certain  amount  of  watery  vapor  is  given  off  with  each  expiration,  which  must 
be  evaporated,  thus  abstracting  heat.  Energetic  respiration  aids  the  circulation, 
so  that  respiration  acts  indirectly  in  the  same  way  as  (2).  According  to  other 
observers,  the  increased  consumption  of  O  favors  the  combustion  in  the  body, 
whereby  the  increased  respiration  must  act  in  producing  an  amount  of  heat 
greater  than  normal  (§  126,  8).  This  excess  is  more  than  compensated  for  by 
the  cooling  factors  above  mentioned.  Forced  respiration  produces  cooling, 
even  when  the  air  breathed  is  heated  to  54^  C,  and  saturated  with  watery 
vapor. 

(4)  Covering  of  the  body.— Animals  become  clothed  in  winter  with  a 
winter  fur  or  covering,  while  in  summer  their  covering  is  lighter,  so  that  the 
excretion  of  heat  in  surroundings  of  different  temperatures  is  thereby  rendered 
more  constant. 

Many  animals  which  live  in  very  cold  air  or  water  (whale)  are  protected  from 
too  rapid  excretion  of  heat  by  a  ihick  layer  of  fat  under  the  skin.     Man  pro-' 
vides  for  a  similar  result  by  adopting  summer  and  winter  clothing. 

(5)  The  position  of  the  body  is  also  important ;  pulling  the  parts  of  the 
body  together,  approximation  of  the  head  and  limbs,  keep  in  the  heat ;  spread- 
ing out  the  limbs,  erection  of  the  hairs,  pluming  the  feathers,  allow  more  heat 
to  be  evolved.  If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for 
three  hours,  the  rectal  temperature  will  fall  from  39°  C.  to  37®  C.  Man  may  influ- 
ence his  temp>erature  by  remaining  in  a  warm  or  a  cold  room — by  taking  hot  or 
cold  drinks,  hot  or  cold  baths — remaining  in  air  at  rest  or  air  in  motion,  e,g.^ 
by  using  a  fan. 

CLOTHING.— Warm  Clothing  is  the  Equivalent  of  Pood.-  As  clothes  are  intended 
to  keep  in  the  heat  of  the  body,  and  heat  is  produced  by  the  combustion  and  oxidation  of  the 
food,  we  may  say  the  body  takes  in  heat  directly  in  the  food,  while  clothing  prevents  it  from 
giving  off  too  much  heat.  Summer  clothes  weigh  3  to  4  kilos.,  and  winter  ones  6  to  7  kilos. 
In  connection  with  clothes,  the  following  considerations  are  of  importance  : — 
(I)  Their  capacity  for  conduction. — Those  substances  which  conduct  heat  badly  keep  us 
wannest.  Hare-skin,  down,  beaver-skin,  raw  silk,  taffeta,  sheep's  wool,  cotton  wool,  flax,  spun- 
silk,  are  given  in  order,  from  the  worst  to  the  best  conductors.  (2)  The  capacity  for  radiation, 
— Coane  materials  radiate  more  heat  than  smooth,  but  color  has  no  effect  (3)  Relation  to  the 
sun^s  rays. — Dark  materials  absorb  more  heat  than  light-colored  ones.  (4)  Their  hygroscopic 
properties  are  important,  whether  they  can  absorb  much  moisture  from  the  skin  and  gradually 
give  it  off  by  evaporation,  or  the  reverse.  The  same  weight  of  wool  takes  up  twice  as  much 
as  linen ;  hence  the  latter  gives  it  off  in  evaporation  more  rapidly.  Flannel  next  the  skin  is  not 
so  easily  moistened,  nor  does  it  so  rapidly  become  cold  by  evaporation ;  hence  it  protects  against 
the  aaioQ  of  cold.  (5)  The permeabiiity  for  air  is  of  importance,  but  does  not  stand  in  relation 
with  the  heat-conductir^  capacity.  The  following  substances  are  arranged  in  order  from  the 
most  to  the  least  permeable — flannel,  buckskin,  linen,  silk,  leather,  wax-cloth. 


420  HEAT-BALANCE.  [SCC.  215. 

215.  HEAT-BALANCE. — ^As  the  temperature  of  the  body  is  maintained 
within  narrow  limits,  the  amount  of  heat  taken  in  must  balance  the  heat  given 
off,  /.  ^.y  exactly  the  same  amount  of  potential  energy  must  be  transformed  in 
a  given  time  into  heat,  as  heat  is  given  off  from  the  body.  An  adult  produces 
as  much  heat  in  half  an  hour  as  will  raise  the  temperature  of  his  body  1°  C. 
If  no  heat  were  given  off,  the  body  would  become  very  hot  in  a  short  time ; 
it  would  reach  the  boiling  point  in  thirty-six  hours,  supposing  the  production 
of  heat  continued  uninterruptedly.  The  following  are  the  most  importani 
calculations  on  the  subject : — 

A.  Helmholtz  was  the  first  to  estimate  numerically  the  amount  of  heat  produced  by  t 
man : — 

(i)  Heat -income. — (a)  A  healthy  adult,  weighing  82  kilos.,  expires  in 
twenty-four  hours  878.4  grams.  CO,  (Scharling).  The  combus- 
tion of  the  C  therein  into  CO,  produces 1 ,730,760  ca3. 

{b)  But  he  takes  in  more  O  than  reappears  in  the  CO, ;  the  excess  b  used 
in  oxidation-processes,  ^.p-.,  for  the  formation  of  H,0,  by  union  with 
H,  so  that  13.615  grms.  H  will  be  oxidized  by  the  excess  of  0,which 
gives 3iS,6oo    * 

2,049,360  cal 
{c)  About  25  |>er  cent,  of  the  heat  must  be  referred  to  sources  other  than 

combustion  {Dulong)^  so  that  the  total =  2,732,000    " 

2,732,000  calories  are  actually  sufficient  to  raise  the  temperature  of  an  adult,  weighing  So 
to  90  kilos.,  from  10**  to  38**  or  39®  C,  i.  f.,  to  a  normal  temperature. 

(2)  Heat-expenditure. — (a)  Heating  the  food  and  drink,  which 

have  a  mean  temperature  of  1 2^  C 70,157  cal.==  2,6  per  cent. 

(d)  Heating  the  air  respired  =  16400  grms.  with  an  initial  tem- 
perature of  20®  C *   .    .  70,032    «  =  2.6 

( IVAfn  the  temperature  of  the  air  is  o**,  140,064  cal,  =  ^.7,  per  cent,) 

(c)  Evaporation  of  656  grms.  water  by  the  lungs, 397»536    **  =  14.7 

\d)  The  remainder  given  off  by  radiation  and  evaporation  of 

water  by  the  skin, (77-5  P^  ^f»l-  ^o)  =  80.1      •• 

B.  Dulong. — (1)  Heat-income. — Dulong  and  others  sought  to  estimate  the  amount  of  heat 
from  the  C  and  H  contained  in  the  food.  As  we  know  that  the  combustion  of  I  grm.  C  =  8040 
heat-units,  and  i  grm.  H  =  34,460  heat-units,  it  would  be  easy  to  determine  the  amount  of  1^ 
were  the  C  simply  converted  into  CO,  and  the  H  into  H,0.  But  Dulong  omitted  the  H  inibe 
carbohydrates  (e.  g.^  grape-sugar  =  CjH,,Og)  as  producing  heat,  because  the  H  is  already  cobk 
bined  with  O,  or  at  least  is  present  in  the  proportion  in  which  it  exists  in  water.  This  assompcioc 
is  hypothetical,  for  the  atoms  of  C  in  a  carbohydrate  may  be  so  firmly  united  to  the  other  atoms, 
that  before  oxidation  can  take  place  their  relations  must  be  altered,  so  that  potential  eocigj  b 
used  up,  f.  ^.,  heat  must  be  rendered  latent ;  so  that  these  considerations  rendered  the  following 
example  of  Dulong's  method  given  by  Vierordt  very  problematical : — 

An  adult  eats  in  twenty-four  hours  120  grms.  proteids,  90  grms.  fat,  and  340  grms.  starck 
(carbohydrates).     These  contain : — 

Proteids, 120  grms.  contain    64.18  C.  and    S.60  H. 

Fat, 90    *•  *•  70  20        "     10.26 

Starch, 34©    **  "        146.82  


281.20  and       i8.86 
The  urine  and  fseces  contain,  still  unconsumed,    ....    29.8     *'  6.3 


Remainder  to  be  burned, 251.4  and        12.56 

As  I  grm.  C=  8040  heat- units  and  I  grm.  H  =:  34,460  heat-units,  we  have  the  foHowing 
calculation : — 

251.4     X     8,040  =  2,031,312  (from  combustion  of  C). 
12.56X34,460=    432,818  ("  "  H). 

2,464,130  heat-units. 
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(2)  Heat-ezpenditure : — 

Per  cent,  of 
Heat'Units.  the  excreta. 

1.  1900  gnns.  are  excreted  duly  by  the  urine  and  faeces,  and  they  are 

25*  warmer  than  the  food 47,50o  i  .9 

2.  13,000   grms.    air  heated  (from  12^  to  37^  C.)  (heat-capacity  of 

the  air  =  0.26), 84,500  3.38 

3*  330  grms.  water  are  evaporated  by  the  respiration  (i  grm.  =  582 

heat-units), 192,060  7.68 

4.  660  grms.  water  are  evaporated  from  the  skin, 384,120  I5*37 

Total, 708,180 

Remainder  radiated  and  conducted  from  the  skin, 1,791,820        71-67 

Total  amount  of  heat-units  given  off, 2,500,000       100.00 

C.  Heat,  income. — Prankland  burned  the  food  directly  in  a  calorimeter,  and  found  that  I 
grm.  of  the  following  substances  yielded  t — 

Albumin,  i  grm., 4,998  heat-units. 

Grape-sugar,  i  grm., 3»2I7         ** 

Ox  fat,  I  grm., 9*069         ** 

The  albumin,  however,  is  only  oxidized  to  the  stage  of  urea,  hence  the  heat-units  of  urea 
most  be  deducted  from  4998,  which  gives  4263  heat  units  obtainable  from  i  grm.  albumin. 
When  we  know  the  number  of  grams  consumed,  a  simple  multiplication  gives  the  nun  ber  of 
heat-units. 

The  beat-units  will  vary,  of  course,  with  the  nature  of  the  food.  J.  Ranke  gives  the  fol- 
lowing:— 

With  animal  diet, 2,779,524  heat-units. 

•*    food  free  from  N, 2,059,506         ** 

mixed  diet, 2,200,000         " 

during  hunger, 2,012,8x6         ** 


it 


ai6.  VARIATIONS  IN  HBAT-PRODUCTION.—(i)  Influence  of  Bodily  Surface. 

—Robner  found  that  the  production  of  heat  depended  more  upon  the  size  of  the  body  and  its  super- 
ficial area  than  upon  the  body- weight.  Small  or  young  animals  have  a  relatively  larger  surface 
than  large  or  older  ones,  and  as  the  removal  of  heat  takes  place  chiefly  from  the  external  sur- 
&ce,  animals  with  a  larger  surface  most  produce  more  heat.  Small  animals  use  relatively  more 
0.  Rubner's  investigations  on  dogs  of  different  size  gave  a  heat-production  of  1,143,000 
calories  for  every  square  metre  of  cutaneous  surface.  On  comparing  the  body- weight  with  the 
cutaneous  surfrice  in  different  animals,  he  found  that  for  every  I  kilo,  of  body- weight  there  was 
in  the  rat  1650,  rabbit  946,  man  287  square  centimetres  of  surface. 

(2)  Age  and  Sex. — The  heat-production  is  less  in  infancy  and  in  old  age,  and  it  is  less  in 
proportion  in  the  female  than  in  the  male. 

(3)  Daily  Variation. — The  heat- production  shows  variations  in  twenty-four  hours  corre- 
sponding with  the  temperature  of  the  body  (§  213, 4). 

(4)  The  heat-production  is  greater  in  the  waking  condition,  during  physical  and  mental 
exertion,  and  during  digestion,  than  in  the  opposite  conditions. 

217.  RELATION    OF    HEAT-PRODUCTION    TO  WORK.— 

The  potential  energy  supplied  to  the  body  may  be  transformed  into  heat  and 
various  other  forms  of  kinetic  energy  (see  Introduction),  In  the  resting  con- 
dition, almost  all  the  potential  energy  is  changed  into  heat;  the  workman, 
however,  transforms  potential  energy  into  ^vork-^mechanical  work — in  addi- 
tion to  heat.  These  two  may  be  compared  by  using  an  equivalent  measure- 
ment, thus,  I  heat-unit  (energy  required  to  raise  i  gram  of  water  t°  C.)  =: 
425-5  gramroetres. 

Relation  of  Heat  to  Work. — The  following  example  may  serve  to  illustrate  the  relation 
between  heat-production  and  the  production  of  work :  Suppose  a  small  steam-engine  to  be 
placed  within  a  capacious  calorimeter,  and  a  certain  quantity  of  coal  to  be  burned,  then  as  long 
u  the  engine  does  not  perform  any  mechanical  work,  heat  alone  is  produced  by  the  burning  of 
the  coal.  Let  this  amount  of  heat  be  estimated,  and  a  second  experiment  made  by  burning  the 
tame  amount  of  coal,  but  allow  the  engine  to  do  a  certain  amount  of  work — say,  raise  a  weight 
—by  a  suitable  arrangement.     This  work  must,  of  course,  be  accomplished  by  the  potential 
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energy  of  the  heating  material.  At  the  end  of  this  experiment,  the  temperature  of  the  water 
will  be  much  less  than  in  the  first  experiment,  t .  e.^  fewer  heat-units  have  been  transferred  to  the 
calorimeter  when  the  engine  was  heated  than  when  it  did  no  work.  Comparative  experiments 
of  this  nature  have  shown  that  in  the  second  experiment  the  useful  work  is  very  neariy  pro- 
portional to  the  decrease  of  the  heat  (Hirn). 

Compare  this  with  what  happens  within  the  body :  A  man  in  a  passive 
condition  forms  from  the  potential  energy  of  the  food  between  2^  ^02}% 
million  calories.  The  ^vork  done  by  a  workman  is  reckoned  at  30,000  kilo- 
grammetres  (§  300). 

If  the  organism  were  precisely  similar  to  a  machine,  a  smaller  amount  of  beat, 
corresponding  to  the  work  done,  would  be  formed  in  the  body.  As  a  matter 
of  fact,  the  organism  produces  less  heat  from  the  same  amount  of  potential 
energy  when  mechanical  work  is  done.  There  is  one  point  of  difference  be- 
tween a  workman  and  a  working  machine.  The  workman  consumes  much 
more  potential  energy  in  the  same  time  than  a  passive  person ;  much  more  is 
transformed  in  his  body ;  and  hence  the  increased  consumption  is  not  only  cov- 
ered, but  even  over-compensated.  Hence,  the  workman  is  warmer  than  the 
passive  person,  owing  to  the  increased  muscular  activity  (§  210,  i,  d).  Take 
an  example  :  Hirn  remained  passive,  and  absorbed  30  grms.  O  per  hour  in  a 
calorimeter,  and  produced  155  calories.  When  in  the  calorimeter  he  did  work 
equal  to  27,450  kilogrammetres,  which  was  transferred  beyond  it;  he  absorbed 
132  grms.  O,  and  produced  only  251  calories. 

In  estimating  the  work  done,  we  must  include  only  the  heat-equivalent  of  the  work  transferrec 
beyond  the  body ;  lifting  weights,  pushing  anything,  throwing  a  weight,  and  lifting  the  bodj, 
are  examples.  In  ordinary  walking  we  must  take  into  account  that  we  overcome  the  renstance 
of  the  air  and  activity  of  the  muscles. 

The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same 
amount  of  potential  energy,  produce  more  work  in  proportion  to  heat.  Whilst 
the  very  best  steam-engine  gives  J^  of  the  potential  energy  in  the  form  of 
work,  and  ^  as  heat,  the  body  produces  \  as  work  and  ^  as  heat.  Chemical 
energy  can  never  do  work  alone,  in  a  living  or  dead  motor,  without  heal  being 
formed  at  the  same  time. 

218.  ACCOMMODATION  FOR  VARYINGTEMPERATURES. 

— All  substances  which  possess  high  conductivity  for  heat,  when  brought  into 
contact  with  the  skin,  appear  to  be  very  much  colder  or  hotter  thaui  bad  con- 
ductors of  heat.  The  reason  of  this  is  that  these  bodies  abstract  far  more  beat, 
or  conduct  more  heat  than  other  bodies.  Thus  the  water  of  a  cool  bath,  beiog 
a  better  conductor  of  heat,  is  always  thought  to  be  colder  than  air  at  the  same 
temperature.     In  our  climate  it  appears  to  us  that — 

Air,  at  18^  C.  is  moderately  warm;  Water,  at  18^  C.  is  cold; 

««     at  250-28**  C,  hot;  ««        from  i80-29<>  C  ,  cool ; 

"     above  28®,  very  hot.  "  "     29°-35®  C,  warm ; 

"         "     37*5**  and  above,  hot. 

Warm  Media. — As  long  as  the  temperature  of  the  body  is  higher  than  that 
of  the  surrounding  mediumj  heat  is  given  off,  and  that  the  more  rapidly  the 
better  the  conducting  power  of  the  surrounding  medium.  As  soon  as  the  tem- 
perature of  the  surrounding  medium  rises  higher  than  the  temperature  of  the 
body,  the  latter  absorbs  heat,  and  it  does  so  the  more  rapidly  the  belter  the 
conducting  power  of  the  medium.  Hence  hot  water  appears  to  be  warmer  thar 
air  at  the  same  temperature.  A  person  may  remain  eight  minutes  in  a  bath  a: 
45.5°  C.  (dangerous  to  life !);  the  hands  may  be  plunged  into  water  at  50.5' 
C,  but  not  at  51.65°,  while  at  60°  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  tempera- 
ture of  132*^  C.  has  been  borne  for  ten  minutes,  and  yet  the  body  temperature 
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rises  only  to  38.6®  or  38.9®.  This  depends  upon  the  air  being  a  bad  conductor, 
and  thus  it  gives  less  heat  to  the  body  than  water  would  do.  Further,  and 
what  is  more  important,  the  skin  becomes  covered  with  sweat,  which  evapo- 
rates and  abstracts  heat,  while  the  lungs  also  give  off  more  watery  vapor.  The 
enormously  increased  heart -beats — over  160 — and  the  dilated  blood-vessels , 
enable  the  skin  to  obtain  an  ample  supply  of  blood  for  the  formation  and  evapo- 
ration of  sweat.  In  proportion  as  the  secretion  of  sweat  diminishes,  the  body 
becomes  unable  to  endure  a  hot  atmosphere ;  hence  it  is  that  in  air  containing 
much  watery  vapor  a  person  cannot  endure  nearly  so  high  a  temperature  as  in 
dry  air,  so  that  the  heat  must  accumulate  in  the  body.  In  a  Turkish  vapor- 
bath  of  53®  to  60°  C,  the  rectal  temperature  rises  to  40.7°  or  41.6®  C.  A 
person  may  work  continuously  in  air  at  31°  C.  which  is  almost  saturated  with 
moisture. 

If  a  person  be  placed  in  ^vater  at  the  temperature  of  the  body,  the  normal 
temperature  rises  1°  C.  in  one  hour,  and  in  ij^  hour  about  2®  C.  A  gradual 
increase  of  the  temperature  from  38.6°  to  40. 2®  C.  causes  the  axillary  tempera- 
ture to  rise  to  39.0*'  within  fifteen  minutes. 

219.  STORAGE  OF  HEAT.—As  the  uniform  temperature  of  the  body, 
under  normal  circumstances,  is  due  to  the  reciprocal  relation  between  the 
amount  of  heat  produced  and  the  amount  given  off,  it  is  clear  that  heat  must 
be  stored  up  in  the  body  when  the  evolution  of  heat  is  diminished.  The  skin 
is  the  chief  organ  regulating  the  evolution  of  heat ;  when  it  and  its 
blood-vessels  contract,  the  heat  evolved  is  diminished ;  when  they  dilate,  it  is 
increased.     Heat  may  be  stored  up  when — 

{a)  The  skin  is  extensively  stimulated^  whereby  the  cutaneous  vessels  are  temporarily  con- 
tracted. (3)  Any  other  circumstances  preventing  heat  from  being  given  off  by  the  skin.  U) 
When  the  vaso-motor  centre  is  excited^  causing  all  the  blood  vessels  of  the  body — those  of  toe 
skin  included — to  contract.  This  seems  to  be  the  cause  of  the  rise  of  temperature  after  trans- 
fusion of  blood,  and  the  rise  of  temperature  after  the  sudden  removal  of  water  from  the  body 
seems  to  admit  of  a  similar  explanation,  as  the  inspissated  blood  occupies  less  space,  and  the 
contracted  vessels  of  the  skin  admit  less  blood.  (^)  When  the  circulation  in  the  cutaneous 
vessels  of  a  large  area  is  mechanically  slowed,  or  when  the  smaller  vessels  are  plugged  by  the 
injection  of  some  sticky  substance,  or  by  the  transfusion  of  foreign  blood,  the  temperature  rises 
(i  102). 

It  is  also  obvious  that  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature 
after  muscular  or  mental  exertion,  and  during  digestion,  seems  to  be  caused  in 
this  way.  The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due 
to  the  reflex  excitement  of  the  skin  causing  an  increased  production  {jUrgenseii). 

When  the  temperature  of  the  body,  as  a  whole,  is  raised  6°  C,  death  takes 
place,  as  in  sunstroke.  It  seems  as  if  there  was  a  molecular  decomposition  of 
the  tissues  at  this  temperature ;  while,  if  a  slightly  lower  temperature  be  kept 
up  continuously^  fatty  degeneration  of  many  tissues  occurs  {Litten),  If  animals, 
which  have  been  exposed  artificially  to  a  temp)erature  of  over  42°  to  44°  C,  be 
transferred  to  a  cooler  atmosphere,  their  temperature  becomes  sub-normal 
(36**  C),  and  may  remain  so  for  several  days. 

2ao.  FEVER. — Fever  consists  in  a  •*  disorder  of  the  body  heaty"  and  at  the  same  time  there 
is  greatly  increased  tissue  metabolism  (especially  in  the  muscles).  Of  course  the  mechanism 
regulating  the  balance  of  formation  and  expenditure  of  heat  is  disturbed.  During  fever  the 
body  is  greatly  incapacitated  for  performing  mechanical  work.  It  is  evident,  therefore,  that 
ihe  large  amount  of  potential  energy  transformed  is  almost  all  converted  into  heat,  so  that  the 
non  transformation  of  the  energy  into  mechanical  work  is  another  important  factor.  We  may 
take  intermittent  fever  or  ag^e  as  a  type  of  fever,  in  which  violent  attacks  of  fever  of  several 
hours*  duration  alternate  with  periods  free  from  fever.  This  enables  us  to  analyze  the  symp- 
toms.    The  83rmptoms  of  fever  are : — 

(i)  The  increased  t>odily  temperature  (38®  to  39°  C,  slight;  from   39®  to  41°  C.  and 
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upwards,  severe). — The  high  temperature  occurs  not  only  in  cases  where  the  skin  is  red,  and  has 
a  hot  burning  feeling  ^calor  mordax),  but  even  during  the  rigor  or  the  shivering  stage,  the  tern* 
perature  is  raised.  Tne  congested  red  skin  is  a  good  conductor  of  heat,  while  the  pale  bloodless 
skin  conducts  badly;  hence,  the  former  feeb  hot  to  the  touch  ({  212). 

[The  following  table  in  ^  C.  and  ^  F.  indicates  generally  the  degree  of  fever : — 


35<»  C.  =    95*»  F Collapse. 

36  =    96.8       ....  Low. 

36.5  =    97.7       ....  Sub-normal. 

37  =    98.6       ....  Normal. 

37.5  =    99-4) 

38  =  1004  >►....  Sub.febrile. 
38.5  =  101.3  j 


\^.^'  =  lo^f  ^*  I  Moderate  Fever. 
39.5      =  103. 1         / 

40  =  104 
40.5      =  104.9 

41  =  105.8  Hyperpyretic. 


>  High  fever. 

rpyr 

Fin/aysom,'] 


(2V  The  increased  production  of  heat  is  proved  by  calorimetric  observations.  This  is,  in 
small  part,  due  to  the  increased  activity  of  the  circulation  being  changed  into  heat  (J  206,  2,  a), 
but  for  the  most  part  it  is  due  to  increased  combustion  within  the  body. 

(3)  The  increased  metabolism  gives  rise  to  the  *<  consuming  *'  or  **  wasting  "  character  of 
fever,  which  was  known  to  Hippocrates  and  Galen.  In  1852  v.  BSrensprung  asserted  that  **  all 
the  so-called  febrile  symptoms  show  that  the  metabolism  is  increased.**  The  increase  of  the 
metabolism  is  shown  in  the  increased  excretion  of  CO,  =  70  to  80  per  cent.,  while  more  O  is 
consumed,  although  the  respiratory  quotient  remains  the  same.  According  to  D.  Finkler,  the 
CO,  excreted  shows  greater  variations  than  the  O  consumed.  The  excretion  of  urea  is  increased 
W  to  ^.  In  dogs  suffering  from  septic  fever,  Naunyn  observed  that  the  urea  began  to  increase 
Defore  the  temperature  rose.  **prefedriie  rise."  Part  of  the  urea,  however,  is  sometimes  retained 
during  the  fever,  and  appears  after  the  fever  is  over,  "  epicritical  excretion  of  urea."  The  urit 
acid  is  also  increased ;  the  urine  pigment  (\  19),  derived  from  the  haemoglobin,  may  be  increased 
twenty  times,  while  the  excretion  of  potash  may  be  seven-fold.  It  is  important  to  observe  that 
the  oxidation  or  combustion  processes  within  the  body  of  the  fever- patient  are  greatly  increased 
when  he  is  placed  in  a  warmer  atmosphere.  The  oxidation  processes  in  fever,  however,  are 
also  increased  under  the  influence  of  cooler  surroundings  ({  213, 1,  2),  but  the  increase  of  the 
oxidation  in  a  warm  medium  is  very  much  greater  than  in  the  cold  {D.  Finkier).  The  amount 
of  CO,  in  the  blood  is  diminished,  but  not  at  once  after  the  onset  even  of  a  very  severe  fever 
(Geppert). 

(4)  The  diminished  excretion  of  heat  varies  in  different  stages  of  a  fever.  We  distinguish 
several  stages  in  a  fever — (a)  The  cold  stage,  when  the  loss  of  heat  is  greatly  diminished 
owing  to  the  pale  bloodless  skin,  but  at  the  same  time  the  heat-production  is  increased  i  >^  to  2  ;^ 
times.  The  sudden  and  considerable  rise  of  the  temperature  during  this  stage  shows  that  the 
diminished  excretion  of  heat  is  not  the  only  cause  of  the  rise  of  the  temperature,  {b)  During 
the  hot  stage  the  heat  given  off  from  the  congested  red  skin  is  greatly  increased^  but  at  the 
same  time  more  heat  is  produced.  Liebermeister  assumes  that  a  rise  of  I,  2,  3,  4^  C.  corresponds 
to  an  increased  production  of  heat  of  6,  12,  18,  24  per  cent,  (c)  In  the  sweating  stage  ihe 
excretion  of  heat  through  the  red  moist  skin  and  evaporation  are  greatest,  more  than  two  or 
three  times  the  normal.  The  heat-production  is  either  increased,  normal,  or  sub-normal,  so  that 
under  these  conditions  the  temperature  may  also  be  sub-normal  (36^  C). 

(5)  The  heat-regelating  mechanism  is  injured. — A  warm  temperature  of  the  surroand- 
ings  raises  the  temperature  of  the  fever-patient  more  than  it  does  that  of  a  non-febrile  person. 
The  depression  of  the  heat-production,  which  enables  normal  animals  to  maintain  their  normal 
temperature  in  a  warm  medium  (J  214),  is  much  less  in  fever  (Z>.  Finkler). 

The  accessory  phenomena  of  fever  are  very  important:  Increase  in  the  intensity  and 
number  of  the  heart-beats  (J  214,  II.,  2)  and  respirations  (in  adults  40,  and  children  60  per 
min.)  both  being  compensatory  phenomena  of  the  increased  temperature;  further,  diminished 
digestive  activity  and  intestinal  movements  (J  186,  D) ;  disturbances  of  the  cerebral  activities; 
of  secretion;  of  muscular  activity;  slower  excretion,  ^. ^.,  of  potassium  iodide  through  the 
urine.  In  severe  fever,  molecular  degenerations  of  the  tissues  are  very  common.  For  the  con- 
dition of  the  blood-corpuscles  in  fever,  see  \  10,  the  vascular  tension  {  69,  the  saliva,  {  146, 
digestion,  \  186. 

Quinine,  the  mo!^t  important  febrifuge,  causes  a  decrease  of  the  temperature  by  limiting  the 
production  of  heat  (^  213,  6).  Toxic  doses  of  the  metallic  salts  act  in  the  same  way,  while  there 
is  at  the  same  time  diminished  formation  of  CO,  [Antipyretics  or  Febrifuges. — All  methods 
which  diminish  abnormal  temperature  belong  to  this  group.  As  the  constant  temperature  of  the 
body  depends  on  f  i)  the  amount  of  heat-production,  and  (2)  the  loss  of  heat,  we  may  lower 
the  temperature  eiiner  in  the  one  way  or  the  other.  When  cold  water  is  applied  to  the  body,  it 
abstracts  heat,  /.  ^.,  it  affects  the  results  of  fever,  so  that  Liebermeister  calls  such  methods 
antithermic.  But  those  remedies  which  diminish  the  actual  heat-production  are  true  anti- 
pjrretics.  In  practice,  however,  both  methods  are  usually  employed,  and  spoken  of  collectively 
as  antipyretic] 
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[Amongst  the  methods  which  are  used  to  abstract  heat  from  the  body  are  the  application  of 
colder  fluids,  such  as  the  cold  bath,  diffusion,  douche,  spray,  ice,  or  cold  mixtures,  etc.  A  person 
suffering  from  high  fever  requires  to  be  repeatedly  placed  in  a  cold  bath  to  produce  any  per- 
manent reduction  of  the  temperature.  Some  remedies  act  by  favoring  the  radiation  of  heat,  by 
dilating  the  cutaneous  vessels  (alcohol),  while  others  excite  the  sweat-glands — i.  e.^  are  stidorifics 
— so  that  the  water  by  its  evaporation  removes  sotne  heat.  Amongst  the  drugs  which  influence 
tissue  changes  and  oxidation,  and  thereby  lessen  heat-production,  are  quinine,  salicylic  acid, 
some  of  the  salicylates,  digitalb,  and  veratrin.  Blood-letting  was  formerly  used  to  diminish 
abnormal  temperature.  Amongst  the  newer  antipyretic  remedies  are  hydrochlorate  of  kairin 
and  antipyrin,  both  of  which  belong  to  the  aromatic  group  (derivatives  of  benzol),  which  in- 
eludes  also  many  of  our  best  antiseptics.] 

221.  ARTIFICIAL  INCREASE  OF  THE  BODILY  TEM- 
PERATURE.— If  mammals  are  kept  constantly  in  air  at  40°  C,  the  ex- 
cretion of  heat  from  the  body  ceases,  so  that  the  heat  produced  is  stored  up. 
At  first  the  temperature  falls  somewhat  for  a  very  short  time,  but  soon  a  decided 
increase  occurs.  The  respirations  and  pulse  are  increased,  while  the  latter 
becomes  irregular  and  weaker.  The  O  absorbed  and  COj  given  off  are  dimin- 
ished after  six  to  eight  hours,  and  death  occurs  after  great  fatigue,  feebleness, 
spasms,  secretion  of  saliva,  and  loss  of  consciousness,  when  the  bodily  tem- 
]>erature  has  been  increased  4°  or  at  most  6®  C.  Death  does  not  take  place 
owing  to  rigidity  of  the  muscles,  for  the  coagulation  of  the  myosin  of  mammals' 
muscles  occurs  at  49°  to  50°  C,  in  birds  at  53°  C,  and  in  frogs  at  40°  C.  If 
mammals  are  suddenly  placed  in  air  at  100°  C,  death  occurs  (in  15  to  20  min.) 
very  rapidly,  and  with  the  same  phenomena,  while  the  bodily  temperature  rises 
4**  to  5°  C.  In  rabbits  the  body-weight  diminishes  i  grm.  per  min.  Birds 
bear  a  high  temperature  somewhat  longer  ;  they  die  when  their  blood  reaches 
48''  to  50*^  C. 

Even  man  may  remain  for  some  time  in  air  at  100-110-132°  C,  but  in  ten 
to  fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and 
red  ;  a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller 
and  redder.  The  pulse  and  respirations  are  greatly  accelerated.  Violent  head- 
ache, vertigo,  feebleness,  and  stupefaction,  indicate  great  danger  to  life.  The 
rectal  temperature  is  only  i**  to  2°  C.  higher.  The  high  temperature  of  fever 
may  even  be  dangerous  to  human  life.  If  the  temperature  remains  for  any 
length  of  time  at  42.5°  C,  death  is  almost  certain  to  occur.  Coagulation  of 
the  blood  in  the  arteries  is  said  to  occur  at  42.6°  C.  If  the  artificial  heating 
iioes  not  produce  deaths  fatty  infiltration  and  degeneration  of  the  liver,  heart, 
kidneys,  and  muscles  begin  after  thirty-six  to  forty-eight  hours. 

Cold-blooded  animals,  if  placed  in  hot  air  or  warm  water,  soon  have  their  temperature 
raised  6  to  10°  C.  The  highest  temperature  compatible  with  life  in  a  frog  must  be  below  40®  C, 
as  the  frog's  heart  and  muscles  beg^in  to  coagulate  at  this  temperature.  Death  is  preceded  by  a 
stage  resembling  death,  during  which  life  may  be  saved. 

Most  of  the  juicy  plants  die  in  half  an  hour  in  air  at  52^  C,  or  in  hot  water  at  46^  C.  (Sachs), 
Dried  seeds  of  com  may  still  germinate  after  long  exposure  to  air  at  120^  C.  Lowly  organized 
plants,  such  as  algae,  may  live  in  water  at  60^  C.  (Hoppe-Seyler).  Several  bacteria  whhstand  a 
boiling  temperature  ( Tyndall). 

aaa.  EMPLOYMENT  OF  HEAT.— Action  of  Heat.— The  short,  but  not  intense, 
action  of  heat  on.  the  surface  causes,  in  the  6rst  place,  a  transient  slight  decrease  of  the  bodily 
temperature,  partly  because  it  retards  reflexly  the  production  of  heat,  and  partly  because,  owing 
to  the  dilatation  of  the  cutaneous  vessels  and  the  stretching  of  the  skin,  more  heat  is  given  off. 
A  warm  bath  above  the  temperature  of  the  blood  at  once  increases  the  bodily  temperature. 

Therapeutic  Uses. — The  application  of  heat  to  the  entire  body  is  used  where  the  bodily 
temperature  has  fallen,  or  is  likely  to  fall,  very  low,  as  in  the  algid  stage  of  cholera,  and  in 
infants  bom  prematurely.  TYk^  general  application  of  heat  is  obtained  by  use  of  warm  baths, 
packing,  vapor  baths,  and  the  copious  use  of  hot  drinks.  The  local  application  of  heat  is 
obtain^  by  the  use  of  warm  wrappings,  partial  baths,  plunging  the  parts  in  warm  earth  or  sand, 
or  placing  wounded  parts  in  chambers  filled  with  heated  air.     After  removal  of  the  heating 
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agent,  care  must  be  taken  to  prevent  a  great  escape  of  heat  due  to  the  dilatation  of  the 
blood  •vessels. 

223.  INCREASE  OP  TEMPERATURE  POST-MORTEM.— Phenomena.— Hei- 
denbain  found  that  in  a  dead  dog,  before  the  body  cooled,  there  was  a  constant  temporary  rise  of 
the  temperature,  which  slightly  exceeded  the  normal.  The  same  observation  bad  been  occa- 
sionally made  on  human  bodies  immediately  after  death,  especially  when  death  was  preceded  by 
muscular  spasms  [also  in  yellow  fever].  Thus  Wunderlich measured  the  temperature  fifty-tevca 
minutes  after  death  in  a  case  of  tetanus,  and  found  it  to  be  45.375°  C 

Causes. — (i)  A  temporary  increased  production  of  heat  after  deaths  due  chiefly  to  the  change 
of  the  semi-solid  myosin  of  the  muscles  into  a  solid  form  (rigor  m'^rtis).  As  the  muscle  coagu- 
lates, heat  is  produced.  All  conditions  which  cause  rapid  and  intense  coagulation  of  the 
muscles — e.g.^  spasms — favor  ti  post-mortem  rise  of  temperature  (see  {  295) ;  a  rapid  coagalati<si 
of  the  blood  has  a  similar  result  ({  28,  5). 

(2)  Immediately  after  death  a  series  of  chemical  processes  occur  within  the  body,  wherdiy  beat 
is  produced.  Valentin  placed  a  dead  rabbit  in  a  chamber,  so  that  no  heat  could  be  given  off 
from  the  body,  and  he  found  that  the  internal  temperature  of  the  animaPs  body  was  increased. 
The  processes  which  cause  a  rise  of  temperature  post-mortem  are  more  active  during  the  iaa. 
than  the  second  hour;  and  the  higher  the  temperature  at  the  moment  of  death,  the  greater  b 
the  amount  of  heat  evolved  after  death. 

(3)  Another  cause  is  the  diminished  excretion  of  heat  post-mortem.  After  the  circulation  is 
abolished,  within  a  few  minutes  little  heat  is  given  off  from  the  surface  of  the  body,  as  rapid 
excretion  implies  that  the  cutaneous  vessels  must  be  continually  filled  with  warm  l^ood. 

224.  ACTION  OF  COLD  ON  THE  BODY.— Phenomena.— A 

short  temporary  slight  cooling  of  the  skin  (removing  one's  clothes  in  a  cool 
room,  a  cool  bath  for  a  short  time,  or  a  cool  douche)  causes  either  no  change 
or  a  slight  rise  in  the  bodily  temperature.  The  slight  rise  when  it  occurs  is 
due  to  the  stimulation  of  the  skin,  causing  reflexly  a  more  rapid  molecular 
transformation,  and  therefore  a  greater  production  of  heat,  while  the  amouni 
of  heat  given  off  is  diminished  owing  to  contraction  of  the  small  cutaneous  ves- 
sels and  the  skin  itself  {Liebermeister),  The  continuous  and  intense  applica- 
tion of  cold  causes  a  decrease  of  the  temperature,  chiefly  by  conduction,  notwith- 
standing that  at  the  same  time  there  is  a  greater  production  of  heat.  After  a 
cold  bath  the  temperature  may  be  34°,  32**,  and  even  30°. 

As  an  after-effect  of  the  great  abstraction  of  heat,  the  temperature  of  the 
body  after  a  time  remains  lower  than  it  was  before  (J* primary  after-effect^* — 
Liebermeister)  \  thus  after  an  hour  it  was  0.22*^  C.  less  in  the  rectum.  There  is 
a  ^^ secondary  after-effect^'*  which  occurs  after  the  first  after-effect  is  over,  wheo 
the  temperature  rises  {Jiirgensen),  This  effect  begins  five  to  eight  hours  after 
a  cold  bath,  and  is  equal  to  +  0.2°  C.  in  the  rectum.  Hoppe-Seyler  found  that 
some  time  after  the  application  of  heat  there  was  a  corresponding  lowering  of 
the  temperature. 

Taking  Cold. — If  a  rabhit  be  taken  from  a  surrounding  temperature  of  35^  C,  and  snddeBhr 
cooled,  it  shivers,  and  there  may  be  diarrhoea.  After  two  days  the  temperature  rises  1.5^  C, 
and  albuminuria  occurs.  There  are  microscopic  traces  of  interstitial  inflammatioD  id  the 
kidneys,  liver,  lungs,  heart,  and  nerve -sheaths,  the  dilated  arteries  of  the  liver  and  long  coo- 
tain  thrombi,  and  in  the  neighborhood  of  the  veins  are  accumulations  of  leucocytes.  In  prfg 
nant  animals,  the  fcetus  shows  the  same  conditions.  Perhaps  the  greatly  Cooled  blood  acts  *s 
an  irritant  causing  inflammation. 

Action  of  Frost. — The  continued  application  of  a  high  degree  of  cold  causes  at  first  cootzmc* 
tion  of  the  blood-vessels  of  the  skin  and  its  muscles,  so  that  it  becomes  pale.  If  coDtioued, 
paralysis  of  the  cutaneous  vessels  occurs,  the  skin  becomes  red  owing  to  oongestioo  of  its 
vessels.  As  the  passage  of  fluids  through  the  capillaries  is  rendered  more  difllicult  by  the  cold, 
the  blood  stagnates,  and  the  skin  assumes  a  livid  appearance^  as  the  O  is  almost  completelT 
used  up.  Thus  the.  peripheral  circulation  is  slowed.  If  the  action  of  the  cold  be  still  more 
intense,  the  peripheral  circulation  stops  completely,  especially  in  the  thinnest  and  most  exposed 
organs — ears,  nose,  toes,  and  fingers.  The  sensory  nerves  are  paralyzed,  so  that  there  is  nimb- 
ness  with  loss  of  semibility,  and  the  parts  may  even  be  frozen  through  and  through.  As  the 
slowing  of  the  circulation  in  the  superficial  vessels  gradually  affects  other  areas  of  the  circBb- 
tion,  the  pulmonary  circulation  is  enfeebled,  and  diminished  oxidation  of  the  blood  ocean. 
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notwithstanding  the  greater  amount  of  O  in  the  cold  air,  so  that  the  nerve  centres  are  affected. 
Hence  arise  great  dislike  to  making  movements  or  any  muscular  efibrt,  a  painful  sensation  of 
fitigne,  a  peculiar  and  almost  irresistible  desire  to  sleep,  cerebral  inactivity,  blunting  of  the 
sense-oi^ans,  and  lastly,  coma.  The  blood  freezes  at  — 3.9®  C,  while  the  juices  of  the  super- 
ficial parts  freeze  sooner.  Too  rapid  movements  of  the  frost-bitten  parts  ought  to  be  avoided. 
Rubbing  with  snow,  and  the  very  gradual  application  of  heat,  produce  the  best  results.  Partial 
death  of  a  part  is  not  unfrequently  produced  by  the  prolonged  action  of  cold. 

225.  ARTIFICIAL  LOWBRING  OF  THE  TEMPERATURE.— 
Phenomena. — The  artificial  cooling  of  wann-blooded  animals,  by  placing 
them  in  cold  air  or  in  a  freezing  mixture,  gives  rise  to  a  series  of  characteristic 
phenomena.  If  the  animals  (rabbits)  are  cooled  so  that  the  temperature 
(rectum)  falls  to  18®,  they  suffer  great  depression,  without,  however,  the  volun- 
tary or  reflex  movements  being  abolished.  The ^u/se  falls  from  100  or  150  to 
20  beats  per  minute,  and  the  blood-pressure  falls  to  several  millimetres  of  Hg. 
The  respirations  are  few  and  shallow.  Suffocation  does  not  cause  spasms,  the 
secretion  of  urine  stops,  and  the  liver  is  congested.  The  animal  may  remain 
for  twelve  hours  in  this  condition,  and  when  the  muscles  and  nerves  show  signs 
of  paralysis,  coagulation  of  the  blood  occurs  after  numerous  blood-corpuscles 
have  been  destroyed.  The  retina  becomes  pale,  and  death  occurs  with  spasms 
and  the  signs  of  asphyxia.  If  the  bodily  temperature  be  reduced  to  17^  and 
under,  the  voluntary  movements  cease  before  the  reflex  acts.  An  animal  cooled 
to  18^  C,  and  left  to  itself,  at  the  same  temperature  as  the  surroundings,  does 
not  recover  of  itself,  but  if  artificial  respiration  be  employed,  the  temf>erature 
rises  10°  C.  If  this  be  combined  with  the  application  of  external  warmth,  the 
animals  may  recover  completely,  even  when  they  have  been  apparently  dead 
for  forty  minutes.  Walther  cooled  adult  animals  to  9^  C,  and  recovered  them 
by  artificial  respiration  and  external  warmth ;  while  Horvath  cooled  young 
animals  to  5^  C.  Mammals,  which  are  bom  blind,  and  birds  which  come  out 
of  the  t%'g  devoid  of  feathers,  cool  more  rapidly  than  others.  Morphia,  and 
more  so,  alcohol,  accelerate  the  cooling  of  mammals,  at  the  same  time  the 
exchange  of  gases  falls  considerably  ;  hence,  drunk  men  are  more  liable  to  die 
when  exposed  to  cold. 

Artificial  Cold-blooded  Condition. — CI.  Bernard  made  the  important 
observation  that  the  muscles  of  animals  that  had  been  cooled  remained  irri- 
table for  a  long  time  to  direct  stimuli  as  well  as  to  stimuli  applied  to  their  nerves  ; 
and  the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  O.  An 
**  artificial  cold-blooded  condition t^^  i,  e,y  a  condition  in  which  warm-blooded 
animals  have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability, 
may  also  be  caused  in  warm-blooded  animals,  by  dividing  the  cervical  spinal 
cord  and  keeping  up  artificial  respiration ;  further,  by  moistening  the  peri- 
toneum with  a  cool  solution  of  common  salt. 

Hibernation  presents  a  series  of  similar  phenomena.  Valentin  found  that  hibernating 
animals  become  half  awake  when  their  bodily  temperature  is  28°  C;  at  iS**  C.  they  are  in  a 
somnolent  condition,  at  6^  they  are  in  a  gentle  sleep,  and  at  1 .6°  C.  in  a  deep  sleep.  The  heart- 
beats and  the  blood  pressure  fall,  the  former  to  8  to  lo  per  minute.  The  respiratory,  urinary, 
and  intestinal  movements  cease  completely,  and  the  cardio- pneumatic  movement  alone  sustains 
the  slight  exchange  of  gases  in  the  lungs  ({  59).  They  cannot  endure  cooling  to  0**  C,  and 
awake  beibre  the  temperature  falls  so  low.  Hibernating  animals  may  be  cooled  to  a  greater 
degree  than  other  mammals ;  they  give  off  heat  rapidly,  and  they  become  warm  again  rapidly, 
and  even  spontaneously.  New*born  mammals  resemble  hibernating  .animals  more  closely  in 
this  respect  than  do  adults. 

Cold-blooded  animals  may  be  cooled  to  0**.  Even  when  the  blood  has  been  frozen  and  ice 
formed  in  the  lymph  of  the  peritoneal  cavity,  frogs  may  recover.  In  this  condition  they  appear 
to  be  dead,  but  when  placed  in  a  warm  medium  they  soon  recover.  A  frog's  muscle  so  cooled 
will  contract  again.  The  germs  and  ova  of  lower  animals,  e.g.^  insects'  eggs,  survive  continued 
firost ;  and  if  the  cold  be  moderate,  it  merely  retards  development.  Bacteria,  e.  g.^  Bacillus 
anthracis,  survive  atemperatLre  of  —  130°  C. ;  yeast,  even  —  100°  C. 
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Varnishing  the  skin  causes  a  series  of  similar  phenomena.  The  varnished  skin  gives  dS  t 
large  amount  of  heat  by  radiation,  and  sometimes  the  cutaneous  vessels  are  greatly  dilated. 
Hence  the  animals  cool  rapidly  and  die,  although  the  consumption  of  O  is  'not  diminished.  If 
cooling  be.  prevented  by  warming  them  and  keeping  them  in  warm  wool,  the  animals  live  for  a 
longer  time.  The  blood  post-mortem  does  not  contain  any  poisonous  substances,  nor  even  are 
any  materials  retained  in  the  blood  which  can  cause  death,  for  if  the  blood  be  injected  into  other 
animals,  these  remain  healthy. 

226.  EMPLOYMENT  OP  COLD.—Cold  may  be  applied  to  the  whole  or  part  of  the 
surface  of  the  body  in  the  following  conditions : — 

(a)  By  placing  the  body  for  a  time  in  a  cold  bath  to  abstract  as  much  heat  as  possible,  when 
the  bodily  temperature  in  fever  rises  so  high  as  to  be  dangerous  to  life.  This  result  is  best 
accomplished  and  lasts  longest  when  the  bath  is  gradually  cooled  from  a  moderate  temperature. 
If  the  body  be  placed  at  once  in  cold  water,  the  cutaneous  vessels  contract,  the  skin  becones 
bloodless,  and  thus  obstacles  are  placed  in  the  way  of  the  excretion  of  heat.  A  bath  gradaallT 
cooled  in  this  way  is  borne  longer.  The  addition  of  stimulating  substances,  e.  g.,  salts,  which 
cause  dilation  of  the  cutaneous  vessels,  facilitates  the  excretion  of  heat;  even  salt  water 
conducts  heat  better.  If  alcohol  be  given  internally  at  the  same  time  it  lowers  the 
temperature. 

{h)  Cold  may  be  applied  locally  by  means  of  ice  in  a  bag,  which  causes  contraction  of  the 
cutaneous  vessels  and  contraction  of  the  tissues  (as  in  inflammation),  while  at  the  same  time 
heat  is  abstracted  locally. 

(c)  Heat  may  be  abstracted  locally  by  the  rapid  evaporation  of  volatile  substances  (ether, 
carbon  disulphide),  which  causes  numbness  of  the  sensory  nerves.  The  introduction  of  media 
of  low  temperature  into  the  body,  respiring  cool  air,  taking  cold  drinks,  and  the  injectioo  of 
cold  fluids  into  the  intestine  act  locally,  and  also  produce  «  more  general  action.  In  inlying 
cold  it  is  important  to  notice  that  the  initial  contraction  of  the  vessels  and  the  contraction  of 
the  tissues  are  followed  by  a  greater  dilatation  and  turgescence,  (.  /.,  by  a  healthy  reaction. 

227.  HEAT  OF  INFLAMED  PARTS.—"  Calor,"  or  heat,  is  reckoned  one  of  the 
fundamental  phenomena  of  inflammation,  in  addition  to  rubor  (redness),  tumor  (swelling), 
and  dolor  (pain).  But  the  apparent  increase  in  the  heat  of  the  inflamed  parts  is  not  above  the 
temperature  of  the  blood.  Simon,  in  i860,  asserted  that  the  arterial  blood  flowing  to  an  in- 
flamed part  was  cooler  than  the  part  itself,  but  this  has  been  contradicted.  The  outer  parts  of 
the  skin  in  an  inflamed  part  are  warmer  than  usual,  owing  to  the  dilatation  of  the  vessels  (rubor) 
and  the  consequent  acceleration  of  the  blood-stream  in  the  inflamed  part,  and,  owing  to  the 
swelling  (tumor),  from  the  presence  of  good  heat-conducting  fluids;  but  the  heat  is  not  greater 
than  the  heat  of  the  blood.  It  -is  not  proved  that  an  increased  amount  of  heat  is  prcduced 
owing  to  increased  molecular  decompositions  within  an  inflamed  part. 

228.  HISTORICAL  AND  COMPARATIVE.— According  to  Aristotle,  the  heart  pre- 
pares the  heat  within  itself,  and  sends  it  along  with  the  blood  to  all  parts  of  the  body.  This 
doctrine  prevailed  in  the  time  of  Hippocrates  and  Galen,  and  occurs  even  in  Cartesius  and 
Bartholinus  (1667,  "  flammula  cordis").  The  iatro-mechanical  school  (Boerhavt^  »« 
Swieten)  ascribed  the  heat  to  the  friction  of  the  blood  on  the  walls  of  the  vessels.  The  iatro- 
chemical  school,  on  the  other  hand,  sought  the  source  of  heat  in  the  fermentations  that  arose 
from  the  passage  of  the  absorbed  substances  into  the  blood  {van  Helmont^  Sylvius^  E(tmulUr\ 
Lavoisier  (1777)  was  the  flrst  to  ascribe  the  heat  to  the  combustion  of  carbon  in  the  lungs. 
After  the  construction  of  the  thermometer  by  Galileo,  Sanctorius  (1626)  made  the  first  tfacr- 
mometric  observations  on  sick  persons,  while  the  first  calorimetric  observations  were  made  by 
Lavoisier  and  Laplace.  Comparative  observations  are  given  at  {  207,  and  also  under  Hiber- 
nation (^  225). 


« 

Physiology  of  the  Metabolic  Phenomena,  etc. 


By  the  term  metabolism  we  mean  those  phenomena,  whereby  all — even 
the  most  lowly — living  organisms  are  capable  of  incorporating  the  substances 
obtained  from  their  food  into  their  tissues,  and  making  them  an  integral  part 
of  their  own  bodies.  This  part  of  the  process  is  known  as  assimilation. 
Further,  the  organism  in  virtue  of  its  metabolism  forms  a  store  of  potential 
energy,  which  it  can  transform  into  kinetic  energy,  and  which,  in  the  higher 
animals  at  least,  app>ears  most  obvious  in  the  form  of  muscular  work  and  heat. 
The  changes  of  the  constituents  of  the  tissues,  by  which  these  trans- 
formations of  the  potential  energy  are  accompanied,  result  in  the  formation  of 
excretory  products,  which  is  another  part  of  the  process  of  metabolism. 
The  normal  metabolism  requires  the  supply  of  food  quantitatively  and  qualita- 
tively of  the  proper  kind,  the  laying  up  of  this  food  within  the  body,  a  regular 
chemical  transformation  of  the  tissues,  and  the  formation  of  the  effete  products 
which  have  to  be  given  out  through  the  excretory  organs.  [Synthetic  or  con- 
structive metabolism  is  spoken  of  as  anabolic,  and  destructive  or  analytical 
metabolism  as  katabolic,  metabolism.] 

[The  human  organism  is  continually  giving  off  daily,  z.  ^.,  daily  losses  : — 

By  the  lungs  :  carbon  dioxide  and  watery  vapor. 

By  the  kidneys  :  water,  urea,  uric  acid,  etc.,  and  salts. 

By  the  skin  :  water,  and  a.  small  quantity  of  COt  and  fatty  matter. 

By  the  bowel :  water,  insoluble  salts  and  residues  of  food,  etc. 

From  the  surfaces  of  the  body  are  given  off  a  small  quantity  of  epithelium 
and  mucus,  and,  under  certain  conditions,  the  products  of  the  secretion  of  the 
mammary  glands  and  testes. 

The  organism  takes  in  daily  a  certain  amount  of  matter,  /.  ^.,  daily  gains. 

By  the  lungs  :  oxygen. 

By  the  digestive  tract,  /.  ^.,  food :  water,  salts,  proteids,  carbohy- 
drates and  fats. 

When  the  income  exactly  equals  the  expenditure,  /'.  e,,  quantitatively,  the 
animal  is  said  to  be  in  equilibrium.] 

[We  have  discussed  the  daily  income  and  expenditure  of  the  body  from  the 
quantitative  side,  but  when  we  compare  these  qualitatively  we  find  that  there 
is  a  great  difference  between  what  we  take  in  as  food  and  give  off  as  excretions. 
Setting  aside  the  water  and  salts  taken  in  with  the  food — for  they  are  excreted 
nearly  unchanged — our  food  consists  of  highly  complex  organic,  and  but 
slightly  oxidized  bodies — proteids,  fats,  and  carbohydrates;  while  the 
excreta,  on  the  other  hand,  are  such  simple  bodies  as  carbon  dioxide  (CO,), 
water,  and  urea,  the  last  of  which  readily  splits  up  into  carbon  dioxide  and 
ammonia.  We  have  seen  that  a  supply  of  oxygen  is  absolutely  necessary  for 
life,  and  that  it  is  taken  in  by  the  respiratory  processes,  and  carried  to  the  tis- 
sues by  the  haemoglobin  of  the  red  blood-corpuscles.  In  the  capillaries  these 
give  up  their  oxygen  to  the  tissues,  and  we  have  seen  good  reasons  for  believing 
that  the  oxygen  is  used  up  in  the  tissues  themselves — oxidation-processes — 
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and  that  there  also  carbon  dioxide  is  formed  (§  131),  constituting  the  so- 
called  **  inner  respiration."  In  the  tissues  and  organs  the  nutrient  organic 
substances  are  more  and  more  oxidized,  until  the  final  products,  water,  carbon 
dioxide,  and  urea  are  reached.  All  this  takes  place  through  and  by  the  activity 
of  the  living  cellular  elements  of  the  tissues.  The  cellular  elements  of  each 
organ  or  tissue  select  from  the  lymph  the  materials  they  require,  but  it  is  evi- 
dent that  the  process  of  oxidation  in  the  tissues  is  not  determined  solely  by 
their  affinity  for  oxygen,  for  the  fats  which  are  oxidized  with  difficulty  are 
completely  decomposed  in  the  body  into  CO,  and  HjO.  Again,  such  easily 
oxidizable  substances  as  uric  acid  occur  in  the  body,  while  some  substances 
which  are  greedy  of  oxygen,  e.g.,  pyrocatechin,  pass  into  the  urine  unchanged.] 

[But  we  have  every  reason  to  believe  that  reduction-processes  also  take 
place  in  the  organism,  although  they  are  far  less  than  the  oxidation-processes. 
When  we  group  the  various  chemical  processes  taking  place  in  the  body,  they 
are  by  no  means  all  simple  processes  of  oxidation  ;  we  have  dissociation,  or 
the  separation  of  a  complex  body  into  its  components,  taking  place,  as  in  the 
separation  of  HbOa  into  Hb  and  O.  The  decomposition  may  be  either  of  a 
simple  nature,  /'.  r.,  without  the  addition  of  any  new  element, — /.  ^.,  simple 
decomposition, — or  a  molecule  of  water  may  be  taken  up,  constituiing 
hydrolytic  decomposition,  or  oxygen  may  be  combined  with  it,  constituting 
what  we  know  as  oxidation.  In  addition,  various  synthetic  and  redaction- 
processes  may  take  place;  so  that  it  is  plain  that  decomposition  and  oxidation- 
processes  go  on  together  in  the  organism.] 

[When  we  compare  the  complex  proteid  with  what  represents  it  chiefly  in  the 
excreta — viz.,  urea — one  is  not  to  assume  that  urea  is  formed  directly  from 
the  proteid.  There  is  reason  to  believe  that  in  the  process  of  katabolism  there 
are  a  large  number  of  intermediate  less  highly  oxidized  bodies  formed  before  the 
final  stage  of  urea  is  reached.  We  are  but  imperfectly  acquainted  with  these. 
The  following  represents  some  of  these  bodies,  as  far  as  their  ratio  of  C  and  N 
are  concerned,  but  one  is  not  to  assume  that  they  are  all  precursors  of  urea. 

Albumin  contains  i  atom  N  to  4     C 

Glutin  .,         I  „      1% 

Glycin  u         '  .,2 


Kreatin  and  Kreatinin       <,         '  t.       '  Vi  «« 


IJricacid  ..        i   .         ..       IX  .« 

AUantoin  ^^         i  «»       '      ». 

tJrea  ..I  u        %  u 

In  proportion  as  the  members  of  this  group  become  poorer  in  C,  they  become 
richer  in  N,  and  also  in  O.] 

[Of  the  numerous  intermediate  bodies — the  products  of  the  retrogressive 
metabolism  of  the  tissues — we  know  much  too  little  to  be  able  to  state  definitely 
what  are  the  immediate  precursors  of  urea.  Perhaps  leucin,  glycocoU  or  glycin, 
asparagin  and  ammonia  salts  are  precursors  of  urea ;  at  least  when  given  to  an 
animal  they  reappear  as  urea.  These  bodies,  as  we  have  seen,  are  formed  in 
the  small  intestine,  and  it  is  supposed  that  they  are  changed  into  urea  in  the 
liver  (§  256).] 

[As  albumin  contains  i  atom  N  to  4  C  and  urea  i  N  to  j4  C,  it  is  evident 
that  in  the  decomposition  of  a  proteid  a  non-nitrogenous  residue  must  be  set 
free,  and  doubtless  it  also  forms  a  series  of  intermediate  bodies,  each  of  which 
step  by  step  gains  more  O,  and  contains  less  C,  until  it  is  finally  excreted  as 
CO,  and  H2O.  If,  however,  the  amount  of  this  non-nitrogenous  residue  be 
greater  than  can  be  decomposed  in  the  body,  there  is  reason  to  believe  that  it 
may  be  stored  up  in  the  form  of  fat  (§  241).] 

[The  changes  undergone  by  the  carbohydrates  are  much  simpler.  Fint 
the  starches  are  changed  into  sugar  in  the  mouth  and  intestine,  and  sugar  formed 
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in  the  intestine  enters  the  blood  for  the  most  part  as  such.  In  the  liver  it  is 
dehydrated  and  glycogen  is  formed,  but  this  again  slowly  enters  the  blood- 
stream as  sugar.  It  is  then  comparatively  rapidly  oxidized  into  CO,  and  H,0. 
What  the  intermediate  products  are  is  uncertain.  If  the  sugar  be  in  excess  of 
the  needs  of  the  economy  it  is  supposed  that  it  may  be  stored  up  as  fat  (§  241).] 

[The  fats,  although  they  are  decomposed  with  difficulty  by  oxidizing  agents, 
are  yet  rapidly  and  completely  split  up  in  the  organism  into  CO,  and  H,0. 
The  oxidation  does  not  seem  to  be  a  direct  process,  but  a  number  of  interme- 
diate bodies  seem  to  be  formed.  We  have  in  the  body  examples  of  the  series 
of  fatty  acids  with  the  formula  CoHjnOj  (formic,  acetic,  propionic  acid,  etc.) 
so  that  they  are  probably  intermediate  bodies.  When  fat  is  taken  in  excess  it 
is  not  necessarily  stored  up  in  the  body  ;  in  fact,  there  is  reason  to  believe  that 
fat  in  the  body  is  chiefly  formed  from  proteids  (§  241).] 

[Amongst  the  oxidation  processes  may  be  classified  the  formation  of  sul- 
phuric acid.  The  sulphur  contained  in  the  proteid  molecule  is  oxidized,  and 
appears  either  as  a  sulphate,  or,  in  small  amount,  in  the  aromatic  compounds  of 
the  urine  (§  262)  (After  Munk).'] 

[**  The  chemical  processes  of  the  animal  organism,  therefore,  may  be  repre- 
sented as  a  series  of  oxidation  and  reduction  processes, — chiefly,  however, 
analytical  processes — in  virtue  of  which  the  highly  complex  and  slightly  oxi- 
dized constituents  of  the  body,  /.  ^.,  those  taken  into  the  body  as  food — are 
decomposed  into  the  simple  and  highly  oxidized  compounds — urea,  carbon 
dioxide,  sulphuric  acid,  and  water,  and  removed  from  the  body  as  such  by  the 
various  organs  of  excretion"  (Munk).'\ 

[Alongside  of  these  oxidation  processes  there  are  certain  synthetic  and  re- 
duction processes  which  take  place  in  the  body,  e.  g,y  the  formation  of 
haemoglobin.  Benzoic^  acid  unites  with  glycocoll,  and  appears  in  the  urine  as 
hippuric  acid  (§  260)  ;  phenol  unites  with  sulphuric  acid,  and  appears  as  phenol- 
sulphuric  acid.  Fatty  acids  taken  into  the  alimentary  canal  unite  somewhere 
with  glycerin  and  form  the  corresponding  neutral  fat  (§  192,  3),  and  this  with- 
out glycerin  being  administered  at  the  same  time  with  the  fatty  acid.  But,  in 
any  case,  the  synthetic  processes  are  far  less  in  evidence,  and  are  far  fewer  in 
number,  than  the  oxidation  and  analytic  chemical  processes,  which  are  so 
characteristic  of  animal  metabolism  generally,  in  contrast  to  what  occurs  in 
vegetable  metabolism  (see  Jniroduciion).'] 

229.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS 
FOOD. — Water. — When  we  remember  that  58.5-64  per  cent,  of  the  body 
consists  of  water,  that  water  is  being  continually  given  ofl"  by  the  urine  and 
faeces,  as  well  as  through  the  skin  and  lungs,  that  the  processes  of  digestion  and 
absorption  require  water  for  the  solution  of  most  of  the  substances  used  as 
food,  and  that  numerous  substances  excreted  from  the  body  require  water  for 
their  solution,  especially  in  the  urine,  the  great  importance  of  water  and  its 
continual  renewal  within  the  organism  are  at  once  apparent.  As  put  by 
Hoppe-Seyler,  all  organisms  live  in  water,  and  even  in  running  water,  a  remark 
which  ranks  with  the  old  saying — "  Corpora  non  agunt  nisi  fluida." 

[According  to  Volkmann,  100  parts  of  a  haman  being  consist  of  64  parts  water,  16  proteid 
1  and  gelatin),  14  £at,  and  5  parts  ash.  As  the  muscles  make  up  42-43  parts  of  the  entire  body, 
and  contain  21  per  cent,  of  proteid  and  75  per  cent,  of  water,  it  is  evident  that  in  round 
numbers  the  imascks  contain  about  half  the  proteids  and  more  than  the  half  of  the  total  water  of 
the  body.] 

Water — as  far  as  it  is  not  a  constituent  of  all  fluid  foods — occurs  in  different  forms  as  drink  : 
(I)  Rain  water,  which  most  closely  resembles  distilled  or  chemically  pure  water,  always 
contains  minnte  quantities  of  CO,.  NH,,  nitrous  and  nitric  acids.  (2)  Spring  water  usually 
contains  much  mineral  substance.  It  is  formed  from  the  deposition  of  watery  vapor  or  rain 
from  the  air,  which  permeates  the  soil,  containing  much  CO,  ;  the  CO 2  is  d^solved  by  the 
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water,  and  aids  in  dissolving  the  alkalies,  alkaline  earths,  and  metals,  which  appear  in  solution 
as  bicarbonates,  e.g.^  of  lime  or  iron  oxide.  The  water  is  removed  from  the  spring  by  proper 
mechanical  appliances,  or  it  bubbles  up  on  the  surface  in  the  form  of  a  *<  spring."  (3)  River 
water  usually  contains  much  less  mineral  matter  than  spring  water.  Spring  water  floating  od 
the  surface  rapidly  gives  off  its  CO,  whereby  many  substances — e.g.^  lime — are  thrown  oat  of 
solution,  and  deposited  as  insoluble  precipitates. 

Oases  in  Water. — Spring  water  contains  little  O,  but  much  CO,,  the  Utter  giving  to  it  its 
fresh  taste.  Hence;,  vegetable  organisms  flourish  in  spring  water,  while  animals  requiring,  as 
they  do,  much  O,  are  but  poorly  represented  in  such  water.  Water  flowing  freely  gives  up  COp 
and  absorbs  O  from  the  air,  and  thus  affords  the  necessary  conditions  for  the  existence  of  fishes 
and  other  marine  animals.  River  water  contains  -^  to  -^  of  its  volume  of  absorbed  gases,  which 
may  be  expelled  by  boiling  or  freezing. 

Drinking  water  is  chiefly  obtained  from  springs.  River  water,  if  used  for  this  purpose,  num 
be  filtered  to  get  rid  of  mechanically  suspended  impurities.  For  household  purposes  a  chirooal 
filter  may  be  used,  as  the  charcoal  acts  as  a  disinfectant.  Alum  has  a  remarkable  action.  When 
added  to  give  a  dilution  containing  o.oooi  per  cent.,  it  makes  turbid  water  clear. 

Investigation  of  Drinking  Water. — Drinking  water,  even  in  a  thick 
layer,  ought  to  be  completely  colorless,  not  turbid,  and  without  odor.  Any  odor 
is  best  recognized  by  heating  it  to  50°  C,  and  adding  a  little  caustic  soda.  It 
ought  not  to  be  too  hard,  1.  e,,  it  ought  not  to  contain  too  much  lime  (and  mag- 
nesia) salts. 

By  the  term  *'  degree  of  hardness  "  of  a  water  is  meant  the  unit  amount  of  lime  (and  mag- 
nesia) in  100,000  parts  of  water;  a  water  of  20  degrees  of  hardness  contains  20  pans  of  lime 
(calcium  oxide)  combined  with  CO,,  sulphuric,  or  hydrochloric  acids  (the  small  amount  of  nisg- 
nesia  may  be  neglected).  A  good  drinking  water  ought  not  to  exceed  20  degrees  0/  kardneu. 
The  hardness  is  determined  by  titrating  the  water  with  a  standard  soap  solution,  the  result  bcii^ 
the  formation  of  a  scum  of  lime-soap  on  the  surface.  The  hardness  of  unboiled  water  is  called 
its  total  hardness^  while  that  of  boiled  water  is  called  permanent  hardness.  Boiling  drives  of 
the  COj,  and  precipitates  the  calcium  carbonate,  so  that  the  water  at  the  same  time  beccMiies  solta-. 

The  presence  of  sulphuric  acid,  or  sulphates,  is  determined  by  the  water  becoming  turbid  00 
adding  a  solution  of  barium  chloride  and  hydrochloric  acid. 

Chlorine  occurs  in  small  amount  in  pure  spring  water,  but  when  it  occurs  there  in  large 
amount — apart  from  its  being  derived  from  saline  springs,  near  the  sea  or  manufactories — we  may 
conclude  that  the  water  is  contaminated  from  water-closets  or  dunghills,  so  that  the  estimatioaof 
chlorine  is  of  importance.  For  this  purpose  use  a  solution.  A,  of  17  grms.  of  crystallized  sihtr 
nitrate  in  I  litre  of  distilled  water ;  I  cubic  centimetre  of  this  solution  precipitates  3.5 5  milligramst^ 
chlorine  as  silver  chloride.  Use  also  3»  &  cold  saturated  solution  of  neutral  potassium  chroraatt. 
Take  50  cubic  centimetres  of  the  water  10  be  investigated,  and  place  it  in  a  beaker,  add  to  ic  2  to  3 
drops  of  B,and  allow  the  fluid  A  to  run  into  it  from  a  burette  until  the  white  precipitate  first  formed 
remains  red,  even  after  the  fluid  has  been  stirred.  Multiply  the  number  of  cubic  ceotimetres  of 
A  used  by  7.1,  and  this  will  give  the  amount  of  chlorine  in  100,000  parts  of  the  water.  Kzampic 
— 50  c.cmtr.  requires  2.9  c.cmtr.  of  the  silver  solution,  so  that  100,000  parts  of  the  water  coAain 
2.9  X  7.1  =  20.59  parts  chlorine  (JCubel  Tiemann).  Good  water  ought  not  to  contain  more  than 
15  milligrams  of  chlorine  per  litre. 

The  presence  of  lime  may  be  ascertained  by  acidulating  50  cubic  centimetres  of  the  water 
with  HCl,  adding  ammonia  in  excess,  and  afterwards  adding  anunonia  oxalate;  the  white  pre- 
cipitate is  lime  oxalate.  According  to  the  degree  of  turbidity,  we  judge  whether  the  water  s 
**  soft "  (poor  in  lime),  or  **  hard  '*  (rich  in  lime). 

Magnesia  is  determined  by  taking  the  clear  fluid  of  the  above  operation,  after  rennmng  the 
precipitate  of  lime,  and  adding  to  it  a  solution  of  sodium  phosphate  and  some  ammonia ;  the 
crystalline  precipitate  which  occurs  is  magnesia. 

The  more  feeble  all  these  reactions  which  indicate  the  presence  of  sulphuric  acid,  chlofiae, 
lime,  and  magnesia  are,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  coousa 
more  than  traces  of  nitrates,  nitrites,  or  compounds  of  ammonia,  as  their  presence  indicates  the 
decomposition  of  nitrogenous  organic  substances. 

For  nitric  acid,  take  100  cubic  centimetres  of  water  acidulated  with  two  or  three  drops  oi 
concentrated  sulphuric  acid,  add  several  pieces  of  zinc  together  with  a  solution  of  poiassiiiB 
iodide,  and  starch  solution — a  blue  color  indicates  nitric  acid.  Th^  following  tests  are  very  deli- 
cate :  (i)  Brucine  test. — Add  to  half  a  drop  of  water  in  a  capsule  two  drops  of  a  watery  soia- 
tion  of  Brucinum  sulphuricuro,  and  afterwards  several  drops  of  concentrated  sulphuric  acid ;  a 
rose-red  coloration  indicates  the  presence  of  nitric  acid.  (2)  [Diphenylamine  test. — Poar  a 
thin  layer  of  a  2  per  cent,  solution  of  diphenylamine  in  strong  sulphuric  acid  on  a  while  {^aie. 
A  drop  of  water  containing  nitrates  or  nitrites  gives  a  blue  color.] 
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The  presence  of  nitrous  acid  is  ascertained  by  the  bine  coloration  which  results  from  the  addi- 
tion of  a  solution  of  potassium  iodide,  and  solution  of  starch,  after  the  water  has  been  acidulated 
with  sulphuric  add. 

Compounds  of  ammonia  are  detected  by  Nessler's  reagent,  which  gives  a  yellow  or  reddish 
coloration  when  a  trace  of  ammonia  is  present  in  water ;  while  a  large  amount  of  these  com- 
pounds gives  a  brown  precipitate  of  the  iodide  of  mercury  and  ammonia. 

The  contamination  of  water  by  decomposing  animal  substance  is  determined  by  the  amount 
of  N  it  contains.  In  most  cases  it  is  sufficient  to  determine  the  amount  of  nitric  acid  present. 
For  this  purpose  we  require  (A)  a  solution  of  1. 87 1  grms.  potassium  nitrate  in  one  litre  distilled 
water — I  cubic  centimetre  contains  i  milligram  nitric  acid;  (B)  a  dilute  solution  of  indigo,  which 
b  prepared  by  rubbing  together  one  part  of  pulverized  indigotin  with  six  parts  H^SO^,  and  allow- 
ing the  deposit  to  sul^de,  when  the  blue  fluid  is  poured  into  forty  times  its  volume  of  distilled 
water  and  filtered.  This  fluid  is  diluted  with  distilled  water  until  a  layer,  12  to  15  mm.  in 
thickness,  begins  to  be  transparent. 

To  test  the  activity  of  B,  place  i  cubic  centimetre  of  A  in  24  cubic  centimetres  water,  add  some 
common  salt  and  50  cubic  centimetres  concentrated  sulphuric  acid,  and  allow  B  to  flow  from  a 
burette  into  this  mixture  until  a  faint  green  color  is  obtained.  The  number  of  cubic  centimetres 
of  B  used  correspond  to  i  milligram  of  nitric  acid. 

Twenty-five  cubic  centimetres  of  the  water  to  be  investigated  are  mixed  with  50  cubic  centi- 
metres of  concentrated  H^SO^,  and  titrated  with  B  until  a  green  color  is  obtained.  This  pro- 
cess must  be  repeated,  and  on  the  second  occasion  the  solution  B  must  be  allowed  to  flow  in  at 
once,  when  usually  somewhat  more  indigo  solution  is  required  to  obtain  the  green  solution.  The 
number  of  cubic  centimetres  of  B  (corresponding  to  the  strength  of  B  as  determined  above)  indi- 
cates the  amount  of  nitric  acid  present  in  25  ccmtr.  of  the  water  investigated.  *As  much  as  10 
milligrams  nitric  acid  have  been  found  in  spring  water  {Marx^  Trommsdorffy 

Sulphuretted  Hydrogen  is  recognized  by  its  odor;  also  by  a  piece  of  olotting-paper  moist- 
ened with  alkaline  solution  of  lead  becoming  brown,  when  it  is  held  over  the  boiling  water.  If 
itoccnrs  as  a  compound  xn  the  water,  sodium  nitro-prusside  gives  a  reddish-violet  color. 

It  is  of  the  greatest  importance  that  drinking  water  should  be  free  from  the  presence  (t/*  organic 
matter  in  a  state  of  decomposition.  Organic  matter  in  a  state  of  decomposition,  and  the  organ- 
isms therewith  associated,  when  introduced  into  the  body,  may  give  rise  to  fatal  maladies,  e,  g.^ 
cholera  and  typhoid  fever.  This  is  the  case  when  the  water-supply  has  been  contaminated  from 
water  which  has  percolated  from  water-closets,  privies,  and  dung- pits.  The  presence  of  organic 
matttr  may  be  detected  thus — (l)  A  considerable  amount  of  the  water  is  evaporated  to  dr3mess  in 
a  porcelain  vessel;  if  the  residue  be  heated  again  a  brown  or  black  color  indicates  the  presence 
of  a  considerable  amount  of  organic  matter ;  and  if  it  contain  N,  there  is  an  odor  of  ammonia. 
Good  water  treated  in  this  way  gives  only  a  light  brown  stain.  The  presence  of  micro-organ- 
isms may  be  determined  microscopically  after  evaporating  a  small  quantity  of  the  water  on  a 
glass  slide.  (2)  The  addition  oi poiassio-gold  chloride  to  the  water  gives  a  black  frothy  precipi- 
tate after  long  standing.  (3)  A  solution  of  potassium  permanganate,  added  to  the  water  in  a 
covered  jar,  gradually  becomes  decolorized,  and  a  brownish  precipitate  is  formed. 

Water  containing  much  organic  matter  should  never  be  used  as  drinking  water,  and  this  is 
especially  the  case  when  there  is  an  epidemic  of  typhoid  fever,  cholera,  or  diarrhoea.  In  all  such 
circumstances,  the  water  ought  to  be  boiled  for  a  long  time,  whereby  the  organic  germs  are  killed. 
The  insipid  taste  of  the  water  after  boiling  may  be  corrected  by  adding  a  little  sugar  or  lime 
jnice. 

230.  TH£  MAMMARY  GLANDS  AND  MILK.— Milk-Duct.— 
About  20  galactoferous  ducts  open  singly  upon  the  surface  of  the  nipple.  Each 
of  these,  just  before  it  opens  on  the  surface,  is  provided  with  an  oval  dilatation 
— the  sinus  lacteus.  When  traced  into  the  gland,  the  galactoferous  ducts 
divide  like  the  branches  of  a  tree,  and  a  large  branch  of  the  duct  passes  to  each 
lobe  of  the  gland,  all  the  lobes  being  held  together  by  loose  connective- tissue. 
Only  during  lactation  do  all  the  fine  terminations  of  the  ducts  communicate 
with  the  globular  glandular  acini.  Every  gland  acinus  consists  of  a  membrana 
propria,  surrounded  externally  with  a  network  of  branched  connective-tissue 
corpuscles,  and  lined  internally  with  a  somewhat  flattened  polyhedral  layer  of 
nucleated  secretory  cells  (fig.  287).  The  size  of  the  lumen  of  the  acini  de- 
piends  upon  the  secretory  activity  of  the  glands ;  when  it  is  large,  it  is  filled 
with  milk  containing  numerous  refractive  fatty  granules.  The  walls  of  the  milk- 
ducts  consist  of  fibrillar  connective-tissue.  Some  fibres  are  arranged  longitu- 
dinally, but  the  chief  mass  are  disposed  circularly,  and  are  permeated  externally 
with  elastic  fibres,  while  in  the  finer  ducts  there  is  a  membrana  propria  con- 
28 
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tinuous  with  that  of  the  gland  acini.     The  ducts  are  lined  by  cylindrical  epi- 
thelium. 

During  lh.e  first  few  days  after  delivery,  the  breasts  secrete  a  small  amount  of 
milk  of  greater  consistence,  and  of  a  yellow  color — the  colostrum — in  which 
large  cells  filled  with  fatty  granules  occur — the  colostrum-corpuscles  (fig.  389). 
Sometimes  a  nucleus  is  observable  within  them,  and  rarely  they  exhibit  ame- 
boid movements  (fig.  288,  e,  d,  e').     The  regular  secretion  of  milk  begins  after 
three  to  four  days.     It  was  formerly  supposed  that 
the  cells  of  the  acini  underwent  a  fatty  degeneration, 
and  thus  produced   the   fatty  granules  of  the  milk. 
It  is  more  probable,  from  recent  observations,  that 
the  cells  of  the  acini  manufacture  the  fatty  granules, 
and  their  protoplasm  eliminates  them,  at  ihe  same 
time  forming  the  clear  fluid  part  of  the  milk. 

Changes  in  the  gland  cells  during   Secre- 
tion.— Pratsch  and  Heidenhain  found  that  the  secre- 
tory cells  in  the  non-secreting  gland  (fig.  388,  I), 
Fig-  287.  were  flat,  polyhedral,  and  uni-nuc!eated,  whilst  the 

Acini  of  the  mammsiy  gland  secreting  cells  (fig.  388,  II)  often  contained   sev- 
of  >  sheep  during  laci«Uon.  ^^^1  nuclei,  were  more  albuminous,  higher,  and  cylin- 
"^.T^^y.r^^''     *'drical   in   form.      The   edge   of    the    cell   directed 
towards  the  lumen  of  the  acmus  undergoes  character- 
istic changes  during  secretion.    Fatty  granules  are  formed  in  this  part  of  the 
cell,  and  are  afterwards  extruded.     The  decomposed  portion  of  the  cell  is  dis- 
solved in  the  milk,  and  the  fatty  granules  become  &ee  as  milk-globules  (fig. 

I  n  ^ 
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I.  Inactive  acinus  of  the  mBmmii.     II.  During  1 

f ,  d,  t,  cotostnim  corpuscles 

288,  II,  a).     If  nuclei  are  present  in  that  part  of  the  cell  which  is  broken  op. 
they  also  pass  into  the  milk  and  give  rise  to  the  presence  of  nuclein  in  the 

accretion. 

Betides  the  milk-globules  and  colostrum  corpuscles,  Rauber  has  found  leacocjtes  ii 
faUy  degeneratioD,  and  siogle  pale  cells  (/).     OccasioDolly  milk-globules  are  foand  vith  n 
of  the  cell -subsia nee  adhering  10  iheir  surface  (j). 

Pomiation  of  Milk. — Concerning  (he  formation  of  the  individual  constituents  of  miD^ 
H.  Thierfeider,  who  digested  fresh  mammary  glands  directly  afler  death,  found  that  during  the 
digestion  of  the  glands,  bI  the  temperature  of  the  body,  a  reducing  substance,  probably  lacloae. 
wBS  formed  by  a  proce^  of  fermentMion,  The  mother  substance  (saccharr^n)  is  aohible  in 
water,  but  not  in  alcohol  or  ether,  is  not  destroyed  by  boiling,  and  is  not  identical  vHth  glfcoga. 
The  ferment  which  forms  the  lactose  is  cotinected  with  the  glend-cclls—il  does  not  paB  inlO  the 
milk,  Qor  into  a  watery  extract  of  the  gland.  During  the  digestion  of  the  mamillary  glaods  at 
the  temperature  of  the  body,  casein  is  formed,  probably  from  serum- albumin,  \r}  a  process  of 
fermentation.     This  ferment  occurs  in  the  milk. 

The  nipple  and  its  areola  are  characterized  by  the  presence  of  p_ 
during  pregnancy — in  the  rele  Malpighii  of  the  skin,  and  by  large  p^illx  in  tlie  cutis  v 
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Some  of  the  papillae  contain  touch-coq^uscles.  Numerous  non-striped  muscular  fibres  surround 
the  milk-ducts  in  the  deep  layers  of  the  skin  and  in  the  subcutaneous  tissue,  which  contains  no 
fat.  These  muscular  fibres  can  be  traced,  following  a  longitudinal  course,  to  the  termination  of 
the  ducts  on  the  surface.  The  small  glands  of  Montgomery,  which  occur  on  the  areola  dur- 
ing lactation,  are  just  small  milk-glands,  each  with  a  special  duct  opening  on  the  surface  of  the 
elcTation. 

Arteries  proceed  from  several  sources  to  supply  the  mamma,  but  their  branches  do  not 
accompany  the  milk-ducts;  each  gland  acinus  is  surrounded  by  a  network  of  capillaries  ^  which 
communicate  with  those  of  adjoining  acini  by  small  arteries  and  veins.  The  veins  of  the  areola 
are  arranged  in  a  circle  (circulus  Halleri).  The  nerves  are  derived  from  the  supraclavicular, 
and  the  II-IV-VI  intercostals ;  they  proceed  to  the  skin  over  the  gland,  to  the  very  sensitive 
nipple,  to  the  blood-vessels  and  non-striped  muscle  of  the  nipple,  and  to  the  gland  acini,  where 
their  mode  of  termination  is  still  unknown.  Lymphatics  surround  the  alveoli,  and  they  are 
often  full.  The  milk  appears  to  be  prepared  from  the  lymph  contained  in  the  lymphatics 
surrounding  the  acini. 

Comparative  Anatomy  of  the  Mamma. — The  rodents,  insectivora,  and  carnivora  have  10 
to  12  teats,  while  some  of  them  have  only  4.  The  pachydermata  and  ruminantia  have  2  to  4 
abdominal  teats,  the  whale  has  2  near  the  vulva.  The  apes,  bats,  vegetable-feeding  whales, 
elephants,  and  sloths,  have  2,  like  man.  In  the  marsupials  the  tubes  are  arranged  in  groups, 
which  open  on  a  patch  of  skin  devoid  of  hair  without  any  nipple.  The  young  animals  remain 
within  the  mother's  pouch,  and  the  milk  is  expelled  into  their  mouths  by  the  action  of  a  muscle 
—the  compressor  mammse. 

The  development  of  the  human  mamma  begins  in  both  sexes  during  the  third  month  ; 
at  the  fourth  and  fifth  months  a  few  simple  tubular  gland-ducts  are  arranged  radially  around  the 
position  of  the  future  nipple,  which  is  devoid  of  hair.  In  the  new-bom  child  the  ducts  are 
branched  twice  or  thrice,  and  are  provided  with  dilated  extremities,  the  future  acini.  Up  to  the 
twelfth  year,  in  both  sexes,  the  ducts  continue  to  divide  dendritically ;  but  without  any  proper 
acini  being  formed.  In  the  girl  at  puberty,  the  ducts  branch  rapidly ;  but  the  acini  are  formed 
(mly  at  the  periphtry  of  the  gland  ;  during  pregnancy,  acini  are  also  formed  in  the  centre  of 
the  gland,  while  the  connective-tissue  at  the  same  time  becomes  somewhat  more  opened  out.  At 
the  climacteric  period,  or  menopause,  all  the  acini  and  numerous  fine  milk-ducts  degenerate, 
lo  the  adtilt  maUy  the  gland  remains  in  the  non-developed  infantile  condition.  Accessory  or 
supernumerary  glands  upon  the  breast  and  abdomen  are  not  uncommon,  sometimes  the  mamma 
occurs  in  the  axilla,  on  the  back,  over  the  acromion  process,  or  on  the  leg.  A  slight  secretion  of 
milk  in  a  newly-born  infant  is  normal. 

During  the  evacuation  of  the  milk  (500-1500  cubic  centimetres  daily),  there  is  not  only  the 
mechanical  action  of  sucking,  but  also  the  activity  of  the  gland  itself  (|  152).  This  consists 
in  the  erection  of  the  nipple,  whereby  its  non -striped  muscular  fibres  compress  the  sinuses  on 
the  milk-ducts,  and  empty  them,  so  that  the  milk  may  flow  out  in  streams.  The  gland  acini  are 
also  excited  to  secretion  reflexly  by  the  stimulation  of  the  sensory  nerves  of  the  nipple.  The 
vessels  of  the  gland  are  dilated,  and  there  is  a  copious  transudation  into  the  gland — the  trans- 
uded fluid  being  manufactured  into  milk  under  the  influence  of  the  secretory  protoplasm. 
The  amount  of  secretion  has  a  relation  to  the  blood-pressure  {Rdhrig).  During  sucking,  not 
only  is  the  milk  in  the  gland  extracted,  but  new  milk  is  formed,  owing  to  the  accelerated  secre- 
tion. Emotional  disturbances — anger,  fear,  etc. — arrest  the  secretion.  LafTont  found  that  stimu- 
lation of  the  mammary  nerve  (bitch)  caused  erection  of  the  teat,  dilatation  of  the  vessels,  and 
secretion  of  milk.  After  section  of  the  cerebro-spinal  nerves  going  to  the  mamma,  Eckhard 
observed  that  erection  of  the  teat  ceased,  although  the  secretion  of  milk  in  a  goat  was  not  inter- 
rupted. The  rarely  observed  galactorrhcea  is  perhaps  to  be  regarded  as  a  paralytic  secretion 
analogous  to  the  paralytic  secretion  of  saliva.  Heidenhain  and  Piatsch  found  that  the  secretion 
(bitch)  was  increased  by  injecting  strychnine  or  curare  after  section  of  the  nerves  of  the  gland. 
The  **  milk-fever,''  which  accompanies  the  first  secretion  of  milk,  probably  depends  on  stimu- 
lation of  the  vaso-motor  nerves,  but  this  condition  must  be  studied  in  relation  with  the  other 
changes  which  occur  within  the  pelvic  cavity  after  birth.  [Some  substances,  such  as  atropin, 
arre^  the  secretion  of  milk.] 

231.  MILK  AND  ITS  PREPARATIONS.— Milk  represents  a 
complete  or  typical  food  in  which  are  present  all  the  constituents  necessary 
for  maintaining  the  life  and  growth  of  the  body  of  an  infant  (§  236).  [It 
contains  82-90  per  cent,  of  water,  and  10-18  per  cent,  of  solids  varying  with 
the  animal's  milk  investigated.  In  round  numbers,  the  water  =  87.5,  pro- 
tcid  =  3.5,  fats  =  4,  sugar  =  5,  and  ash  =  0.6.  The  solids  of  milk  consist 
of  proteids  (chiefly  casein  or  caseinogen),  fats,  carbohydrates  (lactose),  and 
inorganic  salts.]     [If  an  adult  were  to  live  on  milk  alone,  to  get  the  23  oz.  of 
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dry  solids  necessary,  he  would  have  to  take  9  pints  of  milk  daily,  which  would 
give  ^  too  much  water,  Tat,  and  proteids.]  To  every  10  parts  of  proieids 
there  are  10  parts  fat  and  ao  parts  sugar.  Relatively  more  of  the  fat  than  the 
proteid  of  the  milk  is  absorbed  (Jfuitier). 

Characters. — Milk  is  an  opaque,  bluish-white  fluid,  with  a  sweetish  taste 
and  a  characteristic  odor,  probably  due  to  the  peculiar  volatile  substances 
derived  from  the  cutaneous  secretions  of  the  glands,  and  it  has  a  specific  gravity 
of  1026  to  1035.  When  it  stands  for  a  time,  numerous  milk  globules,  butter 
globules  or  cream,  collect  on  its  surface,  under  which  there  is  a  bluish  watery 
fluid.  Human  milk  is  always  alkaline,  cow's  milk  may  be  alkaliae,  acid,  or 
amphoteric  ;  while  the  milk  of  carnivora  is  always  slightly  acid. 

[Quantity  secreted. — A  woman  secretes  800  cc.  to  i  litre,  and  a  cow  6-7 
litres  per  day.] 

Milk-Globules. — When  milk  is  examined  microscopically,  it  is  seen  to  con- 
tain numerous  small  highly  refractive  oil-globules  [o  0015-0.005  millimetre 
in  diameter],  floating  in  a  clear  fluid — the  milk-plasma  (figs.  2S8,  a  b,  289); 
while  colostrum  corpuscles  and  epitheltum 
from  the  milk-ducts  arc  not  so  numerous. 
The  white  color  and  opacity  of  the  milk 
are    due    to    the  presence  of  the   milk- 
globules,    which    reflect    the     light;    the 
globules   consist    of  a  fat,  or  butter,  and 
are  said  by  some  to  be  surrounded  with  a 
I  very  thin  envelope  of  cauin  or  haptogen 
I  membrane  [so  that  milk  is  a  perfect  emul- 
sion,] 

If  ac«iic  acid  or  liquor  poussie  be  idded  to  1 

microscopic  preptraUon  or  milk,  ihe  laUy  gruiBlci 

ruD   together  to  forni   irregular  maues.     If  cow't 

milk   1^   shaken  wiib  caualic  poiaih,   ihe  cateiii 

envelopes  are  dissolved,  and  if  etber  t>e  added,  ibc 

milk  becomes  clear  and  transparent,  is  the  abet 

dissolves  out  all  (he  fatty  puticies  in  (be  solnion. 

Fig.  s89-  Ether  cannot  extract  (he  fat  from  cow's  milk  iin(il 

Microscopic  appearance  of  milk,  (M)  upper  ""^''i*^  '^i^  °^  caa>ac  poiash  is  added  10  liberate  ib« 

half,  and  colostrum  iC)  lower  half.  f=>»  i™°  '"«'  envelopes;  but  shaking  with  elbti 

U  soflicient  to  extract  the   fats   from  human  loilk. 

Some  observers  deny  that  an  envelope  of  casein  exists,  and,  according  to  them,  milk  is  a  sni^^ 

emulsion,  kept  emulsionized  owing  to  the  colloid  swollen  up  casein  in  (he  milk-plaima.    The 

Uealment  of  milk  with   potash  and   ether  makes  the  casein   unable  any  longer  to  pretervc  tbe 

emulsion  {Soxklit). 

The  fats  of  the  milk- globules  are  the  triglycerides  of  stearic,  palmitic, 
oleic  acids;  very  little  myristic,  arachic  (butinic),  capric,  caprylic,  caproic, 
and  butyric  acids,  with  traces  of  acetic  and  formic  acids  and  cholesterin. 

[The  fats  of  milk  exist  in  an  emulsified  condition,  but  even  the  finest  milk- 
globules  are  much  larger  than  the  so-called  molecular  granules  of  chyle.  The 
fats  of  milk  are  all  animal  fats,  a  mixture  of  olein,  stearin,  and  palmitin,  small 
quantities  of  capronin,  and  butyrin  (tri-glycerides  of  caproic  acid  QHi.O.  and 
butyric  acid  C.HgO,).  Their  melting  point  is  between.31  and  33°C.  Accord- 
ing to  Lebedeff,  human  milk  contains  twice  as  much  olein  as  palmitin  and 
stearin,  while  in  cow's  milk  they  are  about  equal.  Butyrin  and  capronin  make 
up  about  -jJf  of  the  fats  of  milk  (J/kw^).] 

Butter. — When  milk  is  beaten  or  stirred  for  a  long  titne  (i,  1.,  churned),  (be  fat  of  the  mOk- 
globules  is  ult>ma(ely  obtained  in  (he  form  of  builer,  owing  to  the  rupture  of  the  envelopes  of 
casein.  Butler  is  soluble  in  alcohol  and  ether,  and  it  is  clarified  \ij  heat  (60'  C),  or  by  wasUng 
in  water  at  40°  C.     When  alloned  to  siand  exposed  (o  the  ait,  it  first  becomes  bout,  owii^  10 
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the  IbnnatioQ  of  lactic  acid,  and  afterwards  rancid,  owing  to  the  glycerin  of  the  nentral  fats 
being  decomposed  by  fungi  into  acrolein  and  formic  acid,  while  the  volatile  fatty  acids  give  it  its 
rancid  odor. 

The  milk-plasma  is  a  clear,  slightly  opalescent  fluid,  and  contains  casein 
(§  249,  III,  3) — the  chief  proteid  of  milk — some  lact  albumin — (§  32),  small 
quantity  of  nuclein,  and  a  trace  of  diastatic  ferment  (in  human  milk). 

The  presence  of  other  peculiar  chemical  bodies,^.  ^.,Iactoprotetn,glohulin,albumose,ga1actin, 
etc.,  is  disputed  by  some  chemists.  Sebdi^n  dbtinguishes  besides  the  above  proteids  lacto- 
globulin. 

[Proteids  of  Milk. — There  are  two  proteids  in  milk,  one  usually  called 
casein,  but  which  Halliburton  proposes  to  call  caseinogen  (p.  306) ;  this  is 
the  chief  proteid  and  coagulates  on  the  addition  of  rennet.  The  other  is  present 
in  small  amount  and  resembles  serum-albumin  in  some  characters,  and  is  called 
lact-albumin.] 

[Caseinogen  may  be  precipitated  by  the  addition  of  acids,  or  by  saturating 
the  milk  with  neutral  salts,  or,  better  still,  by  a  combination  of  both  methods. 
It  is  immediately  clotted  at  40°  by  rennet,  but  if  it  be  washed  to  free  it  of  all 
calcic  phosphate,  clotting  does  not  then  take  place.  Caseinogen  is  usually 
stated  to  resemble  alkali  albumin,  but  the  latter  does  not  clot  with  rennin.  In 
its  behavior  towards  neutral  salts  caseinogen  behaves  like  a  globulin.] 

[Casein. — This  name  is  restricted  by  Halliburton  to  the  proteid  formed  by 
the  action  of  rennin  on  caseinogen.  It  is  insoluble  in  the  whey,  and  is  the 
chief  constituent  of  cheese.     Foster  calls  the  coagulated  casein  tyrein.] 

[Lact-albumin  remains  in  solution  after  precipitation  of  caseinogen  by 
MgSO*.  It  coagulates  at  7o°-8o®  C,  and  is  not  separable  by  fractional  heat- 
coagulation  into  several  albumins.] 

[Lacto-globulin  is  absent  in  normal  milk  although  it  is  present  in  colostrum.] 
Proteoses  and  peptones  are  absent  (Nalliburton).'] 

When  milk  is  boiled  the  albumin  coagulates,  while  the  surface  also  becomes 
covered  with  a  thin  scum  or  layer  of  casein,  which  has  become  insoluble  [the 
r^t  of  the  milk  remaining  fluid.  The  scum  is  in  part,  perhaps,  lact-albumin 
with  altered  caseinogen  and  some  fat«] 

Casein. — When  milk  is  filtered  through  fresh  animal  membranes  or  through  a  clay  filter  [t.  e., 
through  a  porous  clay  cell  under  pressure],  the  casein  does  not  pass  through.  [This  shows  that 
the  casein  is  not  in  a  state  of  true  solution  in  the  milk-plasma.]  Precipitation. — It  is  precipi- 
tated by  adding  crystals  of  MgS04  to  saturation.  [If  to  milk  twice  its  volume  of  a  saturated 
solatioii  of  NaCI  and  crystals  of  NaCI  be  added,  and  the  whole  shaken  thoroughly,  casein  is 
precipitated,  and  carries  down  with  it  fat,  so  that  the  clear  filtrate  contains  the  lactose,  salts, 
and  coagnlable  proteids.] 

The  plasma  contains  milk-sugar  (§  252)  [which  differs  from  dextrose  chiefly 
in  its  much  less  solubility  in  water  and  alcohol,  and  its  much  less  tendency  to 
crjrstallize.  Nor  does  it  undergo  the  alcoholic  fermentation  directly]  ;  a  carbo- 
hydrate resembling  dextrin  (?  lactic  acid),  lecithin,  urea,  extractives,  kreatin, 
sarkin,  (potassic  sulphocyanide  in  cow's  milk),  sodic  and  potassic  chlorides, 
alkaline  phosphates,  calcium  and  magnesium  sulphates,  alkaline  carbonates, 
traces  of  iron,  fluorine,  and  silica ;  CO2,  N,  and  O. 

The  coagulation  of  milk  depends  upon  the  coagulation  of  its  casein,  or,  as  it  is  called,  case 
ifutgen.  In  milk,  caseinogen  is  combined  with  calcium  phosphate,  which  keeps  it  in  solution  * 
acids  which  act  on  the  calcium  phosphate  cause  coagulation  of  the  caseinogen  (acetic  and  tartaric 
acids  in  excess  redissolve  it).  All  acids  do  not  coagulate  human  milk.  It  is  coagulated  by 
two  or  more  drops  of  hydrochloric  acid  (o.i  per  cent.)  or  acetic  acid  (0.2  per  cent.).  The 
spontaneous  coagulation  of  milk  after  it  has  stood  for  a  time,  especially  in  a  warm  place,  is 
dae  to  the  production  of  lactic  acid,  which  is  formed  from  the  milk-sugar  in  the  milk  by  the 
action  of  bacillus  acidi  lactici  [which  is  introduced  from  without]  (§  184,  I).  It  changes  the 
neutral  alkaline  phosphate  into  the  acid  phosphate,  takes  the  casein  from  the  calcium  phos- 
phate, and  precipitates  the  casein.     The  sugar  is  decomposed  into  lactic  acid  and  CO,. 
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Souring  of  Milk. — When  milk  is  exposed  to  the  air  for  a  time — ^varying  with  the  temperatnre 
— it  first  becomes  neutral,  and  then  gradually  acid ;  but  for  a  lime  it  remains  fluid,  eren  aJthoogh 
acid.  The  acidity  steadily  increases,  and  after  a  certain  degree  of  acidity  the  milk  thickens,  and 
finally  a  jelly-like  mass  is  formed.  This  clot  gradually  shrinks — not  unlike  a  blood  clot — and 
squeezes  out  a  small  quantity  of  fluid,  the  milk- serum. 

Rennet  or  rennin  (J  250,9,  d,  J  166,  II)  coagulates  milk  with  an  alkaline  reaction  (sweet 
whey).  This  ferment  decomposes  the  caseinogen  into  the  precipitated  cheese  (casein)  and 
also  into  the  slightly  soluble  wbey-albumin,  so  that  the  coagulation  by  rennet  is  a  process  quite 
distinct  from  the  coagulation  of  milk  by  the  gastric  and  pancreatic  juices,  [and  also  from  the 
precipitation  produced  by  acids.  The  presence  of  calcium  phosphate  seems  to  be  necessary  for 
the  complete  action  of  the  rennet  (//ammars/en).'\ 

Experiments  with  rennet  and  milk. — Warm  a  little  milk  to  40^  C,  and  add  a  few  drops  of 
commercial  rennet,  setting  aside  the  mixture  in  a  warm  place;  a  solid  coagulum  is  soon  formed, 
and  by  and  by  the  whey  separates  from  it.  If  the  milk  be  previously  diluted  with  water,  bo 
coagulum  is  formed  ;  and  if  the  rennet  be  boiled  before,  it,  like  other  ferments,  is  destroyed.  A 
solution  of  rennet  may  be  prepared  by  extracting  the  fourth  stomach  of  the  calf  with  glycerin. 
[When  the  milk  is  coagulated  we  obtain  the  curd,  consisting  of  casein  with  some  milk-globules 
entangled  in  it ;  the  whey  contains  some  soluble  albumin  and  fat,  and  the  great  propcvtion  of 
the  salts  and  milk-sugar,  together  with  lactic  acid.] 

[Under  the  influence  of  weak  specimens  of  rennet  fehnent  the  casein  of  milk  may  not  undergo 
a  complete  change  to  the  more  insoluble  form  of  tyrein  (p.  306).  The  change  may  merely  con- 
sist in  certain  chemical  qualities  of  the  casein  being  altered,  the  milk  itself,  as  far  as  clotting  or 
naked  eye  characteristics  are  concerned,  being  apparently  unacted  upon  by  the  rennet  fermeot 
The  changes  which  the  casein  undergoes  in  these  circumstances  are  that  it  becomes  precipitated 
by  a  lower  percentage  of  neutral  salts  or  of  free  acid ;  whereas,  under  ordinary  circumstances, 
there  is  no  separation  of  casein  by  adding  an  equal  bulk  of  saturated  solution  of  sodium  chkxkie 
to  milk  (there  being  required  almost  total  saturation  with  the  salt),  yet  under  the  above  condi- 
tions an  abundant  separation  of  this  changed  casein  occurs.  With  hydrochloric  acid,  jost  half 
the  strength  necessary  to  precipitate  the  casein  in  milk  will  form  a  curd  when  the  milk  has  been 
subjected  to  such  weak  rennet  ferment.  One  more  point  is  of  interest,  and  that  is  that  the  c^cin 
thus  changed  will  coagulate  on  boiling,  but  for  certain  reasons  this  is  not  so  satisfactory  a  test  of 
the  change  as  the  action  of  neutral  salt  or  free  acid. 

Pancreatic  juice  was  long  ago  described  as  possessing  a  rennet  ferment.  Very  strong  specimens 
do  not  show  this  action,  probably  because  the  proteolytic  action  masks  it,  but  less  strong  will  give 
the  above-mentioned  characteristics,  though  there  may  be  no  clotting  of  the  milk  as  a  whole.  This 
power  of  the  milk  of  becoming  coagulated  on  boiling  after  treatment  with  pancreatic  extracts  was 
described  first  by  Roberts  as  the  metacaseine  reaction  (/.  S,  Edktns).'] 

[A  milk- coagulating  ferment  is  found  in  certain  plants  (artichokes,  figs,  Carica  papaya), 
and  causes  milk  to  coagulate  in  neutral  or  alkaline  solutions.  It  is  also  found  in  the  small  intes> 
tine  of  the  calf,  while  a  5  per  cent  NaCl  solution  of  the  seeds  of  Withania  coagulans  coagulates 
milk  in  an  alkaline  medium.] 

Boiling  (by  killing  all  the  lower  organisms),  sodium  bicarbonate  (r^^r)*  ammonia,  salicyfic 
acid  (37'>f7))  glycerin,  and  ethereal  oil  of  mustard  prevent  the  spontaneous  coagulation.  Fresh 
milk  makes  tincture  of  guaiacum  blue,  but  boiled  milk  does  not  do  so.  When  milk  is  exposed 
to  the  air  for  a  long  time,  it  gives  off  CO,  and  absorbs  O ;  the  fats  are  increased  (?  owing  to  the 
development  of  fungi  in  the  milk),  and  so  are  the  alcoholic  and  ethereal  extracts  from  the  de- 
composition of  the  casein.  According  to  Schmidt- Miilheim,  some  of  the  casein  becomes  con- 
verted into  peptone,  but  this  occurs  only  in  unboiled  milk. 

Composition. — 100  parts  of  milk  contain : — 

Human.  Cow.  Goat.  Ass. 

Water, 87.24  to  90.58  86.23  86.85  89.01 

Solids, 9.42  ««  12.39  13.77  13.52  10.99 

Casein,  • 2.91  "     3.92  )  .  q^  j^  ,  76  /  3-23  2.53  \ 

Albumin, /  ^•9^^°^-3«>|o.5o  1.26/  3-57 

Butter, 2.67  "    4.30  4.50  4.34  1.85 

Milk-sugar,    ....      3.15  "     6.09  4.93  3.78  \ 

Salts, 0.14  "     0.28  0.61  0.65  i  5-«5 

[Cow's  V.  Human  Milk. — The  milk  of  the  ass  most  closely  resembles  human  milk,  only  ihc 
former  contains  much  less  fat.  Cow's  milk  is  \  richer  in  proteids,  but  1-^  poorer  in  sugar.  By 
adding  \  vol.  of  water  and  sugar,  cow's  milk  can  be  made  to  resemble  human  milk.  HvmaB 
milk  contains  a  very  small  amount  of  inorganic  salts,  its  milk  globules  are  smaller,  and  there  are 
qualitative  differences  in  its  coagulated  casein  as  compared  with  cow's  milk.  G>w*s  milk  yiekb 
a  dense  curd,  while  the  curd  of  human  milk  falls  in  a  more  flocculent  condition ;  moreover, 
human  milk  is  more  easily  digested,  both  by  normal  and  artificial  gastric  juice,  than  cow's  milk.] 
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[The  following  table  shows  the  diflference  in  composition  between  colostrum,  (1-5  days  after 
delivery)  and  milk  (from  the  7th  day  onwards). 


In  100  parts. 


Colostrum, 
MUk,     .   . 


Water. 


86.4 
87.8 


Proteids. 


5-3 
2.5 


Fats. 


3-4 
3.9 


Sugar. 


4.5 
5.5 


Salu. 


0.4 
03 


Colostrum,  therefore,  is  richer  in  solids,  and  the  latter  consist  chiefly  of  albumin,  and  but  little 
casern.  The  casein  gradually  increases  at  the  expense  of  the  albumin,  and  on  the  7th  day  there 
13  chiefly  casein  and  little  albumin.     Colostrum  contains  less  sugar.] 

Gases. — PflUger  and  Setschenow  found  in  100  vols,  of  milk  5.01  to  7.60  COj ;  0.09  to  0.32  O ; 
0.70  to  141  N,  according  to  volume.     Only  part  of  the  CO,  is  expelled  by  phosphoric  acid. 

Salts. — Ihe  paiash  salts  (as  in  blood-corpuscles  and  muscle)  are  more  abundant  than  the  soda 
compounds,  while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessary  for 
forming  the  bones  of  the  infant.  Wildenstein  found  in  100  parts  of  the  ash  of  human  milk — 
sodium  chloride,  10.73 ;  potassium  chloride,  26.33 ;  potash,  21.44;  lime,  18.78;  magnesia, 0.87  ; 
phosphoric  acid,  19;  ferric  phosphate,  0.21 ;  sulphuric  acid,  2.64;  silica,  traces.  The  amount 
of  salts  present  is  affected  by  the  salts  of  the  food. 

[Bnnge  gives  the  following  table  of  the  composition  of  the  salts  of  milk  : — 


In  1000  parts. 

Potash. 

Soda. 

Cakium. 

Magnesia. 

Iron 
Oxide. 

Phospho- 
ric Acid. 

Chlorine. 

Woman's  milk, 

Cow's  milk,      

0.7 
1.8 

0.3 
I.I 

0.3 
1.6 

O.I 
0.2 

0.006 
0.004 

0.5 
2.0 

0.4 

'7] 

Conditions  Influencing  the  Composition  of  Milk. — The  of^ener  the  breasts  are  emptied, 
the  richer  the  milk  becomes  in  casein.  The  last  milk  obtained  at  any  time  ['*strippings"]  is 
always  richer  in  butter,  as  it  comes  from  the  most  distant  part  of  the  gland — viz.,  the  acini.  Some 
sabstances  are  diminished  and  others  increased  in  amount,  according  to  the  time  after  delivery. 
The  following  axe  increased :  Until  the  second  month  after  delivery,  casein  and  fat;  until  the 
5th  month,  the  salts  (which  diminish  progressively  from  this  time  onwards) ;  from  the  8th  to  the 
loth  month,  the  sugar.  The  following  are  diminished  :  from  loth  to  24th  month,  casein  ;  from 
5th  to  6tb  and  loth  to  nth  month,  fat ;  during  1st  month,  the  sugar;  from  the  5th  month,  the 
salts. 

The  greater  amount  of  milk  that  is  secreted  (woman),  the  more  casein  and  sugar,  and  the  less 
batter  it  contains.  The  milk  of  a  primapara  is  less  watery.  Rich  feeding,  especially  proteids 
(small  amount  of  vegetable  food),  increases  the  amount  of  milk  and  the  casein,  sugar,  and  fat  in 
it ;  a  large  amount  of  carbohydrates  (not  fats)  increases  the  amount  of  sugar. 

Modifying  Conditions. — That  cow's  milk  is  influenced  by  the  pasture  and  food  is  well 
known.  Turnip  as  food  gives  a  peculiar  odor,  taste,  and  flavor  to  milk,  and  so  do  the  fragrant 
grasses.  The  mental  state  of  the  nurse  influences  the  quantity  and  quality  of  the  milk.  Jaborandi 
is  the  nearest  approach  to  a  galactagogue,  but  its  action  is  temporary.  Atropin  is  a  true  anti- 
galactagogue.  The  composition  of  the  milk  may  be  affected  by  using  fatty  food,  by  the  use  of 
salts,  and  above  all  by  the  diet  (Dolan), 

[Milk  may  be  a  vehicle  for  communicating  disease — ^by  direct  contamination  firom  the 
water  used  for  adulterating  it  or  cleansing  the  vessels  in  which  it  is  kept ;  by  the  milk  absorbing 
deleterious  gases ;  by  the  secretion  being  altered  in  diseased  animab.]  Milk  ought  not  to  be 
kept  in  zinc  vessels,  owing  to  the  formation  of  zinc  lactate. 

Substitutes  for  Milk. — If  other  than  human  milk  has  to  be  used,  ass's  milk  most  closely 
resembles  human  milk.  Cow's  milk  is  best  when  it  contains  plenty  of  fatty  matters — it  must  be 
diluted  with  its  own  volume  of  water  at  first  and  a  little  milk-sugar  added.  The  casein  of  cow's 
milk  differs  qualitatively  from  that  of  human  milk ;  its  coagulated  flocculi  or  curd  are  much 
coarser  than  the  fine  curd  of  human  milk,  and  they  are  only  ^  dissolved  by  the  digestive  juices, 
while  human  milk  is  completely  dissolved.  Cow*8  milk  when  boiled  is  less  digestible  than  un- 
boiled milk. 

Tests  for  Milk. — The  amount  of  cream  is  estimated  by  placing  the  milk  for  twenty- four 
hours  in  a  tall  cylindrical  glass  graduated  into  a  hundred  parts,  or  creamometer;  the  cream 
collects  on  the  surface, and  ought  to  form  from  10  to  24  vols,  per  cent.     [The  cream  is  generally 
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about  y^.]  The  specific  gravity  (fresh  cow's  milk  1029  to  1034;  when  creamed,  1033  to  1040) 
— is  estmiated  with  the  lactometer  at  15°  C.  The  sugar  is  estimated  by  titration  with  FchUng's 
solution  (2  150,  II),  but  in  this  case  i  cubic  centimetre  of  the  solution  corresponds  to  0.067  grm. 
of  milk-sugar;  or  its  amount  may  be  estimated  by  means  of  the  saccharimeter  ({  150).  Proteids 
are  precipitated  and  the  fats  extracted  with  ether.  The  fats  in  fresh  milk  form  about  3  per  cent, 
and  in  skimmed  milk  i}4  P^r  cent.  The  amount  of  water  in  relation  to  the  milk  globules  11 
estimated  by  the  lactoscope  or  the  diaphanometer  of  Donn^  (modified  by  Vogel  and  Hoppe- 
Seyler),  which  consists  of  a  glass  vessel  with  plane  parallel  sides  placed  i  centimetre  apart  A 
measured  quantity  of  milk  is  taken,  and  water  is  added  to  it  from  a  burette  until  the  outline  of  t 
candle  flame  placed  at  a  distance  of  i  metre  can  be  distinctly  seen  through  the  diluted  milk.  TIbs 
is  done  in  a  dark  room.  For  I  cubic  centimetre  of  good  cow's  milk,  70  to  85  centimetres  water 
are  required.  [Other  forms  of  lactoscope  are  used,  all  depending  on  the  same  principie  of  u 
optical  test,  viz.,  that  the' opacity  of  milk  varies  with  and  is  proportional  to  the  amount  of  batter- 
fats  present,  /.  e.y  the  oil  globules.  Bond  uses  a  shallow  cylindrical  vessel  with  the  bottom  covered 
by  black  lines  on  a  white  surface.  A  measured  quantity  of  water  is  placed  in  this  vessel,  and 
milk  is  added  drop  by  drop,  until  the  parallel  lines  on  the  pattern  at  the  bottom  of  the  dish  cease 
to  be  visible.  On  counting  the  number  of  drops  a  table  accompanying  the  appliance  gives  the  per- 
centage of  fats.    This  method  gives  approximate  results.    In  all  cases  it  is  well  to  use  fresh  mUk]. 

Various  substances  pass  into  the  milk  wAen  they  are  administered  to  the  mother — many 
odoriferous  vegetable  bodies,  e.g.,  anise,  vermuth,  garlic,  etc. ;  chloral,  rhubarb,  opium,  indigo, 
salicylic  acid,  iodine,  iron,  zinc,  mercury,  lead,  bismuth,  antimony.  In  osteomalacia  the  amooot 
of  lime  in  the  milk  is  increased  (Gusserow),  Potassium  iodide  diminishes  the  secretion  of  milk 
by  affecting  the  secretory  function.  Amongst  abnormal  constituents  are — haemoglobin,  bile- 
pigments,  mucin,  blood-corpuscles,  pus,  fibrin.  Numerous  fungi  and  other  low  organisms  develop 
in  evacuated  milk,  and  the  rare  blue  milk  is  due  to  the  development  of  bacillus  cyanogeneum. 
The  milk-serum  is  blue,  not  the  fungus.  Blue  milk  is  unhealthy,  and  causes  diarrhoea.  There 
are  fungi  which  make  milk  bluish-black  or  green.  Red  and  yellow  milk  are  produced  by  1 
similar  action  of  cbromogenic  fungi  ({  184).  The  former  is  produced  by  Micrpcoccos  prodigkh 
sus,  which  is  colorless.  The  color  seems  to  be  due  to  fuchsin.  The  yellow  color  is  produced 
by  bacillus  synxanthus.  Some  of  the  pig^ments  seem  to  be  related  to  the  aniline>,  and  others  to 
the  phenol-coloring  matters  (Hiippe), 

The  rennet -like  action  of  bacteria  is  a  widely  diffused  property  of  these  organisms;  they 
coagulate  and  peptonize  casein,  and  may  ultimately  produce  further  decompositions.  The  buty- 
ric acid  bacillus  (J  184)  first  coagulates  casein,  then  peptonizes  it,  and  finally  splits  it  up,  wiih 
the  evolution  of  amp^ionia  (HUppe), 

Milk  becomes  stringy  owing  to  the  action  of  cocci  which  form  a  stringy  substance  [==  dextroM, 
C,,H,^O,0  (Scheibler)^,  just  as  beer  or  wine  undergoes  a  similar  or  ropy  change.  [The  milk  of 
diseased  animals  may  contain  or  transmit  directly  infectious  matter.] 

Preparations  of  Milk. — (i)  Condensed  Milk. — 80  grms.  canC'Sugar  are  added  to  i  litre 
of  milk ;  the  whole  is  evaporated  to  \ ;  and  while  hot  sealed  up  in  tin  cans.  For  children  oae 
teaspoonful  is  dissolved  in  a  pint  of  cold  water,  and  then  boiled. 

(2)  Koumiss  is  prepared  by  the  Tartars  from  mare's  milk.  After  the  addition  of  kovimiss 
and  sour  milk,  the  whole  is  violently  stirred,  and  it  undergoes  the  alcoholic  fermentatioiu 
whereby  the  milk-sugar  is  first  changed  into  galactose,  and  then  into  alcohol ;  so  that  koumiss 
contains  2  to  3  per  cent,  of  alcohol ;  while  the  casein  is  at  first  precipitated,  but  is  afterwards 
partly  redissolved  and  changed  into  acid^lbumin  and  peptone.  Tartar  koumiss  seems  to  be  pR>- 
duced  by  the  action  of  a  special  bacterium  (Diaspora  caucasia). 

[How  is  Milk  formed  ? — It  is  obvious  from  its  chemical  composition  that 
milk  is  not  a  simple  transudation  from  the  blood,  for  casein  and  lactose  occur 
in  it  in  large  amount,  and  neither  of  these  is  present  in  the  blood  ;  moreoTer, 
there  is  much  fat,  which  occurs  only  in  small  amount  in  the  blood.  Lastly,  the 
ash  of  milk  is  quantitatively  different  from  the  ash  of  blood-plasma.  Milk, 
therefore,  is  a  chemical  product,  due  to  the  secretory  activity  of  the  celkof  the 
mammary  glands,  which  find  only  the  raw  material  in  the  blood,  and  from  this, 
by  their  own  subtle  chemistry,  manufacture  the  specific  products  of  the  milk.] 

[Source  of  the  Fats. — h  plentiful  supply  of  proteid  food  increases  the 
amount  of  milk  and  its  specific  constituents,  but  most  of  all  it  increases  its 
richness  in  fats.  It  seems  clear  that  the  fats  of  milk  are  not  derived  from  the 
fats  taken  with  the  food,  but  are  obtained  from  the  splitting  up  of  proteid  mole- 
cules, and  we  know  that  albumin  does  split  up  under  certain  conditions  into  a 
nitrogenous  and  a  non-nitrogenous  molecule.  Further,  in  a  bitch  fed  on  pure 
flesh  diet,  the  milk  contains  a  very  large  amount  of  fat.] 
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[The  addition  of  fsit  to  the  food  rather  diminishes  than  increases  the  fats  of  the 
milk,  if  there  be  not  simultaneously  sufficient  proteids  in  the  food.] 

[Source  of  the  Sugar. — The  carbohydrates  of  the  food  have  no  effect  on 
the  amount  of  sugar  in  the  milk,  and  even  in  herbivora  there  is  no  special 
efect  to  be  noted.  The  greatest  part  of  the  sugar  is  also  derived  from  the  pro- 
teids, for  bitches  fed  on  an  exclusively  animal  diet  (flesh)  yield  a  considerable 
amount  of  sugar.] 

[Source  of  Casein. — ^This  seems  to  be  derived  from  the  proteids  of  the 
blood  and  lymph.] 

[To  increase  the  quantity  of  milk,  therefore,  proteid  food  must  be  given.] 

[Margarine  or  Artificial  Butter. — The  best  form  is  beef  fat  freed  from  its  stearin  and  mixed 
with  milk  or  genuine  butter-coloring  and  flavoring  ingredients.  If  prepared  from  wholesome 
pore  animal  fats,  it  has  a  nutritive  value  little  inferior  to  butter,  but  it  seems  to  be  less  assimilable 
than  butter.] 

(3)  Cheese  is  prepared  by  coagulating  milk  with  rennet,  allowing  the  whey 
to  separate,  and  adding  salt  to  the  curd.  When  kept  for  a  long  time  cheese 
'*  ripens,"  the  casein  again  becomes  soluble  in  water,  probably  from  the  for- 
mation of  soda  albuminate ;  in  many  cases  it  becomes  semi-fluid,  when  it  takes 
the  characters  of  peptones.  When  further  decomposition  occurs,  leucin  and 
tyrosin  are  formed.  [The  word  tyrosin  is  derived  from  Tup6^,  cheese.]  The 
fats  increase  at  the  expense  of  the  casein,  and  they  again  undergo  further 
change,  the  volatile  fatty  acids  giving  the  characteristic  odor. 

The  formation  of  peptone,  leucin,  tyrosin,  and  the  decomposition  of  fat  recall  the  digestive  pro- 
cesses. [Cheese  is  coagulated  casein,  entangling  more  or  less  fat,  so  that  the  richness  of  the 
dicese  will  depend  upon  the  kind  of  milk  from  which  it  is  made.  There  are,  in  this  sense, 
three  kinds  of  cheese,  wAo/e  miik^  skim  milk^  and  cream  cheese,  the  last  being  represented  by 
Stikon,  Roquefort,  Cheshire,  etc.     The  composition  is  shown  in  the  following  table  after  Bauer : — 


Water. 


Niirogenoim.  y9X.  Extractives.  Ash. 

Matter. 


Cream  cheese. 
Whole  milk,  . 
Skim  milk,    . 


35-75  7.16  30.43  2.53  4.13 

46.82  27.62  20.54  2.97  3.05 

48.02        I        32.65  8.41  6.80  4.12 


Cream  cheese,  especially  if  it  be  made  from  the  goat's  milk,  acquires  a  very  high  odor  and 
strong  flavor  when  it  is  kept  and  *'  ripens  *' ;  the  casein  is  partly  decomposed  to  yield  ammonia 
and  ammonium  sulphide,  while  the  fats  yield  butyric,  caproic,  and  other  acids.] 

232.  EGGS  must  be  regarded  as  a  complete  food,  as  the  organism  of  the 
young  chick  is  developed  from  them.  The  yolk  contains  a  characteristic  pro- 
teid body — viUllin  (§  249),  and  an  albuminate  in  the  envelopes  of  the  yellow 
yolk  spheres — nuclein^  from  the  white  yolk  ;  fats  in  the  yellow  yolk  (palmitin, 
olein),  cholesterin,  much  Ucithin^  and  as  its  decomposition-product,  glycerin- 
phosphoric  acid ;  grape-sugar^  pigments  Clutein),  and  a  body  containing  iron 
and  related  to  haemoglobin  ;  lastly,  salts  qualitatively  the  same  as  in  blood — 
quantitatively  as  in  the  blood-corpuscles — and  gcues.  The  chief  constituent  of 
the  virhite  of  egg  is  egg-albumin  (§  349),  together  with  a  small  amount  of  pal- 
mitin  and  olein  partly  saponified  with  soda;  grape-sugar,  extractives ;  lastly 
salts,  qualitatively  resembling  those  of  blood,  but  quantitatively  like  those  of 
serunij  and  a  trace  of  fluorine.  Relatively  more  of  the  nitrogenous  constituents 
than  of  the  fatty  constituents  of  eggs  are  absorbed  {Rubner),  [Considered  as 
a  food,  eggs  are  obviously  deficient  in  carbohydrates.] 

[The  shell  is  composed  chiefly  of  mineral  matter  (9I  per  cent,  of  calcic  carbonate,  6  per  cent. 
}f  calcic  phosphate,  and  3  per  cent,  of  organic  matter).  A  hen's  egg  weighs  about  1}  oz.,  of 
vbich  the  shell  forms  about  'f^.    Note  the  amount  of  fats  in  the  yolk.] 

Composition : — 

White  of  Egg.  Yolk.  White  of  Egg.  Yolk. 

Water, 84.8        51.5  Mineral  matter,    ...     1.2          1.4 

Proteids, 12.0         15.0  I           Pigment  Extractives,    ...          2.1 

Fats,  etc., 2.0        30.0  \ 
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233.  FLESH  AND  ITS  PREPARATIONS.— Flesh,  in  thefonnin 
which  it  is  eaten,  contains,  in  addition  to  the  muscle-substance  proper,  more  or 
less  of  the  elements  of  fat,  connective-  and  elastic-tissue  mixed  with  it  (§  293). 
The  following  results  refer  to  flesh  freed  as  much  as  |X)ssible  from  those  con- 
stituents. The  chief  proteid  constituent  of  the  contractile  muscular  substance 
is  myosin ;  serum-albumin  occurs  in  the  fluid  of  the  fibres,  in  the  lymph  and 
blood  of  muscle.  The  fats  are  for  the  most  part  derived  from  the  interfascica- 
lar  fat-cells,  while  lecithin  and  cholesterin  come  from  the  nerves  of  the  muscles; 
the  gelatin  is  derived  from  the  connective-tissue  of  the  perimysium,  perineurium, 
and  the  walls  of  blood-vessels  and  tendons.  The  red  color  of  the  flesh  is  due  to 
the  haemoglobin  present  in  the  sarcous  substance,  but  in  some  muscles,  ^.j'.ytfae 
heart,  there  is  a  special  pigment,  myohaematin  {MacMunn)^  [although  the 
latter  statement  is  denied  by  Hoppe-Seyler.]  Elastin  occurs  in  the  sarcolemma, 
neurilemma,  and  in  the  elastic  fibres  of  the  perimysium  and  walls  of  the  vessels; 
the  small  amount  of  keratin  is  derived  from  the  endothelium  of  the  vessels. 
The  chief  muscular  substance,  the  result  of  the  retrogressive  metabolism  of  tbc 
sarcous  substance,  is  kreatin  (-0.05  per  cent.);  kreatinin^  sometimes  ifwsinic 
acid,  then  lactic,  or  rather  sarcolactic  acid  (§  293).  Further,  taurin,  sarkin, 
xanthin,  uric  acid,  camin,  inosit  (most  abundant  in  the  muscles  of  drunkards), 
urea  (o.i  per  cent,  [but  in  the  dog-fish  1,95  per  cent.]),  dextrin  (in  horse  and 
rabbit,  not  constant) ;  grape-sugar,  but  this  is  very  probably  derived  post-nm- 
tern  from  glycogen  (0.43  per  cent.),  which  occurs  in  considerable  amount  in 
foetal  muscles ;  lastly,  volatile  fatty  acids.  Amongst  the  salts,  potash  and 
phosphoric  acid  compounds  are  most  abundant ;  magnesium  phosphate  exceeds 
calcium  phosphate  in  amount.  [The  composition  varies  somewhat  even  in  dif- 
ferent muscles  of  the  same  animal.] 

'    In  100  parts  Flesh  there  are,  according  to  Schlossberger  and  v.  Bibra — 


Ox. 


}■• 


20 


Water, 77.50 

Solids, I   22.50 

Soluble  albumin. 

Coloring  matter,  .    . 

Glutin, 

Alcoholic  extract,    . 

X^  €LlS>f  •••••• 

Insoluble  albumin, 
Blood-vessels,  etc., 


1.30 
1.50 


17.50 


Calf. 

Deer. 

Pig. 

Man. 

Fowl. 

Carp. 

79.7« 
20.22 

2.35 

Frog- 

78.20 
21.80 

2.60 

74.63 
25-37 

1.94 

78.30 
21.70 

2.40 

7445 
25.55 

1.93 

7730 
22.7 

30 1 

1    8043 

19-57 

1.86 

1.60 
1.40 

•        • 

0.50 

4.75 
X.30 

0.80 
1.70 

•        • 

2.07 

3.71 
2.30 

1.2 

1.4 

•         • 

1.98 
3.47 

I.U 

»4S 
aio 

16.2 

16.81 

16.81 

15.54 

16.5 

xi.3» 

11.67 

In  100  parts  Ash  there  are — 


Potash,     .    .    . 

Soda, 

Magnesia,  .... 

Chalk, 

Potassium,  .  .  . 
Sodium,  .... 
Chlorine,  .... 
Iron  oxide,  .  .  . 
Phosphoric  Acid, 
Sulphuric  " 

Silicic  '* 

Carbonic  •* 

Ammonia,      .    .    . 


} 


39.40 

4.86 
3.88 
1.80 


1.47 

i.o 

46.74 
0.30 


{ 


Ox. 


Calf. 


Pi« 


35  94 

•  • 

3.31 
1-73 
5.36 

•  • 

4.86 
0.98 

34.36 

3.37 
2.07 

8.02 

0.15 


} 


34.40 

2.35 

1-45 
1.99 

•       • 

10.59 

0.27 
48.13 

0.81 


{ 


37-79 
4.02 

7.54 

»       • 

0.40 
0.62 

0.35 
44-47 
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The  amount  of  fat  in  flesh  varies  very  much  according  to  the  condition  of  the  animal.  After 
removal  of  the  visible  fat,  human  flesh  contains  7.15  ;  ox,  11.12;  calf,  10.4;  sheep,  3.9;  wild 
goose,  8.8 ;  fowl,  2.5  per  cent. 

The  amount  of  extractives  is  most  abundant  in  those  animals  which  exhibit  energetic  muscu- 
lar action ;  hence  it  b  largest  in  wild  animals.  The  extract  is  increased  after  vigoi'ous  muscular 
action,  whereby  sarcolactic  acid  is  developed,  and  the  flesh  becomes  more  tender  and  is  more 
palatable.  Some  of  the  extractives  excite  the  nervous  system,  e,g.^  kreatin  and  kreatinin;  and 
others  give  to  flesh  its  characteristic  agreeable  flavor  [*<  osmasome,"]  but  this  is  also  partly  due  to 
the  different  fats  of  the  flesh,  and  is  best  developed  when  the  flesh  is  cooked.  The  extractives 
in  100  parts  of  flesh  are  in  man  and  pigeon,  3 ;  deer  and  duck,  4 ;  swallow,  7  per  cent. 

[Flesh  is  characterized  by  its  large  percentage  of  proteids  containing  four  times  as  much  as 
milk.     The  flesh  of  birds  contains  most  proteids,  then  follows  that  of  mammak,  and  then  flshes.] 

[Munk  gives  the  following  table  of  its  composition  : — 


In  100  Pait5  flesh. 


Ox. 


Water, 

Solids, 

Myosin,  albumin,  and  ) 
gelatin, / 

Fat, 

Carbohydrates, .... 

Salts,      


76.7 
233 
20.0 

1-5 
0.6 

1.2 


Calf. 

75-6 
24.4 

19.4 

2.9 
0.8 

»-3 


Pig. 


Horse. 


Fowl. 


72.6 
27.4 

19.9 

6.2 
0.6 
I.I 


74.3 

70.8 

257 

29.2 

21.7 

22.7 

2.5 

4.1 

0.6 

1.3 

I.O 

I.I 

Cooking  of  Flesh. — As  a  general  rule,  the  flesh  oi young  animals,  owing  to  the  sarcolemma, 
connective-tissue,  and  elastic  constituents  being  less  tough,  is  more  tender  and  more  easily 
digested  than  the  flesh  of  old  animals;  after  flesh  has  been  kept  for  a  time  it  is  more  friable 
and  tender,  as  the  inosit  becomes  changed  into  sarcolactic  acid  and  the  glycogen  into  sugar,  and 
this  again  into  lactic  acid,  whereby  the  elements  of  the  flesh  undergo  a  kind  of  maceration. 
Findy  divided  flesh  is  more  digestible  than  when  it  is  eaten  in  large  pieces.  In  cooking  meat, 
the  heat  ought  not  to  be  too  intense,  and  ought  not  to  be  continued  too  long,  as  the  muscular 
fibres  thereby  t>ecome  hard  and  shrink  very  much.  Those  parts  are  most  digestible  which  are 
obtained  from  the  centre  of  a  roast  where  they-  have  been  heated  to  60^  to  70°  C,  as  this  tem- 
perature is  suflicient,  with  the  aid  of  the  acids  of  the  flesh,  to  change  the  connective-tissue  into 
gelatin,  whereby  the  flbres  are  loosened,  so  that  the  gastric  juice  readily  attacks  them.  In  roasting 
beef,  apply  heat  suddenly  at  first,  to  coagulate  a  layer  on  the  surface,  which  prevents  the  escape 
of  the  juice. 

Meat  Soup  is  best  prepared  by  cutting  the  flesh  into  pieces  and  placing  them  for  several 
boors  in  cold  water,  and  afterwards  boiling.  Liebig  found  that  6  parts  per  100  of  ox  flesh  were 
dissolved  by  cold  water.  When  this  cold  extract  was  boiled,  2.95  parts  were  precipitated  as 
coagulated  albumin,  which  is  chiefly  removed  by  <*  skinmiing,"  so  that  only  3.05  parts  remain  in 
solution.  From  100  parts  of  flesh  of  fowl, '8  parts  were  extracted,  and  of  these  4.7  was  coagu- 
lated and  3.3  remained  dissolved  in  the  soup.  By  boiling  for  a  very  long  time,  part  of  the 
albumin  may  be  redissolved.  The  dissolved  substances  are:  (i)  Inorganic  salts  of  the  meat, 
of  which  82.27  P^r  <^"t'  P<^^  i°^o  ^^^  ^up  >  tl^c  earthy  phosphates  chiefly  remain  in  the 
cooked  meat  (2)  Kreatin,  kreatinin,  the  inosinates  and  lactates  which  give  to  broth  or  beef-tea 
their  stimulating  qualities,  and  a  small  amount  of  aromatic  extractives.  (3)  Gelatin,  more  abun- 
dantly extracted  from  the  flesh  of  young  animals.  According  to  these  facts,  therefore,  flesh 
broth  or  beef-tea  is  a  powerful  stimulant,  supplying  muscle  with  restoratives,  but  is  not  a  food  in 
the  ordinary  sense  of  the  term,  as  kreatin  in  general  leaves  the  body  unchanged  (v,  VoU),  The 
6esh,  especially  if  it  be  cooked  in  a  large  mass,  after  the  extraction  of  the  broth,  is  still  available 
as  a  food. 

Liebig*s  Extract  of  Meat  is  an  extract  of  flesh  evaporated  to  a  thick  syrupy  consistence.  It 
contains  no  fat  or  gelatin  or  proteid,  and  is  chiefly  a  solution  of  the  extractives  and  salts  of  flesh. 
[It  contains  about  22  per  cent,  of  water  and  78  of  solids.  Of  the  latter — which  contain  no  pro- 
teids— 61  per  cent,  is  organic,  and  17  inorganic  salts.  Crystals  of  kreatin  are  found  in  large 
numbers  in  the  extract.] 

[Extract  of  Fish. — A  similar  extract  is  now  prepared  from  fish ;  and  such  extract  has  no 
fisby  flavor,  but  presents  much  the  same  appearance,  odor,  and  properties  as  extract  of  flesh.] 

[Beef-Tea  made  by  putting  the  meat,  cut  up  into  small  pieces,  m  cold  water  and  then  gradu- 
ally healing  it,  is  really  a  watery  extract  of  certain  of  the  constituents  of  meat.  It  has  slight 
nutritive  and  stimulating  properties,  and  may  be  regarded  as  a  watery  solution  of  the  extractives, 
and  salts  of  meat  together  with  gelatin,  minute  quantities  of  soluble  albumin,  and,  perhaps,  some 
£it  floating  on  the  surface  of  the  fluid.] 
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[PreaeTvation  of  Meat. — Much  "preserved"  meal  in  tins  is  now  used.  The  Indiaoxln 
strips  of  meat  in  the  sun's  rays  to  forni  pemmican,  "  PickliDg  "  or  salting  meat  is  mndi  pnc- 
liced.  Vnit  found  that  where  meat  is  placed  in  brine  its  nulriiive  value  is  not  greatly  imjnind. 
In  salted  meat,  besides  an  increase  of  salt,  he  Ibund  a  loss  of  10.4  per  cent,  of  water  ud  of 
organic  matters  z.I,  albumio  1 . 1 ,  extractives  13.5,  and  phosphoric  acid  8.5  per  cent.  Wba 
meat  is  "  imolted  "  the  surface  becomes  herder,  and  the  meal  is  acted  on  by  creasole  and  oltici 
antiseptics  present  in  the  smoke  of  the  wood  used  in  the  process.] 

234.  VEGETABLE  FOODS. — The  nitrogenous  constituents  of  pUnu 
are  not  so  easily  absorbed  as  animal  food  {Hudner).  Still  if  they  contain  the 
same  amount  of  N  they  may  completely  replace  animal  proteids  {Rutgers),  \mA, 
according  to  Hoppe  Seyler,  the  vegetable  proteids  do  not  seem  to  differ  essen- 
tially from  animal  proteids.]  Carbohydrates,  starch,  and  sugar  are  very  com- 
pletely absorbed,  and  even  a  not  inconsiderable  proportion  of  cellulose  may  be 
digested  (§  184,  I).  The  more  fats  that  are  contained  in  the  vegetable  food, 
the  less  are  the  carbohydrates  digested  and  absorbed. 

[Vegetable  foods  are  characterized  by  the  very  large  amount  of  non-nitroge- 
nous substance  they  contain,  and  by  the  fact  that  this  is  usually  contained  incel- 
■  lulose  capsules,  which  ire 
either  not  or  with  difficulty 
dissolved  by  the  digestive 
juices,  and  they  always  jndd 
a  considerable  amount  of  in- 
digestible residue,  so  thil 
the  herbivorous  animals  al- 
ways pass  a  larger  quantity 
of  fseces  than  carnivorous 
Moreover,  vegetable  food  is 
not  so  fiilly  utilized  in  tbt 
digestive  tract  asanimal  food 
(p.  446).  Further,  the  poJ- 
ash  and  magnesia,  cspecialU 
the  phosphatic  salts,  at 
more  abundant  than  sodi 
and  lime,  while  there  is  littie 
chlorine  {Munk).'] 

I.  The  cereals  are  mi»t 
important  vegetable  foods ; 
they  con  tain  proteids,starch. 
salts,  and  about  1 4  per  ceni 
of  water.  The  nitrogenous  body  glutin  is  most  abundant  under  the  hnsl 
(fig.  290,  Kl).  The  use  of  whole  meal  containing  the  outer  layers  of  the  ; 
grain  is  highly  nutritive,  but  bread  containing  much  bran  is  somewhat  indi-  ! 
gestible  ijtubmr).     Their  composition  is  the  following: —  ; 


Section  of  part  of  a  grain  of  wheat;  ep,  epider 

cuticle'','  fn,  middle  layer;  ;«,  transverse,  and  Jf4,  tubu- 
lar cells;  br  and  n,  coats  of  the  seed;  Kl,  glutin  cells; 
I/,  starch-grains  ffilhio  cells. 


louPan 

is  of  the  Dry  MmI  conuin                                             i«,  Putt  of  Ash  conuin 

or 

,       Albumin. 

S^b. 

Rid  Whul. ,                                          WhiK  Wka: 

38.31 

a;? 

65.05 

97.87     i  Potash !      33-«4 

15.75      '  Soda. 

1-93     1  Lime.      3.09 

9.60        Magne^a, 13.54 

1.36     1  Iron  oxide,     .   .   .           a.31 

49.36  I  Phoaphorie  Acid.  50-» 
0.15     1  Silica 

Rye,    .  .  . 
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.    .  :     11.92 
.    .  1     17.70 

Buckwheat, 

.  .  1     6.8-io.s 

II  is  curious  t 

0  observe  that  soda 

la  absent  from  white  wheat,  its  place  being  taken  by  Mbo 
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alkalies.     Rye  contains  xnore  cellulose  and  dextrin  than  wheat,  but  less  sugar;  rye-bread  is 
usually  less  porous. 

The  following  table  by  K5nig  gives  their  composition,  although  they  vary  much  with  climate, 
soil,  cultivation,  etc. : — 


In  ICO  Parts. 


Water, 

Proteid, 

Fat, 

Carbohydrates  and 

N-free  extractives, 
Cellulose,    .... 
Ash, 


Wheat. 

Rye. 
It. I 

Bariey. 

Oats. 

Rice. 

Maize. 

1 

13.6 

13.8 

12.4 

I3.I 

I3.I 

12.4 

11.5 

II. I 

10.4 

7.9 

9-9 

1.8 

1.8 

2.2 

5.2 

0.9 

4.6 

67.9 

67.8 

64.9 

57.8 

76.5 

68.4 

2.5 

2.0 

5-3 

II. 2 

0.6 

2.5 

1.8 

1,8 

2.7 

30 

I.O 

1.5 

The  cereals  have  an  outer  envelope  composed  of  cellulose :  to  facilitate  di- 
gestion of  the  contents  the  cellulose  envelopes  are  crushed  or  removed  by  the 
process  of  *'  milling  ;*'  the  finely  ground  contents  constitute  flour  or  meal. 

[Oatmeal  contains  more  nitrogenous  substances  (gliadin  and  glutin-casein) 
than  wheaten  flour,  but  owing  to  the  want  of  adhesive  properties  it  cannot  be 
made  into  bread.     The  amount  of  fat  and  salts  is  large  (p.  447).] 

In  the  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  to 
it  is  added  salt  and  yeast  (Saccharomyces  cerevisiae).  When  placed  in  a  warm  oven,  the  pro* 
teids  of  the  meal  begin  to  decompose  and  act  as  a  ferment  upon  the  swollen-up  starch,  which 
becomes  in  part  changed  into  sugar.  The  sugar  is  further  decomposed  into  CO,  and  alcohol, 
the  CO,  forms  bubbles,  which  cause  the  bread  to  "  rise,"  and  thus  become  spongy  and  porous. 
The  alcohol  is  driven  off  by  the  baking  (200°),  while  much  soluble  dextrin  is  formed  in  the 
crust  of  the  bread.  [But  CO,  may  beset  free  within  the  dough  by  chemical  means  without 
yeast  or  leaven,  thus  forming  unfermented  bread.  Thi^  is  done  by  mixing  with  the  dough  an 
alkaline  carbonate,  and  then 'adding  an  acid.  Baking  powders  consist  of  carbonate  of  soda  and 
tartaric  acid.  In  Dauglish's  process  for  aerated  bread,  the  CO,  is  forced  into  water,  and  a 
dough  is  made  with  this  water  under  pressure,  and  when  the  dough  is  heated,  the  CO,  expands 
and  forms  the  spongy  bread.  Bread  as  an  article  of  food  is  deficient  in  N,  while  it  is  poor  in 
fats  and  some  salts.     Hence  the  necessity  for  using  some  form  of  fat  with  it  (butter  or  bacon).] 

2.  The  leguminous  seeds  or  pulses  contain  much  proteid,  especially 
legumin ;  together  with  starch,  lecithin,  cholesterin,  and  9  to  19  per  cent, 
water.  Owing  to  the  absence  of  glutin,  they  do  not  form  dough,  and  bread 
cannot  be  prepared  from  them.  On  account  of  the  large  amount  of  proteids 
which  they  contain,  and  on  account  of  their  cheapness,  they  are  admirably 
adapted  as  food  for  the  poorer  classes ;  excellent  soup  can  be  made  with  them. 

[The  following  table  from  Munk  shows  their  composition  contrasted  with  that  of  potatoes : — 


In  100  Parts. 


Water,  .  .  . 
Proteids,  .  . 
Fat,  .... 
Carbohydrates, 
Cellulose,  .  . 
Ash,    .... 


[3.  The  whole  group  of  farinaceous  substances  used  as  "pudding 
stuffs/'  such  as  corn-flour,  arrow-root,  rice,  hominy,  are  really  very  largely 
comi>osed  of  starchy  substances.] 

4.  Potatoes  contain  70  to  81  per  cent,  water,  and  of  the  solids  about  20 
per  cent,  consists  of  starch.  In  the  fresh  juicy  cellular  tissue,  which  has  an 
acid  reaction,  from  the  presence  of  phosphoric,  malic,  and  hydrochloric  acids, 
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there  is  16  to  33  per  cent,  of  starch,  3.5  soluble  albumin,  globulin,  and  a  tiact 
of  asparagin.     The  envelopes  of  the  cells  swell  up  by  boiling,  and  are  changed 
into  sugar  and  gums  by  dilute  acids.     The  cells  contain  a  large  number  of 
starch  granules  (fig.  291).     The  poisonous  soianin  occurs  in  the  sprouts.     In 
100  parts  oi potato  ash.  May  found  49.96  potash,  z.41  sodium  chloride,  8.[i 
potassium  chloride,  6.50  sulphuric  acid  derived  from  burned  proteids,  7. 1 7  silica. 
5.  In  fruits  the  chief  nutrient  ingredients  are  sugar  and  salts;  the  organic  acuis 
give  Ihem  their  characteristic  taste,  the  gelatinizing  substance  is  the  solublt 
so-called  pectin  (CaH«0„). 
which  can  be  prepared  arti- 
ficially by  boiling   the  veiy 
insoluble   pectosc   of    nnripe 
fruits  and  mulberries. 

6.  Green  Vegetablcsare 
especially  rich  in  salts  which 
resemble  the  salts  of  the  blood; 
thus,dry  salad  contains  33 pel 
cent,  of  salts  which  closelj 
resemble  thesalts  of  the  blood. 
Of  much  less  importa.nce  are 
the  starch,  cell- substance. 
dextrin,  sugar,  and  the  small 
amount  ofalbumin  which  tbey 
contain. 

[Vegel>bl«*  ftre  cbieey  uselol  fa 
the  salts  Ihej  coDtain,  irhUe  mm; 
of  iben  are  •nliacorbutic.  Tbc! 
value  is  Hilested  by  the  seriots  ik- 
(ects  of  nulrilion,  such  >s  SCBOT, 
which  result  when  they  arc  nO(  sap- 
plied  in  the  food.  In  Arctic  eipc 
ditions  and  the  oavy,  lime  joicx  b 
Fig.  2()i.  served  out  as  an  antiscoibattc.] 

Section  of  part  of  a  potato.  K,  capsule ;  //.  plasma,  con-  „  ^^^>'  °^  V«e"««ble  FW- 
t«n^g„liswi.h.S::i.S.arch.Bra^S;4rol;iacry...ls;  ,tot~«S  [^  ,^. 
'  food.     They  contain  z-S  times  u 

much  potash  as  soda,  so  thai  herbivora  take  5- 10  times  ai  much  potash  as  soda  in  ibeir  (bod.  Ban^ 
has  shown  that  this  large  consumption  of  potash  salts  bj  certain  of  these  animals  is  the  caax  oi 
the  great  amount  of  common  salt  required  by  them  {Munk).'] 

[PiescTved  Vegetables. — The  dried  and  compressed  vegetables  of  Messrs.  CboUet  &  Coo- 
pany  are  an  excellent  sulislitule  for  frah  vegetables,  and  are  used  largely  in  baval  and  militarr 
expeditions.] 

[Utilization  of  Food. — As  regards  what  percentage  of  the  food  swallowed 
is  actually  absorbed,  we  know  that,  stated  broadly,  vegetable  food  is  assimilated 
to  a  much  less  extent  than  animal  food  in  man.  Fr.  Hofmann  gives  the  following 
table  as  showing  this ; — 

Veggubls.  AatanaL 

I  Weight  of  Food.  j— — — 

I  Dlgaud.  'UndlEated.     D(]|sleit.   I  Ilml^i  in ' 

I  Of  100  partsof  solids, 75.5  34.5      I      89.9  11. 1 

Of  100      '■       albumin,  ,    .        46.6  53,4  81.1  t%S 

I  or  100      "       fats  or  carbohydrates, 90.3      i        9.7  96.9  3.1] 
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[The  following  table,  abridged  from  Parkes,  shows  the  composition  of  the  chief 
diet,  and  is  also  used  for  calculating  diet  tables : — 


Articles. 


Beef  Steak, 

Fat  pork, 

Smoked  ham, 

White  fish, 

Poultry, 

While  wheaten  bread, 

Wheat  flour, 

Biscuit, .    . 

Rice, 

Oatmeal, 

Maize, 

Macaroni, 

Arrow-root, 

Peas  (dry),      

Potatoes, 

Carrots, ' 

Cabbage,      

Butter, 

Egg  (tV  for  shell) 

Cheese, 

Milk  (S.  G.  1032), 

Cream, 

Skimmed  milk,       

Sugar,      


Water. 


74.4 

27.8 
78.0 
74.0 
40.0 
15.0 
8.0 
lO.O 
15.0 

13.5 
131 
15.4 
15.0 
74.0 
85.0 
91.0 
6.0 

73-5 
36.8 

86.8 

66.0 

88.0 

30 


Proteids. 


Fats. 


Carbo- 
hydrates. 


articles  of 

Salts.      ' 


20.5 
9.8 
24.0 
18.I 
21.0 
8.0 
II.O 

15-6 

5.0 

12.6 

lO.O 

9.0 

0.8 

22.0 
2.0 
1.6 
1.8 

0.3 

135 

33.5 
4.0 

2.7 

4.0 


3.5 
48.9 

36.5 
2.9 

3.8 

1.5 

2.0 

1-3 

0.8 

5.6 
6.7 
0.3 

■       • 

2.0 
0.16 
0.25 
5.0 
91.0 
1 1.6 

243 

3.7 
26.7 

1.8 


49.2 

70.3 
73-4 
83.2 
63.0 

64.5 
76.8 

83.3 

530 
21.0 

8.4 

5.8 


4.8 
2.8 

5.4 
96.5 


1.6 

2.3 
10. 1 

i.o 

1.2 

1-3 

1.7 

1.7 

0.5 

30 

1.4 

0.8 

0.27 

2.4 

1.0 

1.0 

0.7 

2.7 

1.0 

5-4 
0.7 

1.8 

0.8 

0.5] 


235.— CONDIMENTS,  COFFEE,  TEA,  ALCOHOL.— Some  substances  are  used 
along  with  food,  not  so  much  on  account  of  their  nutritive  properties  as  on  account  of  their 
stimulating  effects  and  agreeable  qualities,  which  are  exerted  partly  upon  the  organ  of  taste  and 
partly  upon  the  nervous  system.     These  are  called  condiments. 

Coffee,  Tea,  and  Chocolate  are  prepared  as  infusions  of  certain  vegetables  [the  first  of  the 
roasted  berry,  the  second  of  the  leaves,  and  the  third  of  the  seeds].  Their  chief  active  ingredients 
are  respectively  caffein,  thein  (CgHj^N^G,  -|-  H,0  trimethylxanthin),  and  theobromin 
(C^HgN^G,  dimethylxanthinV  which  are  regarded  as  alkaloids  of  the  vegetable  bases,  and  which 
have  recently  been  preparea  artificially  from  xanthin  (£.  Fischer),  [Guarana,  or  Brazilian 
cocoa,  is  made  of  the  seeds  ground  into  a  paste  in  the  form  of  a  sausage.  Mat6  or  Paraguay  tea 
(the  leaves  of  a  species  of  holly)  is  used  in  South  America,  and  so  also  is  the  coca  of  the  Andes 
(Erythroxylon  Coca).  These  *<  alkaloids  *'  occur  as  such  in  the  plants  containing  them  ;  they 
behave  like  ammonia;  they  have  an  alkaline  reaction,  and  form  crystalline  salts  with  acids.  AU 
these  vegetable  bases  act  upon  the  nervous  system ;  some  more  feebly  (as  the  above),  others  more 
powerfully  (quinine);  some  stimulate  powerfully,  or  completely  paralyze  (morphia,  atropin, 
strychnin,  curarin,  nicotin). 

Effects  of  Tea  and  Coffee. — ^All  these  substances  act  on  the  nervous  sys- 
tem ;  they  quicken  thought,  accelerate  movement,  and  stir  one  to  greater  activity. 
In  these  respects  they  resemble  the  stimulating  extractives  of  beef-tea.  Coffee 
contains  about  yi  per  cent,  of  caffein,  part  of  which  only  is  liberated  by  the 
act  of  roasting.  Tea  has  6  per  cent,  of  thein  ;  whilst  green  tea  contains  i  per 
cent,  ethereal  oil,  and  black  tea  ]4  per  cent. ;  in  green  tea  there  is  18  per 
cent.,  in  black  15  per  cent,  tannin  ;  green  tea  yields  about  46  per  cent.,  and 
the  black  scarcely  30  per  cent,  of  extract.  The  inorganic  salts  present  are 
also  of  importance ;  tea  contains  3.03  per  cent,  of  salts,  and  amongst  these  are 
soluble  compounds  of  iron,  manganese,  and  soda-salts.  In  coffee,  which  yields 
3.41  per  cent,  of  ash,  potash  salts  are  most  abundant;  in  all  three  substances 
the  other  salts  which  occur  in  the  blood  are  also  present. 

Alcoholic  drinks  owe  their  action  chiefly  to  the  alcohol  which  they  con- 
tain.    Alcohol,  when  taken  into  the  body,  undergoes  certain  changes  and  pro- 
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duces  certain  effects — (i)  About  95  per  cent,  of  it  is  oxidized  chiefly  into  CO, 
and  HsO,  so  that  it  is  so  far  a  source  of  heat.  As  it  undergoes  this  change  very 
readily,  when  taken  to  a  certain  extent,  it  may  act  as  a  substitute  for  the  con*- 
sumption  of  the  tissues  of  the  body,  especially  when  the  amount  of  food  is  in- 
sufficient. [Hammond  found  that  when  he  lived  on  an  insufficient  amount  of 
food,  alcohol,  if  given  in  a  certain  quantity,  supplied  the  place  of  the  deficiency 
of  food,  and  he  even  gained  in  weight.  If,  however,  sufficient  food  was  taken, 
alcohol  was  unnecessary.  As  it  interferes  with  oxidation,  and  where  there  is  a 
sufficient  amount  of  other  food,  in  health  it  is  unnecessary  for  dietetic  pur- 
poses.] Small  doses  diminish  the  decomposition  of  the  proteids  to  the  extent 
of  6  to  7  per  cent.  Only  a  very  small  part  of  the  alcohol  is  excreted  in  the 
urine  ;  the  odor  of  the  breath  is  not  due  to  alcohol,  but  to  other  volatile  sub- 
stances mixed  with  it,  e.g.,  fusel  oil,  etc.  (2)  In  small  doses  it  excites,  while 
in  large  doses  it  paralyzes  the  nervous  system.  By  its  stimulating  qualities  it 
excites  to  greater  action,  which,  however,  is  followed  by  depression.  (3)  It 
diminishes  the  sensation  of  hunger.  (4)  It  excites  the  vascular  system,  accel- 
erates the  circulation,  so  that  the  muscles  and  nerves  are  more  active,  owing  to 
the  greater  supply  of  blood.  It  also  gives  rise  to  a  subjective  feeling  of  warmth. 
In  large  doses,  however,  it  paralyzes  the  vessels,  so  that  they  dilate,  and  this 
much  heat  is  given  off  (§  213,  7  ;  §  227)  and  the  temperature  is  lowered.  The 
action  of  the  heart  also  becomes  affected,  the  pulse  becomes  smaller,  feebler, 
and  more  rapid.  In  high  altitudes  the  action  of  alcohol  is  greatly  lessoied, 
owing  to  the  diminished  atmospheric  pressure,  whereby  it  is  rapidly  given  odf 
from  the  blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want, 
and  where  the  food  is  insufficient  in  quantity.  When  alcohol  is  taken  regu- 
larly, more  especially  in  large  doses,  it  affects  the  nervous  system,  and  under- 
mines the  psychical  and  corporeal  faculties,  partly  from  the  action  of  the  im- 
purities which  it  may  contain,  such  as  fusel  oil,  which  has  a  poisonous  effect, 
upon  the  nervous  system,  partly  by  the  direct  effects,  such  as  catarrh  and  in- 
flammation of  the  digestive  organs,  which  it  produces,  and  lastly,  by  its  eflfect 
upon  the  normal  metabolism. 

[The  action  of  alcohol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  impor- 
tant. By  dilating  the  cutaneous  vessels,  it  thus  permits  of  the  radiating  of  much  beat  from  i^ 
blood.  When  the  action  of  alcohol  is  pushed  too  far,  and  especially  when  this  is  combined  vitk 
the  action  of  great  cold,  its  use  is  to  be  condemned.  Brunton  has  pointed  out  that,  as  ies*rds 
its  action  on  the  nervous  system,  it  seems  to  induce  progressive  paralysis,  affecting  the  ncrvovs 
tissues  <*  in  the  inverse  order  of  their  development,  the  highest  centres  being  affected  firtt  and  tbe 
lowest  last."  The  Judgment  is  affected  first,  although  the  imagination  and  **  emotions  may  be 
more  than  usually  active."  The  moior  centres  and  speech  are  affected,  then  the  cerebdlom  is 
influenced,  and  afterwards  the  cord,  while  by  and  by  the  centres  essential  to  life  are  paralyzed, 
provided  the  dose  is  sufficiently  large.] 

Preparation. — Alcoholic  drinks  are  prepared  by  the  fermentation  of  various  carbohydrates, 
such  as  sugar  derived  from  starch.     The  alcoholic  fermentation,  such  as  occurs  intbet^ajos- 

facture  of  beer,  b  caosed 
by  the  devdopment  <^  Uk 
yeast     plant,  Sacclkmro- 

^mk     ^     ^^ 

^    ^  ^  V  ^S^  J       \X*X  I  /r\  /   grape  (wine),  S.  dfipsoid- 

eus  is  the  species  pi 
(fig.  292).  Tbe  yeast. 


Fig.  292.  r*'\u'*^'i°!l 

*     ^  for  the  maintenance 
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I,  Isolated  yeast  cells;  2,  3,  yeast  cells  budding  ;  4,  5,  so-called  en-  organic  processes  <lirecily 
dogenous  formation  of  cells;  6,  sprouting  and  formation  of  buds,      from  the  mixture    of    t 

sugar,  viz.,  carbobydrm 
proteids,  and  salts,  especially  calcium  and  potassium  phosphates  and  magnesium  s^phate.  "Ph^ 
substances  undergo  decomposition  within  the  cells  of  the  yeast  plant,  which  multiply  darii^  the 
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process,  and  there  are  produced  alcohol  and  CO,  (J  150),  together  with  glycerin  (3.2  to  3.6  per 
cent.)  and  succinic  acid  (0.6  to  0.7  per  cent.).  Yeast  is  either  added  intentionally  or  it  reaches 
the  mixture  from  the  air,  which  always  contains  its  spores.  When  yeast  is  completely  excluded, 
or  if  it  be  killed  by  boiling  [or  if  its  action  be  prevented  by  the  presence  of  some  germicide],  the 
fermentation  does  not  occur.  The  alcoholic  fermentation  is  due  to  the  vital  activity  of  a  low 
organism. 

In  the  preparation  of  brandy,  the  starch  of  the  grain  or  potatoes  Ls  first  changed  into  sugar  by 
the  action  of  diastase  or  maltin.  Yeast  is  added,  and  fecmentation  thereby  produced  ;  the  mix- 
ture is  distilled  at  78.3°  C.  The  fusel  oil  is  prevented  from  mixing  with  the  alcohol  by  passing 
the  vapor  through  heated  charcoal.    The  distillate  contains  50  to  55  per  cent,  of  alcohol. 

In  the  preparation  of  wine,  the  saccharine  juice  of  the  grape — the  must— after  being  ex- 
pressed from  the  grapes,  is  exposed  to  the  air  at  lo**  to  15°  C,  and  the  yeast  cells,  which  are 
floating  about,  drop  into  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeast 
sinks  to  the  bottom.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  under- 
going an  after-fermentation,  until  the  sugar  is  converted  into  alcohol  and  CO,,  which  is  accom- 
panied by  the  deposition  of  some  yeast  and  tartar.  If  all  the  sugar  is  not  decomposed — which 
occurs  when  there  is  not  sufficient  nitrogenous  matter  present  to  nourish  the  yeast — a  sweet  wine 
is  obtained.  Wine  contains  89  to  90  per  cent,  water,  7  to  8  per  cent,  alcohol,  consisting  of  ethy- 
lic,  propylic,  and  butylic  alcohols.  Tne  red  color  of  some  wines  is  due  to  the  coloring  matter 
of  the  skin  of  the  grapes,  but  if  the  skins  be  removed  before  fermentation,  red  grapes  yield 
white  wine.  When  wine  is  stored,  it  develops  a  fine  flavor  or  bouquet.  The  characteristic  vinous 
odor  is  due  to  csnanthic  ether.    The  salts  of  wine  closely  resemble  the  salts  of  the  blood. 

In  the  preparation  of  beer  the  grain  is  moistened,  and  allowed  to  germinate,  when  the  tem- 
perature rises,  and  the  starch '(68  per  cent,  in  barley)  is  changed  into  sugar.  Thus  **  malt  "  is 
formed,  which  is  dried,  and  afterwards  pulverized,  and  extracted  with  water  at  70^  to  75°,  the 
watery  extract  being  the  **  wort."  Hops  are  added  to  wort,  and  the  whole  is  evaporated,  when 
the  proteids  are  coagulated.  Hops  give  beer  its  bitter  taste,  and  make  it  keep,  while  their  tan- 
nic acid  precipitates  any  starch  that  may  be  present,  and  clarifies  the  wort.  After  being  boiled, 
it  is  cooled  rapidly  (12^  C.)  ;  yeast  is  added,  and  fermentation  goes  on  rapidly  and  with  con- 
siderable eficrvescence  at  10^  to  14^.  Beer  contains  75  to  95  per  cent,  water;  alcohol,  2  to  5 
per  cent,  (porter  and  ale,  to  8  per  cent.) ;  CO,,  o.i  to  0.8  per  cent.;  sugar,  2  to  8  per  cent. ; 
gum,  dextrin,  2  to  10  per  cent. ;  the  hof»  yield  traces  of  protein,  fat,  lactic  acid,  ammonia  com- 
pounds, the  salts  of  the  grain  and  of  the  hops.  In  the  ash  there  is  a  great  preponderance  of 
phosphoric  acid  and  potash,  both  of  which  are  of  great  importance  for  the  formation  of  blood. 
In  100  parts  of  ash  there  are  40.8  potash,  20.0  phosphorus,  magnesium  phosphate  20,  calcium 
phosphate  2.6,  silica  16.6  per  cent.  The  formation  of  blood,  muscle,  and  other  tissues  from  the 
consumption  of  beer  is  due  to  the  phosphoric  acid  and  potash,  while  if  too  much  be  taken,  the 
potash  produces  fatigue. 

Condiments  are  taken  with  food^  partly  on  account  of  their  taste,  and 
partly  because  they  excite  secretion.  Common  salt,  in  a  certain  sense,  is  a 
condiment.  We  may  also  include  as  such  many  substances  of  unknown  consti- 
tution which  act  upon  the  gustatory  organs,  e,  g,,  dextrin,  and  substances  in  the 
crust  of  bread  and  in  meat  which  has  been  roasted. 

236.  EQUILIBRIUM  OF  THE  METABOLISM.— By  this  term  is 
meant  that,  under  normal  physiological  conditions,  just  as  much  material  is 
absorbed  and  assimilated  from  the  food  as  is  removed  from  the  body  by  the  ex- 
cretory organs  in  the  form  of  effete  or  end-products,  the  result  of  the  retro- 
gressive tissue-changes.  The  income  must  always  balance  the  expenditure; 
wherever  a  tissue  is  used  up,  it  must  be  replaced  by  the  formation  of  new  tissue. 
During  the  period  qf  growth,  the  increase  of  the  body  corresponds  to  an  in- 
creased formative  activity  whereby  the  metabolism  of  the  growing  parts  of  the 
body  is  2.5  to  6.3  times  greater  than  that  of  the  parts  already  formed.  Con- 
versely, during  senile  decay,  there  is  an  excess  of  expenditure  from  the  body. 

Methods. — The  normal  equilibrium  of  the  metabolism  of  the  body  is  investigated — (i)  By 
determinipg  chemicaUy  that  the  sum  of  all  the  substances  passing  into  the  body  is  equal  to  the 
sum  of  all  the  substances  given  off  from  it  Thus  the  C,  N,  H,  O,  salts  and  water  of  the  food, 
and  the  O  inspired,  must  be  equal  to  the  C,  N,  H,  O,  salts  and  water  given  off  in  the  excreta 
(urine,  £peces,  air  expired,  water  excreted).  (2)  The  physiological  equilibrium  is  determined 
empirically  by  observing  that  the  body  retains  its  normal  weight  with  a  given  diet ;  so  that,  by 
simply  weighing  a  person,  a  physician  is  enabled  to  determine  exactly  the  state  of  convalescence 
of  his  patient.  The  tedious  process  of  making  an  elementary  analysis  of  the  metabolic  sub- 
29 
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stances  was  first  undertaken  in  the  Munich  School  by  v.  Bischoff,  v.  Voit,  v.  Pettenkofer,  tod 
others. 

Circulation  of  C. — In  the  circulation  of  materials  the  total  amount  of  C 
taken  in  the  food,  if  the  metabolism  be  in  a  condition  of  ph3rsiological  qui- 
librium,  must  be  equalled  by  the  C  in  the  COj  given  off  by  the  lungs  and  skin 
(90  per  cent,),  together  with  the  relatively  small  amount  of  C  in  the  organic 
excreta  of  the  urine  and  faeces  (10  per  cent.) 

Circulation  of  N . — Nearly  all  the  N  taken  in  with  the  food  is  excreted 
within  twenty-four  hours  in  the  form  of  urea.  A  very  small  amount  of  nitro- 
genous matter  is  excreted  in  the  faeces,  while  the  other  nitrogenous  urinary  con- 
stituents (uric  acid,  kreatinin,  etc.)  represent  about  2  per  cent,  of  N.  A  trace 
of  the  N  is  given  off  by  the  breath  (§  1 24),  and  a  minute  proportion  in  combina- 
tion, in  the  epidermal  scales  (50  milligrams  daily  in  the  hair  and  nails),  and  io 
the  sweat. 

Deficit  of  N. — That  nearly  all  the  N  taken  in  the  food  reappears  in  the 
urine  and  faeces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  carnivora  and  in 
the  herbivora,  and  by  v.  Ranke  in  man,  is  contradicted  partly  by  old  and  partly 
by  new  observations,  which  go  to  show  that  the  whole  of  the  N  cannot  be  re- 
covered from  these  excretions,  but  that  on  the  contrary  there  is  a  deficit 

According  to  Leo,  only  0.55  per  cent,  of  the  albumin  transformed  withifl  the  body  (assmmBg 
1 5  per  cent.  N  in  albumin)  gives  off  its  N  in  the  form  of  gaseous  N  (according  to  Secgen  and 
Novtrak  12  times  more).  In  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excxtboc 
of  N  must  be  taken  into  account. 

The  excretion  of  N  after  food  does  not  take  place  regularly  from  hour  to  hour,  bat  it  is- 
creases  at  once  and  distinctly,  reaches  its  maximum  in  five  to  six  hours,  and  then  gradually  fails- 
The  same  is  true  of  the  excretion  of  S  and  P ;  but  in  these  cases  the  maximum  of  excretioo  s 
reached  at  the  fourth  hour.  When  fat  is  added  to  a  diet  of  flesh,  the  excretion  of  N  and  S  b 
uniformly  distributed  over  the  individual  hours  of  the  day  {v.  Voit  and  Feder), 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  O.  Thus  in  albumin  to  i  atom  of  N  there  are  4  atoms  C ;  in  geUtin,  3>i  C;  io 
glycocoU,  2  C;  in  kreatin,  i>^  C ;  in  uric  acid,  i)^  C ;  in  allantoin,  i  C ;  in  urea,  odIj  ): 
atom  of  C  (p.  430). 

Circulation  of  H  and  O  and  Salts. — The  H  leaves  the  body  chiefly  iii 
the  form  of  water — ^a  part,  however,  is  in  combination  in  other  excreta;  tbe 
O  is  chiefly  excreted  as  CO,  and  water ;  a  little  is  given  off  in  combination  in 
other  excreta ;  ^vater  is  given  off  by  evaporation  from  the  lungs  and  skin,  and 
also  in  the  urine  and  faeces.  As  H  is  oxidized  to  H,0,  more  water  is  excreted 
than  is  taken  in.  Most  of  the  readily  soluble  salts  are  given  off  by  the  urine ; 
the  less  soluble  salts,  especially  those  of  potash,  and  the  insoluble  salts,  in  the 
faeces  ;  while  others  are  given  off  in  the  sweat.  Of  the  sulphur  of  albumin, 
about  one-half  is  excreted  in  the  sulphur  compounds  in  the  urine,  and  theotlar 
half  in  the  faeces  (taurin)  and  in  the  epidermal  tissues. 

Every  organism  has  a  minimum  and  a  maximum  limit  of  metabolism. 
according  to  the  amount  of  work  done  by  the  body  and.  its  weight.  If  less  food 
be  given  than  is  necessary  to  maintain  the  former,  the  .body  loses  weight; 
while,  if  more  be  given  after  the  maximum  limit  is  reached,  the  food  so  gircn 
is  not  absorbed,  but  remains  as  a  floating  balance,  and  is  given  off  with  the 
faeces.  When  food  is  liberally  supplied,  and  the  weight  increases,  of  course  the 
minimum  limit  rises;  hence,  during  the  process  of  **  feeding  '*  or  "  fettening " 
the  amount  of  food  necessary  is  very  much  greater  than  in  p>oorly  fed  animals, 
for  the  same  increase  of  the  body-weight.  By  continuing  the  process  a  condi- 
tion is  at  last  reached  in  which  the  digestive  organs  are  just  sufficient  to  main- 
tain the  existing  condition,  but  cannot  act  so  as  to  admit  of  new  additions  bein^- 
made  to  the  body-weight  {y,  Bischoff^  v.  Vbt'l,  v,  Pettenkofer). 

By  the  term  **  luxus  consumption  *'  is  meant  the  direct  combustion  or 
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oxidation  of  the  superfluous  foodstuffs  absorbed  by  the  blood.  This,  however, 
does  not  exist.  On  the  contrary,  the  material  in  the  juices  is  always  being  used 
for  building  up  the  tissues.  The  albumin  found  in  the  fluids,  which  everywhere 
permeate  the  tissues,  has  been  called  "  circulating  albumin,"  and  according 
to  V.  Voit  it  undergoes  decomposition  sooner  than  the  organized  or  "  organic 
albumin  "  which  forms  an  integral  part  of  the  tissue.  According  to  v.  Voit, 
in  24  hours  i  per  cent  of  the  organic  and  70  per  cent,  of  the  circulating  albu- 
min is  used  up. 

[Liebig  taught  that  the  nitrogenoos  metabolism  of  the  body  depended  on  a  corresponding  de- 
composition of  the  proteids  of  the  organs,  so  that  the  proteids  in  the  food  supplied  the  place  of 
the  proteids  of  the  organs  thus  used  up.  He  called  the  proteids  **  plastic  foods  "  or  *<  tissue- 
formers,*'  while  he  regarded  the  fats  and  carbohydrates  as  **  respiratory  foods/'  as  he  sup- 
posed that  they  alone  were  concerned  in  the  evolution  of  heat.  As  a  matter  of  fact,  experiment 
proved  that  the  N  metabolism  is  to  a  large  extent  independent  of  the  proteids  of  the  food.  The 
loxQS- consumption  theory  was  invented  to  explain  this.  It  simply  means,  that  proteids  taken 
with  the  food  not  only  replace  the  amount  of  proteids  which  have  been  decomposed  during  the 
activity  of  organs  and  tissues,  but  that  any  excess  is  immediately  consumed  without  being  con- 
verted into  tissue,  and  thus  this  surplus  amount  giving  rise  to  heat  by  being  oxidized,  to  a  certain 
extent  replaces  the  fats  and  carbohydrates.  Voit  tried  to  show  that  nitrogenous  metabolism  is 
oot  influenced  by  the  activity  of  the  organism,  and  that  in  ordinary  conditions  only  a  small 
amount  of  the  organic  albumin,  i,e.,  that  composing  tissues  and  organs,  undergoes  decomposition, 
while,  owing  to  ^  action  of  the  cellular  elements  of  the  tissue,  a  large  amount  of  the  circulating 
alburoui  is  split  up,  so  that,  under  ordinary  conditions,  the  organic  albumin  is  comparatively 
stable.  This  view,  he  thought,  gained  support  from  a  comparison  of  the  urea  excreted,  for  the 
urea  may  be  taken  as  an  index  of  the  N  metabolism  in  well-fed,  fasting,  and  starving  animals.] 

[It  is  highly  doubtful,  however,  whether  we  can  draw  a  sharp  distinction  between  **  tissue 
proteids  '*  and  *'  circulating  proteids  "  as  fulfilling  two  different  functions.  Formerly  the  blood 
was  supposed  to  be  the  seat  of  oxidation,  but  we  have  seen  reason  to  believe  that  these  processes 
occur  in  the  tissues.  This  being  so,  it  seems  evident  that  the  food  does  not  undergo  decomposi- 
tion or  katabolic  changes  until  it  has  been  assimilated,  or  become  part  and  parcel  of  the  living 
tissues,  so  that  the  metabolic  products  are  not,  as  a  rule,  derived  from  the  food  direct,  but  from 
ihe  activity  of  the  living  tissues.  If  an  increased  quantity  of  food  be  taken,  the  excretion  of  waste 
products  is  also  increased.  On  Voit*s  doctrine  of*-  tissue  proteids"  and  "circulating  protpds," 
part  of  the  proteid  was  supposed  to  pass  into  the  blood,  and  not  to  be  built  up  into  tissues  at  all,  but 
was  oxidized  directly  in  tbe  blood  to  yield  heat  only.  The  theory  of  **  luxus-consumption  **  was 
invented  by  Voit  to  account  for  this  supposed  process,  because  it  seemed  a  wasteful  expenditure 
of  proteids.  This  theory,  however,  has  found  but  little  favor,  as  so  many  facts  are  against  it ; 
for  the  formation  of  metabolites  seems  to  be  essentially  a  function  of  living  material,  viz.,  the 
living  tissues  and  organs  of  the  body.] 

Quality  and  Quantity  of  the  Diet  for  a  healthy  adult. — As  far  as  his 
organization  is  concerned,  man  belongs  to  the  omnivorous  animals,  /.  e., 
those  that  can  live  upon  a  mixed  diet.  For  an  adequate  diet  man  requires 
for  his  existence  and  to  .maintain  health  a  mixture  of  the  following  four  chief 
groups  of  food-stuffs,  along  with  the  necessary  relishes ;  none  of  them  must  be 
absent  from  the  food  for  any  length  of  time.    They  are: — 

1.  Water— for  an  adult  in  his  food  and  drink,  2700  to  2800  grms.  (70  to 
90  oz.  daily  (§  229  and  §  247,  i). 

[Thirst. — The  needs  of  the  economy  for  water  are  expressed  by  the  sensation  of  thirst.  The 
sensation  of  heat  and  dryness  may  be  confined  lo  the  tongue,  mouth,  and  fauces,  and  indeed 
may  be  excited  by  inhaling  dry  air.  This  local  thirst  may  be  allayed  by  swallowing  water  or 
by  eating  substances  which  excite  the  secretion  of  saliva.  More  frequently,  however,  the  sensa- 
tion is  the  expression  of  a  general  condition  indicating  the  diminution  of  water  in  the  tissues;  or 
it  may  be  due  to  excess  of  saline  matters  in  the  blood.  In  some  diseases  this  sensation  is  very 
intense,  ^.^.f  diabetes.  If  water  be  injected  into  the  blood-vessels,  or  stomach,  both  the  general 
and  local  diirst  are  abolished,  even  although  no  water  enters  the  mouth.] 

2.  Inorganic  substances  or  Salts  are  an  integral  part  of  all  tissues,  and 
without  them  the  tissues  cannot  be  formed.  They  occur  in  ordinary  food. 
The  addition  of  too  much  salt  increases  the  consumption  of  water,  and  this  in 
turn  increases  the  transformation  of  N  in  the  body.     If  an  animal  be  deprived 
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of  salts,  nutrition  is  interfered  with ;  food  deprived  of  its  lime  affects  the  forma- 
tion of  the  bones ;  deprival  of  common  salt  causes  albuminuria  (347,  A,  III). 
The  alkaline  salts  serve  to  neutralize  the  sulphuric  acid  formed  by  the  oxidation 
of  the  sulphur  of  the  proteids.  Iron,  which  is  so  essential  for  the  formation  of 
blood,  exists  in  animals  and  plants  in  combination  with  complex  organic  bodies. 

Only  in  times  of  famine  is  man  driven  to  eat  large  quantities  of  inorganic  substances,  to  extnct 
the  organic  matter  mixed  therewith.  A.  y.  Humboldt  states,  in  regard  to  the  inhabitants  of  ibe 
Orinoco,  that  tbey  eat  a  kind  of  earth  which  contains  innumerable  infusoria. 

3.  At  least  one  animal  or  vegetable  albuminous  body  or  proteid  (§§  24S, 
250).  The  proteids  are  required  to  replace  the  used-up  nitrogenous  tissues, 
e,  g.^  for  muscles.     They  contain  15-18  per  cent.  N. 

The  proteids  in  blood  =  20.56  per  cent. ;  muscles,  19.9  per  cent.;  liver,  11.74  per  cent; 
brain,  8.63  per  cent. ;  blood-plasma,  7.5  per  cent. ;  milk,  3.94  per  cent.;  lymph,  2.46  per  cent 
According  to  Pfltiger  and  Bohland,  a  youth  of  full  stature,  and  62  kilos.  [136  11».]  weight,  <i^ 
composes  89.9  grms.  of  albumin  daily. 

Asparagin,  in  combination  with  gelatin,  can  replace  albumin  in  the  food  ( ffWri^^),  wbOe 
asparagin  alone  limits  the  decomposition  of  albumin  in  herbivora  but  not  in  camivora  {J.  Mumk], 
Ammoniacal  salts,  glycocoll,  sarkosin,  and  benzamid  increase  with  the  amount  of  albumin  in  tbe 
body. 

4.  At  least  one  fat  (§  251),  or  a  digestible  carbohydrate  (§  252).  These 
chiefly  serve  to  replace  the  transformed  fats  and  non-nitrogenous  constituents. 
Owing  to  the  large  amount  of  C  which  they  contain,  when  they  undergo  oxida- 
tion, they  form  the  chief  source  of  the  heat  of  the  body  (§  206).  Fats  and 
carbohydrates  may  replace  each  other  in  the  food,  and  in  inverse  proportion 
too,  corresponding  to  the  amount  of  C  which  each  contains.  As  far  as  the  mere 
evolution  of  heat  is  concerned,  100  parts  of  fat  =;  256  of  grape-sugar  =  234  of 
cane-sugar  =  221  of  dry  starch  {Buhner).  A  man  consumes  210  grms.  fat  daily. 

[5.  Every  proper  diet  ought  to  have  a  certain  degree  of  sapidity  or  flavor.  The  substances 
which  give  this  are  not  useful  in  the  evolution  of  energy  or  building  up  the  tissues,  but  tbey 
stimulate  the  nervous  system  and  excite  secretion.  They  are  called  **  Genussmittel "  (means  of 
enjoying  food)  by  the  Germans,  but  we  have  no  exact  equivalent  for  this  word  in  Englidi, 
though  the  articles  themselves  are  included  under  our  expression  *'  condiments."  These  sub- 
stances are  the  aromatic  matter  in  roast  meat  (osmasome),  tea,  vinegar,  salt,  mustard,  pepper, 
etc.] 

[Condition  of  Diet  for  Health. — In  an  adequate  diet,  not  only  (i)  should 
the  total  quantity  of  food  be  sufficient  and  not  more  than  suflicient,  but  (2)  the 
constituents  should  exist  in  proper  proportions,  (3)  be  digestible,  and  (4)  the 
whole  should  be  in  good  condition,  wholesome,  and  not  adulterated  wiih  any 
substance  prejudicial  to  health.] 

With  regard  to  the  relative  proportions  of  the  various  kinds  of  food  which 
ought  to  be  taken,  experience  has  shown  that  the  diet  best  suited  for  the  body 
must  contain  i  pari  of  nitrogenous  foods  to  ^yi  or,  at  most,  4^  of  the  mm-m/r^ 
genous.  Looking  at  ordinary  foods  from  this  point  of  view,  we  see  how  fax  they 
correspond  to  this  requirement,  and  how  several  substances  may  be  combined 
to  produce  a  satisfactory  diet. 

Nit.  Non-Nil.  Nil.  Non-Nit. ;                                         Nit  Noo-N*. 

1.  Veal, 10        X  8.  Pork,  ...    10  30  i  14.  Barley-meal,    10  57 

2.  Hare's  flesh,  .    .  10        2  9.  Cow's  milk,  10  30  '  15.  While 

3.  Beef, 10  17  10.  Human  milk,  10  37  I                potatoes,    .  10  86 

4.  Lemils,   ....  10  21  11.  Wheaten  ,  16.  Blue    *•        .  10  115 

5.  Beans,     ....  10  22  flour,    .    .    10  46  '  17.  Rice,     ...  10  125 

6.  Peas, 10  23  12.  Oat-meal,     .10  50  j  18.  Buckwheat- 

7.  Mutton,  ....  10  27  13.  Rye-meal,    .10  57                    meal,     .   .  10  130 

Ad  examination  of  this  table  shows  that,  in  addition  to  human  milk,  wheat-flour  has  the  rig bt 
proportion  of  nitrogenous  to  non- nitrogenous  substances.  A  man  who  tries  to  nourish  bioiKlf 
on  beef  alone  commits  as  great  a  mistake  as  the  one  who  would  feed  himself  on  potatoes 
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Experience  has  taught  people  that  man  may  live  upon  milk   and  eggs,  but  that  in  addition  to 
fledi  we  most  eat  bread  or  potatoes,  while  pulses  require  fat  or  bacon. 

The  diet  varies  with  the  climate  and  with  the  season  of  the  year.  As 
the  organism  must  produce  more  heat  in  cold  latitudes,  the  inhabitants  of 
northern  climates  must  eat  more  non-nitrogenous  foods,  such  as  fats  and  sugars 
or  starches,  which,  on  account  of  the  large  amount  of  C  they  contain,  are 
admirably  adapted  for  producing  heat  (§  214,  I,  4). 

Animal  Foods. 


Water. 


Beef. 
Pork. 
FovL 
Fish. 


L 


mm^m-r;':. 


li'l'''l'|l'l'llilNnlll'llll 


Proteids. 


Albuminoids.    N-free  org.  bodies. 


Salts. 


62 


&5 


78 


76 


FT 


Egg. 


L 


73r5 


Coir's 
milk. 


Hunuji 
milk 


"C 


cz 


WTicaten- 
breul. 


Peas. 
Rice. 


Water. 


1^ 


13 


86 


89 


Vegetable  Poods. 

lllliill'Jl'IIMllllllillllllllW 


^1,3 


lili 


"TTrriTTT 
II     I  I  II  ' 


,liii|iilHli'iiiiyilii| 


Proteld?.  Digestible.         Non- digestible.  Salts. 

N-free  organic  bodies. 


|.L|l|!|'t     Mvi|||:Jt| 


I  .1  i"ill'l:'l'IUllii'ri>l-'.n  ' 


lilliiL 


ilJMlil 


:"'"ii'iiiiiiiii;i 


iiLhi 


1 


,1 


:i   1' 


LUJ 


il'lMllLi.llliliiiil!'JL'lilililliliil.nlryiil 


|o« 


iiiJi!?^L!LJIjiJi:il;li!.!i'illl:lllillli.l 


I 


3.5 


1-5 


Potatoes. 


75 


1 


mm 

111 


^' 


White 
Turnip. 


90,5 


■ii.. 


CauK-"^ 
flower.  I 


Beer.r 


90 


90 


m 


0.5 


Fig.  293. 

The  graphic  representation  of  the  composition  of  foods  (fig.  293)  shows  the 
relative  proportions  of  the  most  important  food-stuffs,  and  how  they  vary  from 
the  standard  of  i  nitrogenous  to  ^j4  or  4^  non-nitrogenous. 

The  absolute  amount  of  food- stuffs  required  by  an  adult  in  twenty-four 
hoars  depends  upon  a  variety  of  conditions.     As  the  food  represents  thechemi- 
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cal  reservoir  of  potential  energy,  from  which  the  kinetic  energy  (in  its  various 
forms)  and  the  heat  of  the  body  are  obtained,  the  absolute  amount  of  food  mast 
be  increased  when  the  body  loses  more  heat,  as  in  winter,  and  when  more  mus- 
cular activity  (work)  is  accomplished.  Asa  general  rule,  an  adult  requires  daily 
130  grams  proteids,  84  grams  fats,  404  grams  carbohydrates,  and  50 
grams  salts. 

A  Healthy  Adult  requires  in  24  Hours  of  water-free  solids  :— 


Food  in  Grams. 


At  Rest 
{Plax/air). 


Moderate 
Work 


Laboriotts  Worlc 


{Mcleschotf).    1      {Piay/air).      ^''i^J%'^|{^ 


Proteids,      I 

Fats, ' 

Carbohydrates  (Sugar, Starch,  etc.),, 
Salts, •. 


70.87 

28.35 

310.20 

14.00 


130 

84 

404 

30 


15592 

70.87 

59750 
40.00 


137 

117 

352 
40 


[When  we  record  these  numbers  in  ounces  we  get  the  following  results  as 
water- free  solids  required  by  an  average  man  (^Farkes) : — 


Proteids,    .    .    , 
Fats,      .    .    .    . 
Carbohydrates, 
f  Salts,     ... 


At  Rest. 
2.5 

I.O 

12.0 

0.5 


Ordinary'  Work. 


4.6 

30 

14.4 

1.0 


Laborious  Work. 

6     to   7 

3-5  to   *^5 
16    to  18 

1.2  to    1.5 


Total  water-free  food, 


16.0 


23.0 


26.7  to  31.0 


During  ordinary  work  the  proportion  is  about : — 

Proteids  i  :  fats  0.6  :  carbohydrates  3.0, 
/'.  e.,  I  nitrogenous  to  3.6  non -nitrogenous.] 

[In  a  diet  for  ordinary  work  (23  oz.  of  dry  solids)  a  man  takes  about  -j-^  part 
of  his  own  weight  daily ;  ordinary  foody  however,  as  it  is  consumed,  contains 
between  50  and  60  per  cent,  of  water ;  if  we  add  this  proportion  of  water  to  the 
actually  dry  food,  we  get  48  to  60  oz.  of  ordinary  food  (exclusive  of  liquids). 
But  we  consume  50  to  80  oz.  of  water  in  some  liquid  form,  making  the  total 
amount  of  water  70  to  90  oz  {Parkes).'] 

The  following  tables  show  the  elementary  composition  of  the  income  and 
expenditure : — 


An  Adult  doing  a  Moderate  Amount  of  Work  takes  in : — 


C. 


120  grains  albumin,  containing 
90     •*      fats, 
330     **      starch, 


ti 


it 


64.18 

70.20 

146.82 


H. 

8.60 
10.26 
20.33 


N. 


18.88 


281.20 


39- '9 


18.88 


o. 

"^34 

9.54 
16285 

2oa73 


Add    744.11  grm.  O  from  the  air  by  respiration. 
2818        "      H,0. 

32        "      Inorganic  compounds  (salts). 


<i 


«i 


The  whole  is  equal  to 3^  kilos.  [7  lbs.],  /.  <?.,  about -5*^  of  the  body-weight; 
so  that  about  6  per  cent,  of  the  water,  about  6  per  cent,  of  the  fet,  about  i  per 
cent,  albumin,  and  about  0.4  per  cent,  of  the  salts  of  the  body,  are  daily  trans- 
formed within  the  organism. 
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An  Adult  doing  a  Moderate  Amount  of  Work  gives  off  in  grams : — 


Water. 


By  respiration, 330 

Perspiration, f  660 

Urine, '  1700 

Faeces, I  128 

I  2818 


c. 

H. 

N. 

? 

0. 

248.8 

651.15 

2.6 

•         • 

•        • 

7.2 

9.8 

,         3-3 

15.8 

II. I 

20.0 

'         3.0 

30 

12.0 

281.2 

6.3 

18.8 

681.45 

Add  to  this  (besides  2818  grams  water  as  drink)  296  grams  water  formed  in  the  body  by  the 
oxidation  of  H.  These  296  grams  of  water  contain  34.89  grms.  H,  and  263.41  grms.  O ;  26 
grms.  of  salts  are  given  off  in  the  urine,  and  6  by  the  faeces.  96.5  grms.  of  proteid  (  =.  1.46  grm. 
per  kilo.)  are  used  up  by  a  resting  adult  in  twenty  four  hours ;  but  while  working  107.6  grms. 
are  used.    Nomtnally  2.3  times  as  much  fat  as  albumiaare  used  up. 

The  investigations  of  the  Munich  School  have  shown  that  the  following  numbers  represent 
the  minimum  amount  of  food  necessary  for  different  ages  : — 


Age 


Nitrogenous. 


Giild  until  I  ^  year, 20-36  grms. 

"    from  6  to  15  years, 70-80     " 

Man  (moderate  work) 118     ** 

Woman           **                92      " 

Old  man, |  too     ** 

Old  woman, 80     " 


Fat. 

Carbohydrates. 

30-45  g'™s. 

37-50      *• 
56       " 

44      " 
68     " 
50     « 

1 

60-90  grms. 
250-400    •* 
500    " 
400    " 

350    " 
260    " 

Small  animals  have  a  more  lively  metabolism  than  large  ones.  In  small  animals  the  decom- 
position of  albumin  per  unit  weight  of  body  is  greater  than  in  large  animals  {v.  Voit),  Small 
toimals  as  a  rule  consume  more  proteid  than  larger  ones,  because  they  generally  have  less  bodily 
fal  {Rubntr). 

[Influence  of  Work  on  the  Metabolism. — When  muscular  work  is 
done  in  the  body,  there  is  a  much  greater  decomposition  of  non-nitrogenous 
substances  in  the  body,  the  carbohydrates  of  muscle  and  the  fats  of  the  body 
are  used  up,  and  after  they  ^re  largely  decomposed  the  muscular  tissue  itself  is 
used  up.  Pettenkofer  and  Voit  found  in  an  individual  weighing  70  kilos  (147 
lbs.)  that  his  diet  (mixed  diet)  at  rest  was — 

f^*^^^ /S/S^rn  Containing  19.5  grams  N. 

'^^^i **7  f  and  lie  c       ««       C 

Carbohydrates, 352     "      j  ^^  3>5-5  ^• 

Water, 2262     ** 

and  he  excreted — 


By  the  urine,  .    ,    . 
**       faeces, 
**      respiration, 

ToUl, 


Grams  N. 


17.4 
2.1 


Grams  C. 

12.6 

"4-5 
309.2 


Grams  Water. 


1194 

94 
1412 


19.5 


336.3 


2700  c  c. 


So  that  his  body  was  in  N  —  equilibrium  and  he  gave  off  also  438  grams  of 
water  and  20.8  grams  of  C  =  28  grams  of  fat.  When,  however,  he  did  a 
large  amount  of  work  he  took  the  same  amount  of  proteids  and  carbohydrates, 
but  nearly  double  as  much  fat  (§  294).] 

Relation  of  N  to  C  in  Foods  and  Dietaries. — In  most  of  the  ordinary 
articles  of  diet,  nitrogenous  and  non-nitrogenous  substances  are  present,  but  in 
very  varying  proportion,  in  the  different  foods.  Man  requires  that  these  shall 
be  in  the  proportion  of  x  :  3j^  to  I  :  4)^.     If  food  be  taken  in  which  this 
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proportion  is  not  observed,  in  order  to  obtain  the  necessary  amount  of  that 
substance  which  is  contained  in  too  small  proportion  in  his  food,  he  must  con- 
sume far  too  much  food.  In  order  to  obtain  the  130  grams  of  proteids 
necessary  a  person  must  use — 


Cheese, 
Lentils, 
Peas,    . 


.  388  grms. 

.491 

.582 


201 1  gnns. 
2039    " 
2261    « 


Beef, 614  gnns.     |     Rice, 2562  gnus. 

Eggs 968     "         I     Rye-bread,     .    .  2875    *• 

Wheat-bread,  .     1444     "         I     Potatoes,    .    .    10,000    ** 

provided  he  were  to  take  only  one  of  these  substances  as  food ;  so  that  if  a  work- 
man were  to  live  on  potatoes  alone,  in  order  to  get  the  necessary  amount  of  N 
he  would  have  to  consume  an  altogether  excessive  amount  of  this  kind  of  food. 
To  obtain  the  448  grains  of  carbohydrates,  or  the  equivalent  amount  of 
fat  necessary  to  support  him,  a  man  must  eat — 

Rice, 572  grms.         Peas, 819  gnns.         Cheese,  ... 

Wheat- bread,     .    625     "         |     Eggs, 902     *•  Potatoes,     .    . 

Lentils,  ....    806     "         |     Rye-bread,     .    .    930     "  Beef,  .... 

so  that  if  he  were  to  live  upon  cheese  or  flesh  alone,  he  would  require  to  eat  an 
enormous  amount  of  these  substances. 

In  the  case  of  herbivora,  the  proportion  of  nitrogenous  to  non-nitrogenous  food  necessary  k 
I  of  the  former  to  8  or  9  parts  of  the  latter. 

Lastly,  all  the  nutrient  material  is  not  necessarily  digested  and  absorbed  m 
the  intestinal  tract;  on  the  contrary,  there  always  remains  an  undigested  or  un- 
used residue  which  is  evacuated  with  the  faeces.  The  yield  of  dry  substance, 
with  rice  as  a  food,  is  4.1  per  cent.;  white  bread,  4.5  ;  flesh,  5.2;  egg,  5.2; 
milk,  9;  potatoes,  9.4;  peas,  11. 8;  beans,  18.3;  and  black  bread,  15 
{Prausniiz)  (§  180,  2). 

237.  HUNGER  AND  STARVATION.— If  a  warm-blooded  aninal 
be  deprived  of  all  food,  it  must,  in  order  to  maintain  the  temperature  of  its 
body  and  to  produce  the  necessary  amount  of  mechanical  work,  transform  and 
utilize  the  potential  energy  of  the  constituents  of  its  own  body.  The  result  is  that 
its  body-weight  diminishes  from  day  to  day,  until  death  occurs  from  starvation. 

The  following  table,  from  Bidder  and  Schmidt,  shows  the  amount  in  grams  of  the  difierot 
excreta  in  the  case  of  a  starved  cat : — 


I 

Day. 

Bodv- 
weight. 

Water 
taken. 

•        • 

Urine. 
98 

Urea. 

Inorganic 

Substances 

in  Urine. 

Dry 
Faeces. 

Expired  C 

Water  ie 

Urine 

and  Faeces. 

1. 

2464 

7.9 

1.3 

1.2 

»3-9 

91.4 

2. 

2297 

LI. 5 

54 

5.3 

0.8 

1.2 

12.9 

50-5 

3- 

2210 

•         • 

45 

4.2 

0.7 

I.I 

13 

42.9 

4.    . 

2172 

68.2 

45 

3.8 

0.7 

I.I 

12.3 

43 

5- 

2129 

•       • 

55 

4.7 

0.7 

1.7 

1 1.9 

54.1 

6. 

2024 

•       • 

44 

4.3 

0.6 

0.6 

1 1.6 

41.1 

7. 

1946 

•         a 

40 

3.8 

0.5 

0.7 

II 

37.5 

8- 

1873 

•         • 

42 

3-9 

0.6 

I.I 

10.6 

40 

9- 

1782 

15.2 

.    42 

4 

0.5 

1.7 

10.6 

4«-4 

10. 

I717 

•         • 

35 

Z'Z 

0.4 

1.3 

10.5 

34 

II. 

1695 

4 

32 

2.9 

0.5 

I.I 

10.2 

30-9 

12. 

1634 

22.5 

30 

2.7 

0.4 

I.I 

10.3 

29.6 

13- 

1570 

7.' 

40 

3.4 

0.5 

0.4 

10. 1 

36.6 

14. 

1518 

41 

3.4 

0.5 

r      0.3 

9-7 

38 

15. 

1434 

41 

2.9 

0.4 

0-3 

9-4      i 

38-» 

16. 

1389 

48 

3 

0.4 

0.2 

8.8 

45.5 

17. 

1335 

28 

1.6 

0.2 

0.3 

7.8 

26.6 

18. 

1267 
-II97 

1315 

'3 

0.7 
65.8 

O.I 

0.3 
15.7 

6.1 

12.9 

773 

• 

9.8 

1997 

734-» 
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The  cat  lost  1197  grms.  in  weight  before  it  died,  and  this  amount  is  appor- 
tioned in  the  following  way:  204.43  grms.  (=  17.01  per  cent.)  loss  of  albu- 
min ;  132.7s  grms.  (=  11.05  P^^  cent.)  loss  of  fat ;  863.82  grms.  loss  of  water 
(=z=  71.91  per  cent,  of  the  total  body-weight  lost). 

Methods. — In  order  to  investigate  the  condition  of  inanition  it  is  necessary — (i)  to  weigh 
the  animal  daily ;  (2)  to  estimate  daily  all  the  C  and  N  given  off  from  the  body  in  the  faeces, 
urine,  and  expired  air.  The  N  and  C,  of  course,  can  only  be  obtained  from  the  decomposition 
of  tissues  containing  them. 

Amongst  the  general  phenomena  of  inanition,  it  is  found  that  strong  well-nourished  dogs 
die  after  4  weeks,  man  after  21  to  24  days— (6  melancholies  who  took  water  died  after  41  days) ; 
small  mammals  and  birds  9  days,  and  frogs  9  months.  Vigorous  adults  die  when  they  lose  ^ 
of  their  body-weight,  but  young  individuals  die  much  sooner  than  adults.  The  symptoms  are 
obvious :  The  mouth  is  dry,  the  walls  of  the  alimentary  canal  become  thin,  and  the  digestive 
secretions  cease  to  be  formed ;  pulse-beats  and  respirations  are  fewer ;  urine  very  acid  from  the 
presence  of  an  increased  amount  of  sulphuric  and  phosphoric  acids,  whilst  the  chlorine  com- 
pounds rapidly  diminish  and  almost  disappear.  The  blood  contains  less  water  and  the  plasma 
less  albumin,  the  gall-bladder  is  distended,  which  indicates  a  continuous  decomposition  of  blood- 
corpuscles  within  the  liver.  The  liver  b  small  and  very  dark-colored,  the  muscles  are  very 
brittle  and  dry,  so  that  there  is  a  great  muscular  weakness,  and  death  occurs  with  the  signs  of 
great  depression  and  coma. 

Metabolism  during  Inanition. — The  relations  of  the  metabolism  are 
given  in  the  foregoing  table ;  the  diminution  in  the  excretion  of  urea  is  much 
greater  than  that  of  CO,,  which  is  due  to  a  larger  amount  of  fats  than  proteids 
being  decomposed.  According  to  the  calculation,  there  is  daily  a  tolerably 
constant  amount  of  fat  used  up,  while,  as  starvation  continues,  the  proteids  are 
decomposed  in  much  smaller  amounts  from  day  to  day,  although  the  drinking 
of  water  accelerates  their  decomposition. 

[Excretion  of  Urea  during  Inanition. — The  above  data  shows  that  the  urea  excreted  falls 
decidedly  during  the  first  few  days,  then  it  falls  to  a  minimum,  and  for  several  days  it  remains 
pretty  constant,  and  then  it  quickly  falls,  when  the  sjrmptoms  of  approaching  death  supervene. 
Sometimes  a  rise  in  the  quantity  excreted  takes  place  when  all  the  fats  are  used  up.] 

Loss  of  Weight  of  Organs. — It  is  of  importance  to  determine  to  what 
extent  the  individual  organs  and  tissues  lose  weight ;  some  undergo  simple  loss 
of  weight,  e.g.,  the  bones;  the  fat  undergoes  very  considerable  and  rapid 
decomposition,  while  other  organs,  as  the  heart,  undergo  little  change,  because 
they  seem  to  be  able  to  nourish  themselves  from  the  transformation  products  of 
other  tissues.  • 


A  starving  cat,  according  to  v.  Voit,  lost — 


I. 
2. 

3- 

4 


Per  cent, 
originally 
present. 

97 

66.7 


Fat, 

Spleen,    .    .    . 
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There  is  a  very  important  difference  according  as  the  animals  before  inani- 
tion have  been  fed  freely  on  flesh  and  fet  [/.  ^.,  if  they  have  a  surplus  store  of 
food  within  themselves],  or  as  they  have  merely  had  a  subsistence  diet.  Well- 
fed  animals  lose  weight  much  more  rapidly  during  the  first  few  days  than  on 
the  later  days.  V.  Voit  thinks  that  the  albumin  derived  from  the  excess  of 
food  occurs  in  a  state  of  loose  combination  in  a  body  as  **  circulating  "  or 
**  storage-albumifiy^  so  that  during  hunger  it  must  decompose  more  rapidly  and 
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to  a  greater  extent  than  the  ''organic  albumin,"  which  forms  an  integral 
part  of  the  tissues  (§  236).  Further,  in  fat  individuals,  the  decomposition  of 
fat  is  much  greater  than  in  slender  persons. 

[Comparative. — Cold-blooded  animals  live  much  longer  without  food  than  mamnals  or 
birds.  Snakes  may  live  half  a  year  and  frogs  nearly  a  year  without  food.  Dogs  may  sorvife  far 
4  weeks,  cats  and  horses  for  3  weeks  without  food  or  drink,  especially  if  they  are  quiet,  and  m( 
called  upon  to  make  any  exertion.  It  is  remarkable  that  small  mammals,  guinea-pigs  and  rats 
survive  only  for  a  few  days  (3-9) :  rabbits  even  19  days.  If  water  be  given,  however,  the  toimtU 
survive  longer,  dogs  for  4  weeks,  man  4  or  5  weeks,  and  the  dog  even  9  weeks.  Qoite  yooog 
animals  die  quicker  than  adults  {Munk),  As  to  a  human  being  many  factors  have  to  be  ttkeo 
into  account, — age  (old  persons  withstand  withdrawal  of  food  best),  amount  of  muscular  work 
done,  the  condition  of  the  atmosphere,  whether  it  is  moist  and  saturated  with  watery  vapor  or 
otherwise;  temperature  of  the  surroundings,  etc.  As  a  rule,  complete  abstinence  (rom  food  and 
drink  cannot  be  supported  for  more  than  8-10  dajrs,  although  there  are  exceptional  ca$es  oq 
record  where  life  has  been  sustained  for  forty  days  without  food,  water,  however,  being  lakto. 
Total  deprivation  of  food  in  man  usually  causes  death  in  the  third  week.] 

Zuntz  and  Lehmann,  experimenting  on  the  fasting  man  Cetti,  found  that  the  consumptkn  o(  0 
and  the  production  of  CO,  with  reference  to  the  unit  of  body-weight  very  rapidly  reached  a  ssm- 
mum,  under  which  it  did  not  fall,  although  the  person  continued  to  starve.  As  a  mean  the  0 
consumed  on  the  3d  to  6th  day  of  starvation  =  4.65  c.c.  per  minute  per  kilo.  The  respiratory 
metabolism  diminished  very  slowly,  but  not  in  proportion  to  the  loss  of  body- weight.  At  the 
beginning  of  starvation  the  CO,  fell  more  rapidly  than  the  O  consumed.  The  respiratory  qaoueat 
was  0.67.     The  urea  diminished  from  i-io  hunger  days  from  29  to  20  grams. 

238.  METABOLISM  ON  A  PURELY  FLESH  DIET.— A  man  is 

not  able  to  maintain  his  metabolism  in  equilibrium  on  a  purely  flesh  diet ;  if  be 
were  compelled  to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvi- 
ous. In  beef  the  proportion  of  nitrogenous  to  non -nitrogenous  elementary  con- 
stituents of  food  is  I  :  1.7  (p.  452).  A  healthy  person  excretes  380  grams  [8 
to  9  oz.]  of  carbon  in  the  form  of  CO,,  in  the  expired  air,  and  in  the  urine  asd 
faeces.  If  a  man  is  to  obtain  280  grams  C  from  a  flesh  diet  he  must  consume— 
digest  and  assimilate — more  than  2  kilos.  [4.4  lbs.]  of  beef  in  twenty-four  homs. 
But  our  digestive  organs  are  unequal  to  this  task  for  any  length  of  time.  The 
person  is  soon  obliged  to  take  less  beef,  which  would  necessitate  the  using  of 
his  own  tissues,  at  first  the  fatty  parts,  and  afterwards  the  proteid  substances. 

A  carnivorous  animal  (dog),  whose  digestive  apparatus,  being  specially  adapted  for  the 
digestion  of  flesh — a  short  intestine  and  powerfully  active  digestive  fluids— can  only  maintain  its 
metabolism  in  a  st^e  of  equilibrium  when  fed  on  a  flesh  diet  free  from  fat,  provided  its  bodr 
is  already  well  supplied  with  fat,  and  is  muscular.  It  consumes  ^^  to  ^V  P^*^  of  the  weight  of  its 
body  in  flesh,  so  that  the  excretion  of  urea  increases  enormously.  If  it  eats  a  larger  amoeot,  s 
may  **  put  on  flesh,  when  of  course  it  requires  more  to  maintain  itself  in  this  condition,  ontil  tbe 
limit  of  its  digestive  activity  is  reached.  If  a  well-nourished  dog  is  fed  on  less  than  ^^  to  A  £^ 
its  body- weight  of  flesh,  it  uses  part  of  its  own  fat  and  muscle,  (gradually  diminishes  in  wetgfaL 
and  ultimately  succumbs.  Poorly  fed,  non-muscular  dogs  are  unable  from  the  very  beginning  to 
maintain  their  metabolism  in  equilibrium  for  any  length  of  time  on  a  purely  flesh  diet,  as  tbej 
must  eat  so  large  a  quantity  of  flesh  that  their  digestive  organs  cannot  digest  it.  The  herbivort 
cannot  live  upon  flesh  food,  as  their  digestive  apparatus  is  adapted  solely  for  the  digestion  0^ 
vegetable  food. 

[The  proteid  metabolism  depends  (i)  on  the  amount  of  proteids  ingested, 
for  the  great  mass  of  these  becomes  changed  into  circulating  albumin  ;  (2)  opoo 
the  previous  condition  of  nutrition  of  the  organism,  for  we  know  that  a  certain 
amount  of  proteid  may  produce  very  different  results  in  the  same  individial 
when  he  is  in  good  health,  and  when  he  has  suffered  from  some  exhatisting  dis- 
ease. (3)  The  use  of  other  foods,  e,  g, ,  fats  and  carbohydrates.  If  a  certain 
amount  of  fat  be  added  to  a  diet  of  flesh,  much  less  flesh  is  required,  so  that  the 
N  metabolism  is  reduced  by  fat.  This  is  spoken  of  as  the  "  albumin-sparing 
action  of  fats."] 

Exactly  the  same  result  occurs  with  other  forms  of  proteids,  as  with  flesh. 
It  has  been  proved  that  gelatin  may  to  a  certain  extent  replace  proteids  in  the 
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food,  in  the  proportion  of  2  of  gelatin  to  i  of  albumin.  The  carnivora,  which 
can  maintain  their  metabolism  in  equilibrium  by  eating  a  large  amount  of  flesh, 
can  do  so  with  less  flesh  when  gelatin  is  added  to  their  food.  A  diet  of  gelatin 
alone,  which  produces  much  urea,  is  not  sufficient  for  this  purpose,  and  animab 
soon  lose  their  appetite  for  this  kind  of  food. 

[Gelatin. — Voit  has  shown  that  gelatin  readily  undergoes  metabolism  in  the  body  and  forms 
urea,  and  if  a  small  quantity  be  taken,  it  is  completely  and  rapidly  metabolized.  When  admin- 
istered it  acts  just  like  fats  and  carbohydrates  as  an  **  albumin-sparing  "  substance.  It  seems 
that  gelatin  is  not  available  directly  for*  the  growth  and  repair  of  tissues.]  Owing  to  the  great 
solubihty  of  gelatin,  its  value  as  a  food  used  to  be  greatly  discussed.  The  addition  of  gelatin  in 
the  form  of  calfs-foot  jelly  is  recommended  to  invalids.  [When  a  large  amount  of  gelatin  is 
given  as  food,  owing  to  the  large  and  rapid  excretion  of  urea,  the  latter  excites  diuresis.]  When 
cbondrin  is  g^ven  along  with  flesh  for  a  time,  grape-sugar  is  found  in  the  urine. 

[The  Metabolism  of  Peptones. — Most  of  the  proteids  absorbed  into  the 
blood  are  previously  converted  into  peptones  by  the  digestive  juices.  It  has 
been  asserted,  more  especially  by  Brucke,  that  some  albumin  is  absorbed  un- 
changed (§  192,  4),  and  that  only  this  is  capable  of  forming  organic  albumin, 
while  the  peptones,  after  undergoing  a  reconversion  into  albumin  as  they  pass 
through  the  intestinal  wall,  undergo  decomposition  as  such.] 

239.  A  DIET  OF  FAT  or  OF  CARBOHYDRATES.— If  fat  alone 

be  given  as  a  food,  the  animal  lives  but  a  short  time.  The  animal  so  fed  ex- 
cretes even  less  urea  than  whep  it  is  starving ;  so  that  the  consumption  of  fat 
limits  the  decomposition  of  the  animal's  own  proteids.  As  fat  is  easily  oxidized 
in  the  body,  it  yields  heat  chiefly,  and  becomes  sooner  oxidized  than  the  nitro- 
genous proteids  which  are  oxidized  with  more  difficulty.  If  the  amount  of  fat 
taken  be  very  large,  all  the  C  of  the  fat  does  not  reappear,  e.g.j  in  the  COj  of 
the  expired  air ;  so  that  the  body  must  acquire  fat,  whilst  at  the  same  time  it 
decomposes  proteids.  The  animal  thus  becomes  poorer  in  proteids  and  richer 
in  fats  at  the  same  time. 

[The  metabolism  of  fats  is  not  dependent  on  the  amount  of  fats  taken  with 
the  food.  I.  It  is  largely  influenced  by  work,  /.  ^.,  by  the  activity  of  the 
tissues,  and  in  fact  with  muscular  work  CO,  is  excreted  in  greatly  increased 
amount  (§  126,  6).  2.  By  the  temperature  of  the  surroundings,  as  more  CO.^ 
is  produced  in  the  cold  (§  214,  2),  and  far  more  fatty  foods  are  required  in  high 
latitudes.  In  their  action  on  the  organism,  proteids  and  fats  so  far  oppose  each 
other,  as  the  former  increase  the  waste,  and  therefore  oxidation,  while  the  Matter 
diminish  it,  probably  by  affecting  the  metabolic  activity  of  the  cells  themselves 
{Bauer).  AJsa  matter  of  fact,  fat  animals  or  persons  bear  starvation  better  than 
spare  individuals.  In  the  latter,  the  small  store  of  fat  is  soon  used  up,  and  then 
the  albumin  is  rapidly  decomposed.  For  the  same  reason  corpulent  persons  are 
very  apt  to  become  still  more  so,  even  on  a  very  moderate  diet.] 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  di- 
gestion into  sugar.  The  result  of  such  feeding  coincides  pretty  nearly  with  feed- 
mg  with  fat  alone.  But  the  sugar  is  more  easily  burned  or  oxidized  within  the 
body  than  the  fat,  and  17  parts  of  carbohydrate  are  equal  to  10  parts  of  fat. 
Thus  the  diet  of  carbohydrates  limits  the  excretion  of  urea  more  readily  than  a 
purely  fat  diet.  The  animals  lose  flesh,  and  appear  even  to  use  up  part  of  their 
own  fat. 

[The  metabolism  of  carbohydrates  also  serves  to  diminish  the  proteid 
metabolism,  as  they  are  rapidly  burned  up,  and  thus  **  spare  *'  or  **  economize  " 
the  circulating  albumin.  But  Pettenkofer  and  Voit  assert  that  they  are  rapidly 
destroyed  in  the  body,  even  when  given  in  large  amount,  so  that  they  differ 
from  fats  in  this  respect.  They  are  more  easily  oxidized  than  fats,  so  that  they 
are  always  consumed  first  in  a  diet  of  carbohydrates  and  fat.  By  being  con- 
sumed they  protect  the  proteids  and  fats  from  consumption.] 
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The  direct  introduction  of  grape-  and  cane*  sugar  into  the  blood  does  not  increase  theaDosot 
of  O  used,  but  the  amount  of  CO,  is  increased.  [The  doctrine  of  Liebig,  that  the  oxygen  takes 
in  is  a  measure  of  the  metabolic  processes,  is  refuted  by  these  and  other  experiments.  It  woold 
seem  that  fat  is  not  directly  oxidized  by  O,  but  that  it  is  split  up  into  other  simpler  compooAds 
which  are  slowly  and  gradually  oxidized ;  in  fact,  fat  may  lessen  the  amount  of  O  taken  io,  as  it 
diminishes  waste.] 

240.  FLESH  AND  FAT,  or  FLESH  AND  CARBOHY- 
DRATES.— An  amount  of  flesh  equal  to  ^  to  ^  of  the  weight  of  the  body 
is  required,  to  nourish  a  dog,  which  is  fed  on  a  purely  flesh  diet ;  if  the  necessary 
amount  of  fat  or  carbohydrates  be  added  to  the  diet,  a  smaller  quantity  of  flesh 
is  required  (  v,  Voit),  For  100  parts  of  fat  added  to  the  flesh  diet,  245  parts  of 
dry  flesh  or  227  of  syntonin  can  be  dispensed  with.  If  instead  of  fats  carbo- 
hydrates are  added,  then  100  parts  of  fat  =  230  to  250  of  the  latter  (^Ruhur). 
When  the  amount  of  flesh  is  insufficient,  the  addition  of  fat  or  carbohydrates  to 
the  food  always  limits  the  decomposition  of  the  animal's  own  substance.  Lastly, 
when  too  much  flesh  is  given  along  with  these  substances,  the  weight  of  the 
body  increases  more  with  them  than  without  them.  Under  these  circumstances, 
the  animal's  body  puts  on  more  fat  than  flesh.  The  consumption  of  O  in  the 
body  is  regulated  by  the  mixture  of  flesh  and  non-nitrogenous  substances,  rising 
and  falling  with  the  amount  of  flesh  consumed.  It  is  remarkable  that  more  0 
is  consumed  when  a  given  amount  of  flesh  is  taken,  than  when  the  same  amount 
of  fle:>h  is  taken  with  the  addition  of  fat. 

It  seems  that,  instead  of  fat,  the  corresponding  amount  of  fatty  acids  has  the  same  efiect  oc 
the  metabolism.  [If  a  dog  be  fed  with  fatty  acids  and  a  sufficient  amount  of  proteid,  no  £1(17 
acids  are  found  in  the  chyle,  while  fat  is  formed  synthetically,  the  glycerin  for  the  latter  prob^ 
being  produced  in  the  body  ({  192).]  They  are  absorbed  as  an  emulsion  just  like  tbefius- 
When  so  absorbed,  they  seem  to  be  reconverted  into  fats  in  their  passage  from  the  intestine  to  tk 
thoracic  duct,  perhaps  by  the  action  of  the  epithelium  of  the  villi.  [Glycerin  in  small  doses  las 
no  effect  on  the  metabolism  of  proteid^  but  in  large  doses  it  increases  it.  It  b  coosnmed  in  tbe 
body,  as  shown  by  expeiiments  on  the  respiratory  products,  and  it  prevents  a  certain  amovot  d 
fat  from  being  used  up.  About  20  per  cent,  is  excreted  in  the  urine  (Amsckink).  Theadmb- 
istration  of  glycerin  to  rabbits  leads  to  accumulation  of  sugar  in  the  liver  (p.  326),  but,  acoocxiief 
to  Ransom,  it  inhibits  the  formation  of  sugar  in  the  liver,  and  thus  leads  to  the  accunnilatioo  i' 
sugar  in  the  liver.  The  glycosuria  that  follows  injury  to  the  floor  of  the  fourth  ventricle  b  pre- 
vented by  glycerin,  and  so  is  iht  posi- mortem  change  of  glycogen  into  sugar.] 

241.  STRUCTURE  OF  ADIPOSE  TISSUE  AND  ORIGIN  OF 
FAT  IN  THE  BODY.— [This  tissue  is  widely  distributed  in  the  body;  n 
occurs  in  subcutaneous  tissue  as  the  ''panniculus  adiposus/'  around  man j  or- 
gans, such  as  the  kidney,  and  especially  in  stall-fed  animals  around  the  pericar- 
dium, in  the  omentum,  under  the  epicardium,  in  the  yellow  marrow  of  boocs, 
orbital  cavities,  etc.  None  is  found  within  the  cranium,  or  in  the  s{ibcutaDe<Ks 
tissue  of  the  eyelids. 

It  is  a  great  storehouse  of  reserve  material,  and  its  bulk  fluctuates  greatly.  It 
is  readily  formed,  and  it  may  be  very  quickly  absorbed  again  should  the  needs 
of  the  economy  require  it. 

Adipose  tissue,  when  examined  microscopically,  consists  of  little  bladders  or 
vesicles  filled  with  fat.  The  vesicles  may  be  spherical  or  polyhedral  fix)m  matnil 
pressure.  Each  cell  is  40-70  tx  in  diameter  and  consists  of  a  thin  transparent 
cell-'wall  or  envelope,  enclosing  a  large  globule  of  fat,  which  almost  completeiT 
fills  the  cell  (fig.  294).  At  the  side,  between  the  cell-wall  and  the  oil-globak, 
lies  the  nucleus,  surrounded  by  a  small  quantity  of  protoplasm.  From  the 
nucleus  occupying  this  eccentric  position,  and  when  the  whole  cell  is  seen  from 
the  side,  it  presents  an  appearance  somewhat  like  a  signet-ring.  A  thin  shell  ot 
protoplasm  extends  round  the  cell  between  the  envelope  and  the  globule  of  oil. 
A  fat-cell,  therefore,  may  be  regarded  as  an  altered  connective- tissue  corpascle. 
which  has  become  vacuolated,  and  in  the  single  large  vacuole  fat  is  formed.  The 
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fat-celks  are  arranged  in  lobules,  and  the  cells  in  each  lobule  are  kept  together 
b)  a  small  quantity  of  connective- tissue.  The  lobules  form  larger  polygonal 
lobes.  Ac  least  one  artery  and  two  veins  are  connected  with  a  lobule,  and 
around  the  fat-cells  is  a  plexus  of  capillaries,  so  that  in  its  general  arrangement 
it  assumes  a  glandular  type.] 

[Effect  of  Reagents  on  Fat-cells..~The  envelopes  are  readily  brought 
inio  evidence  by  dissolving  out  the  fat  by  means  of  hot  ether  or  alcohol.  The 
Docleus  is  stained  by  carmine  or  logwood,  while  the  fat  itself  is  blackened  by 
osmic  acid.  Sometimes  after  fat-cells  are  acted  on  by  glycerin,  or  alcohol,  or 
merely  after  they  are  removed  from  the  body,  they  exhibit  a  radiate  arrange- 
ment of  crystals  of  margarine  (fig.  295).] 

[Development  of  Fat-cells. — Apparently  they  are  derived  from  modified 
connective-tissue  corpuscles.  The  corpuscles  at  first  are  somewhat  spherical, 
and  in  their  protoplasm  small  droplets  of  oil  are  formed.  Gradually  these  drop- 
lets become  larger  and  more  numerous,  the  cell  at  the  same  time  enlarging,  and 
by  and  by  the  droplets  run  logether  to  form  one  large  globule  of  oil,  so  that  the 


Fig.  194-  Fig.  29S. 

F»t-cel]s  from  rabbit.     X  340.  F«-c*ll»  with  aiBi^vine  cryuals. 

^mains  of  the  protoplasm  and  the  nucleus  are  pushed  Co  one  side  immediately 
nder  the  cell-wall.] 

[EfCect  of  Starvation. — Starvation  rapidly  reduces  the  amount  of  fat  in  the 
ody.  Th«  fat-cells  gradually  and  rapidly  yield  up  their  fat,  and  their  envel- 
pes  remain,  diminished,  however,  in  size.  The  protoplasm  may  grow  some- 
hat,  and  in  it  appear  vacuoles  filled  with  a  fluid,  hence  these  now  altered  cells 
re  called  "serous  fat-cells."] 

I.  Part  of  the  fat  of  the  body  is  derived  directly  from  the  fat  of  the  food, 
^,  it  is  absorbed  and  deposited  in  the  tissues.  This  is  shown  by  the  fact 
lat,  with  a  diet  containing  a  small  amount  of  albumin,  the  addition  of  more  fat 
luses  the  deposition  of  a  larger  amount  of  fat  in  the  body  (v.  Voit,  Hofmann). 

[HofEnann  starved  >  fat  dog  for  30  days  until  ill  \\%  tal  was  uaed  u^.  He  fed  it  on  lard  and 
Intle  albumin  for  tive  days  and  then  killed  it.  In  ;  days  it  absorbed  :S;4  grms.  of  fal  and  254 
)»>.  of  albumin.  It  added  10  iis  tK>df  135  j  grms.  of  fat;  but  this  amount  conld  not  tie  formed 
Ml  the  pTOIeids  of  ihe  Tood,  and  ttieierore  the  fai  mnat  have  come  fiom  the  fat  of  the  food, 
[tlenkofer  and  Voit  arrived  at  the  same  result  in  another  way.  They  fed  dogs  on  flesh  and 
■Kb  fat,  and  by  their  respirstion-apiiaratus  estimated  the  gaseous  income  and  expenditure 
IJJ).  All  lit  N  taknt  in  riapptarid  in  Ihf  iitrita,  but  not  all  Ihi  C.  The  amount  of  C 
talaed  was  tetj  large,  therefore  a  non-nitrogenous  residue  must  have  been  laid  op  in  the  body. 
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and  it  could  only  be  fat»  as  this  was  the  only  substance  found  in  large  amount  in  the  body.  Tiwy 
estimated  the  possible  amount  of  fat  that  could  be  formed  from  the  proteids,  and  found  that  tbt 
amount  stored  up  was  far  greater  than  this ;  so  that  the  fat  of  the  food  must  have  been  stored  o^ 
in  the  tissues.] 

Lebedeff  found  that  dogs,  which  were  starved  for  a  month,  so  as  to  get  rid  of  all  their  own 
fat,  on  being  fed  with  linseed  oil,  or  mutton  suet  and  flesh,  had  these  fats  restored  to  their dsnes. 
These  fats,  therefore,  must  have  been  absorbed  and  deposited.  J.  Munk  found  the  same  oe 
feeding  animals  with  rape-seed  oil.  Fatty  acids  may  also  contribute  to  the  formation  of  fais,u 
glycerin  when  formed  in  the  body  must  be  stored  up  during  metabolism  (y.  Muni). 

Fatty  acids  may  contribute  to  the  formation  of  fats  by  union  with  the  glycerin  of  the  bodj 
during  the  metabolbm  (p.  378). 

II.  A  second  source  is  the  new  formation  of  fats  from  albuminous 
bodies.  In  the  case  of  the  formation  of  fat  from  proteids,  which  may  yield 
II  per  cent,  of  fat  (according  to  Henneberg  100  parts  of  dry  albumin  can  form 
51.5  of  fats,  together  With  33.45  urea,  and  27.4  CO,),  these  proteids  spUt  up 
into  a  non-nitrogenous  and  a  nitrogenous  atomic  compound.  The  former, 
provided  in  a  diet  containing  much  albumin,  it  is  not  completely  oxidized  into 
CO2  and  HjO,  is  the'substance  from  which  the  fat  is  formed — the  latter  leaves 
the  body  oxidized  chiefly  to  the  stage  of  urea. 

Examples. — That  fats  are  formed  from  proteids  is  shown  by  the  following:  i.  Aco* 
which  produces  I  lb.  of  butter  daily  does  not  take  nearly  this  amount  of  fatty  matter  in  its  food, 
so  that  the  fat  would  appear  to  be  formed  from  vegetable  proteids.  2.  Camivora  giving  sick, 
when  fed  on  plenty  of  flesh  and  some  fat,  yield  milk  rich  in  fat.  3.  Dogs  fed  with  pkotyof 
flesh  and  some  fat,  add  more  fat  to  their  bodies  than  the  fat  contained  in  the  food.  4.  Ffitt 
degeneration,  e.  g.^  of  nerve  and  muscle,  is  due  to  a  decomposition  of  proteids.  5.  The  trutsfcr* 
mation  of  entire  bodies,  e.  g  ,  such  as  have  lain  for  a  long  time  surrounded  with  water,  into  1 
mass  consisting  almost  entirely  of  palmitic  acid  or  adipocere  is  also  a  proof  of  the  tnosforai- 
tion  of  part  of  the  proteids  into  fats.  6.  Fungi  are  also  able  to  form  fat  from  albumin  dnicg 
their  growth.  [7.  In  starving  dogs,  Bauer  estimated  the  N  and  CO,  given  ofl",  and  O  taken  el 
and  then  slowly  poisoned  them  with  phosphorus,  and  he  found  that  the  excretion  of  N  was  ra* 
creased  twofold,  while  the  excretion  of  CO,  and  the  absorption  of  O  weie  diminished  ooe-btli 
Therefore  from  a  large  amount  of  nitrogenous  tissue,  a  nitrogenous  body  and  a  small  amoofttof 
a  carbonaceous  compound  were  excreted,  while  a  large  amoimt  of  a  non-nitrogenous  residue  vc 
retained  unconsumed.  There  was  fatty  degeneration  of  all  the  organs,  the  fat  being  derived  b^ 
the  non -nitrogenous  part  of  the  proteid.     The  same  obtains  with  arsenic  and  antimony.] 

Pats  not  merely  absorbed. — Experiments  which  go  to  show  that  the  fat  of  aninaabvdan^ 
the  fattening  process,  is  not  absorbed  as  such,  from  the  food,  are :  x.  Fattening  occurs  with  dob 
and  soaps ;  it  is  most  improbable  that  the  soaps  are  transformed  into  neutral  fats  by  taking  op 
glycerin  and  giving  up  alkali.  2.  If  a  lean  dog  be  fed  with  flesh  and  palmitin-  and  seshs- 
soda-soap,  the  fat  of  its  body  contains,  in  addition  to  palmitin  and  stearin,  oiein  fat,  so  that  the 
last  must  be  formed  by  the  organism  from  the  proteids  of  the  flesh.  Further,  Ssubotin  to^ 
that  when  a  lean  dog  was  fed  on  lean  meat  and  spermaceti-fat,  a  very  small  amount  of  thehdicf 
was  found  in  the  fat  of  the  animal.  Although  these  experiments  show  that  the  fat  of  the  body 
must  be  formed  from  the  decomposition  of  proteids,  they  do  not  prove  that  oi/the  £kI  ariies  a 
this'way,  and  that  none  of  it  is  absorbed  and  redeposited  ({  241, 1). 

III.  From  experiments  upon  fattening  warm-blooded  animals  (pig,  goose, 
dog)  however,  Lawes  and  Gilbert,  Lehmann,  Heiden,  v.  Wolff,  and  othcR. 
think  they  are  entitled  to  conclude  that  the  carbohydrates  absorbed  are 
directly  concerned  in  the  formation  of  fats,  a  view  which  is  supported  by  Hen- 
neberg, B.  Schulze,  and  Soxhlet.  Pigs  were  fed  by  Lawes  and  Gilbert  on  a 
large  excess  of  carbohydrates,  with  very  little  fat  and  albumin.  In  the  fbnna- 
tion  of  fat,  the  converse  process  takes  place,  as  compared  with  the  formation 
of  glycogen  from  proteid  (§  174).  The  molecular  group  CH.HO,  is  by  redoc- 
tion  changed  into  CHi  (Pfiuger).  Suppose  the  carbohydrate  (like  albumin  i 
to  be  decomposed  into  fat,  CO,  and  HjO,  then  100  grms.  starch  (=111.1  gnus 
sugar)  at  most  will  yield  41.4  grms.  fat,  47.5  grms.  CO,  and  11. 4  grras.  H.O 
(Met'se/).  According  to  Pasteur,  glycerin  (the  basis  of  neutral  fots)  may  t* 
formed  from  carbohydrates. 

[Tscherwinsky  fed  two  similar  pigs  from  the  same  litter  ;  No.  I.  weighed  7300  grms.;  KcU 
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7290  grm&  No.  I  was  killed,  and  its  fat  and  proteids  estimated.  No.  II  was  fed  for  four 
months  on  grain  and  then  killed,  the  grain  and  excreta  and  the  undigested  fat  and  proteids 
were  analyzed,  so  that  the  amount  of  fat  and  proteid  absorbed  in  four  months  was  estimated. 
The  pig  then  weighed  24  kilos.,  it  was  killed  and  its  £sit  and  proteids  estimated. 

No.  II.  contained    2.50  kilos,  albumin  and  9.25  kilos,  fat. 
No.  I.  "  0.96    ••  "  0.69 


Assimilated,  .    .    .    1.56 
Taken  in  in  food,  .    7.49 


»i 


».  »*  g  j5     u      .. 

t.  t.  r\  (\f\       ».         »« 


Difference,  •    •    •  —5.93     "  **         +  7-90 


•*      t( 


There  were  therefore  7.90  kilos,  of  fat  in  the  body  which  could  not  be  accounted  for  in  the  fat 
of  the  food.  The  5.93  kilos,  of  albumin  of  the  food  which  were  not  assimilated  as  albumin 
coaid  yield  only  a  small  ]>art  of  the  7.90  kilos,  of  fat,  so  that  at  least  5  kilos,  of  fat  must  have 
been  formed  from  carbohydrates.  Lawes  and  Gilbert  calculated  that  40  per  cent,  of  the  fat  in 
pigs  was  derived  from  carbohydrates.  How  the  carbohydrates  are  changed  into  fat  in  the  body 
IS  entirely  unknown.] 

Formerly  it  was  believed  that  bees  could  prepare  wax  from  honey  alone  ;  this  is  a  mistake — 
an  equivalent  of  albumin  is  required  in  addition — the  necessary  amount  is  found  in  the  raw 
honey  itself. 

24a.  CORPULENCE. — The  addition  of  too  much  fat  to  the  body  is  a  pathological  pheno- 
menon which  is  attended  with  disagreeable  consequences.  With  regard  to  the  causes  of  obesity, 
without  doubt  there  is  an  inherited  tendency  (in  33  to  56  per  cent,  of  the  cases)  in  many 
funilies — and  in  some  breeds  of  cattle, — to  lay  up  fat  in  the  body,  while  other  families  may  faie 
richly  supplied  with  fat,  and  yet  remain  lean.  Ine  chief  cause,  however,  is  taking  too  much 
food,  I. /.,  more  than  the  amount  required  for  the  normal  metabolism;  corpulent  people,  in 
order  to  maintain  their  bodies,  must  eat  absolutely  and  relatively  more  than  persons  of  spare 
habit,  under  analogous  conditions  of  nutrition  (J  236). 

Conditions  favoring  Corpulence. — (i)  A  diet  rich  va  proteids.,  with  a  corresponding  addi- 
tion ai  fat  or  carbohydrates.  As  flesh  or  muscle  is  formed  m>m  proteids,  and  part  of  the  fat  of 
the  body  is  also  formed  from  albumin,  th^  assumption  that  fats  and  carbohydrates  fatten,  or, 
when  taken  alone,  act  as  fattening  agents,  is  completely  without  foundation.  (2)  Diminished 
disintegration  of  materials  within  the  body,  e.  g.^  (a)  diminished  muscular  activity  (much  sleep 
and  little  exercise) ;  [b)  abrogation  of  the  sexual  functions  (as  is  shown  by  the  rapid  fattening  of 
castrated  animals,  as  well  as  by  the  fact  that  some  women,  after  cessation  of  the  menses,  readily 
become  corpulent) ;  (^)  diminished  mental  activity  (the  obesity  of  dementia),  phlegmatic  tem- 
perament. On  the  contrary,  vigorous  mental  work,  excitable  temperament,  care  and  sorrow, 
counteract  the  deposition  of  fat;  {d)  diminished  extent  of  the  respiratory  activity y  as  occurs 
when  there  is  a  great  deposition  of  fat  in  the  abdomen,  limiting  the  action  of  the  diaphragm 
(breathlessness  of  corpulent  people),  whereby  the  combustion  of  the  fatty  matters  which  become 
deposited  in  the  body,  is  limited  ;  {/)  a  corpulent  person  requires  to  use  relatively  less  heat-giving 
suhitances  in  his  body,  partly  because  he  gives  off  relatively  less  heat  from  his  compact  body 
than  is  done  by  a  slender  long-bodied  individual,  and  partly  because  the  thick  layer  of  isx  re- 
tards the  conduction  of  heat  (J  214,  4).  Thus,  corresponding  to  the  relatively  diminished  pro- 
duction of  heat,  more  fat  may  be  stored  up ;  (/)  a  diminution  of  the  red  blood- corpuscles ^  which 
are  the  great  exciters  of  oxidation  in  the  body,  is  generally  followed  by  an  increase  of  fat — fat 
people,  as  a  rule,  are  fat  because  they  have  relatively  less  blood  ({41) — women  with  fewer  red 
lilood-corposcles  are  usually  fatter  than  men;  (g)  the  consumption  of  alcohol  favors  the  conser- 
vation of  fat  in  the  body,  the  alcohol  is  easily  oxidized,  and  thus  prevents  the  fat  from  being 
burned  op  (J  235). 

Disadvantages  of  Corpulence. — Besides  the  inconvenience  of  the  great  size  and  weight  of 
the  body,  corpulent  people  suffer  from  breathlessness — they  are  easily  fatigued,  are  liable  to  in- 
iertrigo  between  the  folds  of  the  skin,  the  heart  becomes  loaded  with  fat,  and  they  not  unfre- 
[]nently  are  subject  to  apoplexy.  ^ 

In  order  to  counteract  corpulence  we  ought  to— (i)  Reduce  uniformly  all  articles  of  diet. 
The  diet  and  body  ought  to  be  weighed  from  week  to  week,  and  as  long  as  there  is  no  diminu- 
ion  in  the  body- weight  the  amount  of  food  ought  to  be  gradually  and  uniformly  reduc«4  (not- 
irtthstanding  the  appetite).  This  must  be  done  very  gradually  and  not  suddenly.  A  moderate 
eduction  of  fat  and  carbohydrates  in  a  normal  diet  at  the  same  time  leads  to  a  diminution  of 
iie  fat  of  the  body  itself.  Let  a  person  who  is  capable  of  muscular  exertion  take  156  grms. 
>ro(eid,  43  grms.  £it,  and  114  grms.  carbohydrates;  but  those  in  whom  congestions,  hydremia, 
>reathlessness  have  taken  place,  should  take  170  grms.  proteid,  25  grms.  fat,  and  70  grms.  carbo- 
lydrates  {^Oertel).  It  is  not  advisable  to  limit  the  amount  of  fat  and  carbohydrates  alone,  as  is 
kme  in  the  Banting-cure  or  Bantingism.    Apart  altogether  from  the  fact  that  fat  is  formed 
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from  proteids,  if  too  little  noD-nitrogCDOOs  food  he  takeo,  severe  d&turfoance  of  the  bodily  meta- 
bolism is  apt  to  occur.  (2)  It  is  advisable  during  the  chief  meal  to  limit  the  coasamption  of 
fluids  of  all  sorts  (even  until  three-quarters  of  an  hour  thereafter),  and  thus  render  the  absorptkn 
and  digestive  activity  of  the  intestine  less  active  ( Oertef),  (3^  The  muscular  aciiviiy  ought  to 
be  greatly  developed  by  doing  plenty  of  muscular  work,  or  takmg  plenty  of  exercise,  both  physi- 
cal and  mental.  (4)  Favor  the  evolution  of  heat  by  taking  cold  baths  of  considerable  durttioo, 
and  afterwards  nibbing  the  skin  strongly  so  as  to  caase  it  to  become  red ;  further,  dress  ligfailj, 
and  at  night  use  light  bed  clothing;  tea  and  coffee  are  useful,  as  they  excite  the  circulation.  (5) 
Use  gentle  laxatives :  acid  fruits,  cider ;  alkaline  carbonates  (of  Marienbad,  Carlsbad,  Vichj, 
Neuenahr,  Ems,  etc.]  act  by  increasing  the  intestinal  evacuations  and  diminishing  absorpboo. 
(6)  If  from  accumulation  of  fat  there  is  danger  of  failure  of  the  heart's  action,  Oertel  recom- 
mends hill-climbing,  whereby  the  cardiac  muscle  is  exercised  and  strengthened.  At  the  sane 
time  the  circulation  becomes  more  lively  and  the  metabolism  is  increased. 

[Oertel's  Method  goes  on  the  idea  of  strengthening  the  cardiac  musculature,  which  is  sought 
to  be  accomplished  by  (i)  limiting  the  amount  of  fluids  consumed,  and  (2)  carefully  regulated 
muscular  exertion.  The  amount  of  food  is  first  reduced  one-half,  and  the  water  to  a  still  lower 
amount,  while  the  nitrogenous  elements  in  food  are  increased,  the  non-nitrogenous  are  decreased. 
The  person  is  then  instructed  to  take  exercise  under  ceitain  medical  precautions,  first,  00  level 
ground,  and  then  on  gradually  increasing  gradients.] 

Patty  Degeneration. — The  process  of  fattening  consists  in  the  deposition  of  drops  of  £m 
within  the  fat-cells  of  the  panniculus  and  around  the  viscera,  as  well  as  in  the  marrow  of  boae 
(but  they  are  never  deposited  in  the  subcutaneous  tissue  of  the  eyelids,  of  the  penis,  of  the  red 
part  of  the  lips,  in  the  ears  and  nose).  This  is  quite  different  from  the  fatty  atrophy  or  Catty 
degeneration  which  occurs  in  the  form  of  fatty  globules  or  granules  in  albuminous  tissues,  e.^,^ 
in  muscular  fibres  (heart),  gland. cells  (liver,  kidney),  cartilage-cells,  lymph-  and  pus-corposdes. 
as  well  as  in  nerve  fibres  separated  from  their  nerve-cenires.  The  fat  in  these  cases  is  derirtd 
from  albumin,  much  in  the  same  way  as  fat  is  formed  in  the  gland-cells  of  the  mammary  and 
sebaceous  glands.  Marked  fatty  degeneration  not  unfrequently  occurs  after  severe  fevers,  and 
after  artificial  heating  of  the  tissues ;  when  a  too  small  amount  of  O  is  supplied  to  the  tissues, 
as  occurs  in  cases  of  phosphorus  poisoning  (Bauer) ;  in  drunkards ;  after  poisoning  with  an^nic 
and  other  substances,  and  after  some  disturbances  of  the  circulation  and  innervation.  Socne 
organs  are  especially  prone  to  undergo  fatty  degeneration  during  the  course  of  certain  disease^ 
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is  the  chief  medium  whereby  new  material  is  supplied  to  the  tissues  and  the 
effete  products  removed  from  them.  The  lymph  which  passes  through  the 
thin  capillaries  comes  into  actual  contact  with  the  tissue  elements.  Those 
tissues  which  are  devoid  of  blood-vessels  in  their  own  substance,  such  as  the 
cornea  and  cartilage,  receive  nutrient  fluid  or  lymph  from  the  adjacent  capil- 
laries, by  means  of  their  cellular  elements,  which  act  as  juice-conducting  media. 
Hence,  when  the  normal  circulation  is  interfered  with,  by  atheroma  or  calcifi- 
cation of  the  walls  of  the  blood-vessels,  these  tissues  are  secondarily  affected 
[this,  for  example,  is  the  case  in  arcus  senilis  of  the  cornea,  due  to  a  fatty  de- 
generation of  the  corneal  tissue,  owing  to  some  affection  of  the  blood-vessels 
on  which  the  cornea  depends  for  its  nutrition].  Total  compression  or  ligature 
of  all  the  blood-vessels  results  in  necrosis  of  the  parts  supplied  by  the  ligatured 
blood-vessels. 

Atrophies  caused  by  diminution  of  the  normal  supply  of  blood,  gradually,  in  the  course  d 
time  become  less  and  less  (Samuel), 

Hence  there  must  be  a  double  current  of  the  tissue  juices ;  the  afierent  or 
supply  current,  which  supplies  the  new  material,  and  the  efiferent  stream 
which  removes  the  effete  products.  The  former  brings  to  the  tissues  the  pro- 
teids,  fats,  carbohydrates,  and  salts  from  which  the  tissues  are  formed.  It  is 
evident  that  any  interruption  of  the  arterial  supply  to  the  tissues  will  diminbh 
this  supply. 

That  such  a  current  exists  is  proved  by  injecting  an  indifferent,  easily  recognizable  sufastaoce 
into  the  blood,  e.g,^  potassium  ferrocyanide,  when  its  presence  may  be  detected  in  the  tissoes,  tc 
which  it  has  been  carried  by  the  outgoing  current. 

The  efiferent  stream  carries  away  the  decomposition  products  fram  the 
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various  tissues,  more  especially  urea,  CO,,  H,0,  and  salts,  and  these  are  trans- 
ferred as  quickly  as  possible  to  the  organs  through  which  they  are  excreted. 

That  SQch  a  current  exists  is  proved  by  injecting  such  a  substance  as  potassium  ferrocyanide 
into  the  tissues,  e,  g,,  subcutaneously,  when  its  presence  may  be  detected  in  the  urine  wiihin  two 
to  five  minutes. 

If  the  current  from  the  tissues  to  the  blood  is  so  active  that  the  excretory 
organs  cannot  eliminate  all  the  effete  products  from  the  blood,  then  these 
products  are  found  in  the  tissues.  When  certain  poisons  are  injected  subcu- 
taneously, they  pass  rapidly  into  the  blood  and  are  carried  in  ^reat  quantity  to 
other  tissues,  e,g.f  to  the  nervous  system,  on  which  they  act  with  fatal  effect, 
before  they  are  eliminated  to  any  great  extent  from  the  blood  by  the  action  of 
the  excretory  organs.  The  effete  materiab  are  carried  away  from  the  tissues  by 
/2»^  channels,  viz.,  by  the  veins  and  by  the  lymphatics,  so  that  if  these  be 
interfered  with,  the  metabolism  of  the  tissues  must  also  suffer.  When  a  limb 
is  ligatured  so  as  to  compress  the  veins  and  the  lymphatics,  the  efferent  stream 
stagnates  to  such  an  extent  that  considerable  swelling  of  the  tissues  or  oedema 
may  occur  (§  203).  The  action  of  the  muscles  and  fasciae  are  very  important  in 
removing  these  effete  matters. 

H.  Nasse  found  that  the  blood  of  the  jugular  vein  is  0.225  per  looo  specifically  heavier  than 
the  blood  of  the  carotid,  and  contains  0.9  part  per  1000  more  solids;  looo  cubic  centimetres 
of  blood  circulating  through  the  head  yield  alx>ut  5  cubic  centimetres  of  transudation  into  the 
tissues. 

The  extent  and  intensity  of  the  metabolism  of  the  tissues  depend 
upon  a  variety  of  factors. 

I.  Their  activity. — The  increased  activity  of  an  organ  is  indicated  by  the 
increased  amount  of  blood  going  to  it,  and  by  the  more  active  circulation 
through  it  (§  100).  When  an  organ  is  completely  inactive,  such  as  a  paralyzed 
mosrle,  or  the  peripheral  end  of  a  divided  nerve,  the  amount  of  blood  and  the 
nutritive  exchange  of  fluids  diminish  within  these  parts.  The  parts  thus 
thrown  out  of  activity  become  pale,  relaxed,, and  ultimately  undergo  fatty  de- 
a^eneration.  The  increased  metabolism  of  an  organ  during  its  activity  has 
3een  proved  experimentally  in  the  case  of  muscle,  and  (§  294)  also  in  the 
)rain  (Speck).  I^angley  and  Sewell  have  recently  observed  directly  the  meta- 
>olic  changes  wiihin  sufficiently  thin  lobules  of  glands  during  life.  The  cells 
)f  serous  glands  (§  143),  and  those  of  mucous  and  pepsin -forming  glands  (§  164), 
luring  quiescence,  become  filled  with  coarse  granules,  which  are  dark  in  trans- 
nitted  light  and  white  in  reflected  light,  which  granules  are  consumed  or  dis- 
ppear  during  granular  activity.  During  sleep,  when  most  organs  are  at  rest, 
be  metabolism  is  limited  ;  darkness  also  diminishes  it ;  while  light  excites  it, 
bviously  owing  to  nervous  influences.  The  variations  in  the  total  metabolism 
f  the  body  are  reflected  in  the  excretion  of  CO,  (§  126,  9)  and  urea  (§  257), 
^hich  may  be  expressed  graphically  in  the  form  of  a  curve  corresponding  with 
tie  activity  of  the  organistn  ;  this  curve  corresponds  very  closely  with  the  daily 
ariations  in  the  respirations,  pulse,  and  temperature  (§  213,  4). 
2.  The  composition  of  the  blood  has  a  marked  effect  upon  the  current 
n  which  the  metabolism  of  the  tissues  depends.  Very  concentrated  blood, 
hich  contains  a  small  amount  of  water,  as  after  profuse  sweating,  severe 
iarrhoea,  cholera,  makes  the  tissues  dry,  while  if  much  water  be  absorbed  into 
ie  blood,  the  tissues  become  more  succulent  and  even  oedema  may  occur, 
^hen  much  common  salt  is  present  in  the  blood,  and  when  the  red  blood- 
Drpuscles  contain  a  diminished  amount  of  O,  and  especially  if  the  latter  con- 
ition  be  accompanied  by  muscular  exertion  causing  dyspnoea,  a  large  amount 
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of  albumin  is  decomposed,  and  there  is  a  great  formation  of  urea.  Hence, 
exposure  to  a  rarefied  atmosphere  is  accompanied  by  increased  excretion  of 
urea.  Certain  abnormal  conditions  of  the  blood  produce  remarkable  results; 
blood  charged  with  carbonic  oxide  cannot  absorb  O  from  the  air,  and  does  not 
remove  CO,  from  the  tissues  (§  1 6).  The  presence  oi  hydrocyanic  acid  in  the  blood 
(§  16)  is  said  to  interrupt  at  once  the  chemical  oxidation  processes  in  the  blood, 
so  that  rapid  asphyxia,  owing  to  cessation  of  the  internal  respiration,  occurs. 
Fermentation  is  interrupted  by  the  same  substance  in  a  similar  way.  A  diminution 
of  the  total  amount  of  the  blood  causes  more  fluid  to  pass  from  the  tissues  into 
the  blood,  but  the  absorption  of  substances — such  as  poisons  or  pathological 
effusions — from  the  tissues  or  intestines  is  delayed.  If  the  substances  which 
pass  from  the  tissues  into  the  blood  be  rapidly  eliminated  from  it,  absorption 
takes  place  more  rapidly. 

3.-  The  blood-pressure,  when  it  is  greatly  increased,  causes  the  tissues  to 
contain  more  fluid,  while  the  blood  itself  becomes  more  concentrated,  to  the 
extent  of  3  to  5  per  1000.  We  may  convince  ourselves  that  blood-plasma 
easily  passes  through  the  capillary  wall,  by  pressing  upon  the  efTerent  vessel 
coming  from  the  chorium  deprived  of  its  epidermis,  e,  ^.,  by  a  bum  or  a  blister, 
when  the  surface  of  the  wound  becomes  rapidly  suffused  with  plasma.  Diminu- 
tion of  the  blood-pressure  produces  the  opposite  result.  The  oxidation  pro- 
cesses in  the  body  are  diminished  after  the  use  of  P,  Cu,  ether,  chloroform,  and 
chloral. 

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does 
not  increase  the  breaking  up  of  albumin  and  fats.     (See  §§  220,  221,  225.) 

5.  The  influence  of  the  nervous  system  on  the  metabolism  is  twofold 
On  the  one  hand,  it  acts  indirectly  through  its  effect  upon  the  blood-vessels,  by 
causing  them  to  contract  or  dilate  through  the  agency  of  vaso-motor  nerves, 
whereby  it  influences  the  amount  of  blood  supplied,  and  also  affects  the  blood- 
pressure.  But  quite  independently  of  the  blood-vessels,  it  is  probable  that  certain 
special  nerves — the  so-called  trophic  nerves — influence  the  metabolism  or 
nutrition  of  the  tissues  (§  342,  c").  That  nerves  do  influence  directly  the  trans- 
formation of  matter  within  the  tissues  is  shown  by  the  secretion  of  saliva  resoit 
ing  from  the  stimulation  of  certain  nerves,  after  cessation  of  the  circulation 
(§  145),  and  by  the  metabolism  during  the  contraction  of  bloodless  muscles. 
Increased  respiration  and  apnoea  are  not  followed  by  increased  oxidatioc 
(^Pflug^r)  (§  126,  8). 

SGaskell  has  raised  the  question  as  to  the  existence  of  katabolic  and  anabolic  nerves  ooe 
ling  respectively  the  analjrtic  and  synthetic  metabolism  of  the  tissues.] 


244.  REGENERATION  OP  TISSUES  AND  ORGANS.— The  extent  to  wfakklos 
parts  are  replaced  varies  greatly  in  different  organs.  Amongst  the  lower  animals,  the  paitsof 
organs  are  replaced  to  a  far  greater  extent  than  amongst  wann-blooded  animals.  "VMieo  a  hfia 
is  divided  into  two  parts,  each  part  forms  a  new  individual — nay,  if  the  body  of  the  animal  be 
divided  into  several  parts  in  a  particular  way,  then  each  part  gives  rise  to  a  new  individvi 
(Spallanzani).  The  Planarians  also  show  a  great  capability  of  reproducing  lost  parts  (£h^c' 
Spiders  and  crabs  can  reproduce  lost  feelers,  limbs,  and  claws;  snails,  part  of  the  head,  feden. 
and  eyes,  provided  the  central  nervous  system  is  not  injured.  Many  fishes  reproduce  fins,  ereo 
the  tail  fin.  Salamanders  and  lizards  can  produce  an  entire  tail,  including  bones,  mttscle^  me: 
even  the  posterior  part  of  the  spinal  cord;  while  the  triton  reproduces  an  amputated  limb,  the 
lower  jaw,  and  the  eye.  This  reproduction  necessitates  that  a  small  stump  be  left,  whDe  tottr 
extirpation  of  the  parts  prevents  reproduction. 

In  amphibians  and  reptiles  the  regeneration  of  organs  and  tissues,  is  a 
whole,  takes  place  after  the  type  of  the  embryonic  development,  and  the  saoK 
is  true  as  regards  the  histological  processes  which  occur  in  the  regenerated  taii 
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and  other  parts  of  the  body  of  the  earth-worm.  In  amphibians  and  reptiles 
the  same  kind  of  tissue  is  formed  as  the  tissue  which  has  been  injured.  The 
spinal  cord  is  regenerated  from  the  epithelium  of  the  spinal  canal.  The  leu- 
cocytes, in  the  process  of  new  formation,  are  merely  concerned  in  the  nutrition 
of  the  parts,  and  do  not  enter  into  their  construction  {Fraisse),  [One  of  the 
most  remarkable  cases  is  the  regeneration  of  the  retina  in  tritons  after  section 
of  the  optic  nerve  iGrtffint).'\ 

The  extent  to  which  regeneration  can  take  place  in  mammals  and  in  man 
is  very  slight,  and  even  in  these  cases  it  is  more  marked  in  young  individuals. 
A  true  regeneration  occurs  in — 

1.  The  blood,  including  the  plasma,  the  colorless  and  colored  corpuscles 
(^§  7  and  §  41). 

2.  The  epidermal  appendages  (§  283)  and  the  epithelium  of  the  mucous 
membranes  are  reproduced  by  a  proliferation  of  the  cells  of  the  deeper  layers 
of  the  epithelium,  with  simultaneous  division  of  their  nuclei.  Epithelial  cells 
are  reproduced  as  long  as  the  matrix  on  which  they  rest  and  the  lowest  layer  of 
cells  are  intact.  When  these  are  destroyed  cell-regeneration  from  below  ceases, 
and  the  cells  at  the  margins  are  concerned  in  filling  up  the  deficiency.  Re- 
generation, therefore,  either  takes  place  from  below  or  from  the  margins  of  the 
wound  in  the  epithelial  covering ;  leucocytes  also  wander  into  the  part,  while 
the  deepest  layer  of  cells  forms  large  multi-nucleated  cells,  which  reproduce  by 
division  polygonal  fiat  nucleated  cells.  [In  the  process  of  division  of  the  cells, 
the  nucleus  plays  an  important  part,  and  in  so  doing  it  shows  the  usual  mitotic 
figures  (§  431).]  The  nails  grow  from  the  root  forwards;  those  of  the  fingers 
in  four  to  five  months,  and  that  of  the  great  toe  in  about  twelve  months, 
although  growth  is  slower  in  the  case  of  fracture  of  the  bones.  The  matrix  is 
co-extensive  with  the  lunule^  and  if  it  be  destroyed  the  nail  is  not  reproduced 
(§  ^84).  The  eyelashes  are  changed  in  100  to  150  days,  the  other  hairs  of 
the  body  somewhat  more  slowly.  If  the  papilla  of  the  hair-follicle  be  destroyed, 
the  hair  is  not  reproduced.  Cutting  the  hair  favors  its  growth,  but  hair  which 
has  been  cut  does  not  grow  longer  than  uncut  hair.  After  hair  has  grown  to  a 
certain  length,  it  falls  out.  The  hair  never  grows  at  its  apex.  The  epithelial 
cells  of  mucous  membranes  and  secretory  glands  seem  to  undergo  a  regular 
series  of  changes  and  renewal.  The  presence  of  secretory  cells  in  the  milk 
(§  231)  and  in  the  sebaceous  secretion  (§  285)  proves  this;  the  spermatozoa  are 
replaced  by  the  action  of  spermatoblasts.  In  catarrhal  conditions  of  mucous 
membranes,  there  is  a  great  increase  in  the  formation  and  excretion  of  new 
epithelium,  while  many  cells  are  but  indifferently  formed  and  constitute  mucous 
corpuscles.  The  crystalline  lens,  which  is  just  modified  epithelium,  is 
reorganized  like  epithelium ;  its  matrix  is  the  anterior  wall  of  its  capsule,  with 
the  single  layer  of  cells  covering  it.  If  the  lens  be  removed,  and  this  layer  of 
cells  retained,  these  cells  proliferate  and  elongate  to  form  lens  fibres,  so  that  the 
whole  cavity  of  the  empty  lens  capsule  is  refilled.  If  much  water  be  withdrawn 
from  the  body,  the  lens  fibres  become  turbid.  [A  turbid  or  opaque  condition 
of  the  lens  may  occur  in  diabetes,  or  after  the  transfusion  of  strong  common 
salt  or  sugar  solution  into  a  frog.] 

3.  The  blood-vessels  undergo  extensive  regeneration,  and  they  are  re- 
generated in  the  same  way  as  they  are  formed  (§  7,  B).  Capillaries  are  always 
the  first  stage,  and  around  them  the  characteristic  coats  are  added  to  form  an 
artery  or  a  vein.  When  an  artery  is  injured  and  permanently  occluded,  as  a 
general  rule  the  part  of  the  vessel  up  to  the  nearest  collateral  branch  becomes 
obliterated,  whereby  the  derivatives  of  the  endothelial  lining,  the  connective- 
tissue  corpuscles  of  the  wall,  and  the  leucocytes  change  into  spindle-shaped 
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cells,  and  form  a  kind  of  cicatricial  tissue.  Blind  and  solid  outshoots  arealwa)^ 
found  on  the  blood-vessels  of  young  and  adult  animals,  and  are  a  sign  of  the 
contipual  degeneration  and  regeneration  of  these  vessels.  Lymphatics  behave 
in  the  same  way  as  blood-vessels ;  after  removal  of  a  lymphatic  gland,  a  new 
lymphatic  formation  may  be  produced  (^Bayer), 

4.  The  contractile  substance  of  muscle  may  undergo  regeneration  after 
it  has  become  partially  degenerated.  This  takes  place  after  amyloid  or  wax- 
like degeneration,  such  as  occurs  not  unfrequently  after  typhus  and  other  severe 
fevers.  This  is  chiefly  accomplished  by  an  increase  of  the  muscle  corpuscles. 
After  being  compressed,  the  muscular  nuclei  disappear,  and  at  the  same  tiooe 
the  contractile  contents  degenerate.  After  several  days,  the  sarcoleroma  con- 
tains numerous  nuclei  which  reproduce  new  muscular  nuclei  and  the  contractile 
substance.  In  fibres  injured  by  a  subcutaneous  wound,^  Neumann  found  that, 
after  five  to  seven  days,  there  was  a  bud-like  elongation  of  the  cut  ends  of  the 
fibres,  at  first  without  transverse  striation,  but  with  striation  ultimately.  If  a 
large  extent  of  a  muscle  be  removed,  it  is  replaced  by  cicatricial  connective- 
tissue.  Non-striped  muscular  fibres  are  also  reproduced  ;  the  nuclei  of  the 
injured  fibres  divided  after  becoming  enlarged,  and  exhibit  a  well-marked  intra- 
nuclear plexus  of  fibrils.  The  nuclei  divide  into  two,  and  from  each  of  these 
a  new  fibre  is  formed,  probably  by  the  differentiation  of  the  peri-nuclear  proto- 
plasm. 

5.  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to 
permit  the  function  of  the  nerve  to  be  established.  On  the  contrary,  marked 
changes  occur.  If  a  piece  be  cut  out  of  a  nerve-trunk,  the  peripheral  end  of 
the  divided  nerve  degenerates,  the  axial  cylinders  and  the  white  substance  of 
Schwann  disappear.  The  interval  is  filled  up  at  flrst  with  juicy  cellular  tissue. 
The  subsequent  changes  are  fully  described  in  §  325,  4.  There  seems  to  be  in 
peripheral  nerves  a  continual  disappearance  of  fibres  by  fatty  degeneration, 
accompanied  by  a  consecutive  formation  of  new  fibres  (JSigm.  Mayer),  The 
regeneration  of  peripheral  ganglionic  cells  is  unknown.  V.  Voit,  however, 
ol^erved  that  a  pigeon,  part  of  whose  brain  was  removed,  had  within  five 
months  reproduced  a  nervous  mass  within  the  skull,  consisting  of  medullated 
nerve-fibres  and  nerve-cells.  Eichhorst  and  Naunyn  found  that  in  young  dogs, 
whose  spinal  cords  were  divided  between  the  dorsal  and  lumbar  regions,  tliere 
was  an  anatomical  and  physiological  regeneration,  to  such  an  extent  that  yoIud- 
tary  movements  could  be  executed  (§  338,  3).  Vaulair,  in  the  case  of  hop. 
and  Masius  in  dogs,  found  that  mobility  or  motion  was  first  restored,  and  after- 
wards stn*iibility.  Regeneration  of  the  spinal  ganglia  did  not  occur.  [The 
taste-bulbs  undergo  regeneration  after  they  have  undergone  degenentivt 
changes  following  section  of  the  glosso-pharyngeal  nerve  {Griffini).'] 

6.  In  many  glands,  the  regeneration  of  their  cells  during  normal  activity  is 
very  active — sebaceous,  mucous,  Lieberkiihnian,  uterine,  mammary  glands 
during  pregnancy — in  others  less.  If  a  large  portion  of  a  secretory  gland  be 
removed,  as  a  general  rule,  it  is  not  reproduced.  A  gland,  if  injured,  aod  if 
suppuration  follows,  is  not  regenerated.  But  the  bile-ducts  (§  173)  and  the 
pancreatic  duct  may  be  reproduced  (§  171).  According  to  Phillippcaaxard 
Grifiini,  if  part  of  the  spleen  be  removed  it  is  reproduced  (§  103).  Tiiiofu 
and  Collucci  observed  the  formation  of  new  liver-cells  and  bile-docts  after 
injnrv  to  the  liver,  and  in  fact  enormous  masses  of  liver  may  be  reproduced 
(^Griffiniy  Ponfick)  (§  173),  and  Pisenti  makes  the  same  statement  as  regards  ibc 
kidney.  After  mechanical  injury  to  the  secretory  cells  of  glands  (li^w, 
kidney,  salivary,  Meibomian),  neighboring  cells  undergo  proliferation,  and 
aid  in  the  restoration  of  the  cells. 
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7.  Amongst  connective-tissues,  cartilage,  provided  its  perichondrium  be  not 
injured,  reproduces  itself  by  division  of  its  cartilage  tells ;  but  usually  when  a 
part  of  a  cartilage  is  removed,  it  is  replaced  by  connective-tissue. 

8.  When  a  tendon  is  divided,  proliferation  of  the  tendon  cells  occurs,  and 
the  cut  ends  are  united  by  connective-tissue. 

9.  The  reproduction  of  bone  takes  place  to  a  great  extent  under  certain 
conditions.  If  the  articular  end  be  removed  by  excision,  it  may  be  fepro- 
dnced,  although  there  is  a  considerable  degree  of  shortening.  Pieces  of  bone 
which  have  been  broken  off  or  sawn  off  heal  again,  and  become  united  with  the 
original  bone.  A  tooth  may  be  removed,  replanted  in  the  alveolus,  and  be- 
come fixed  there.  If  a  piece  of  periosteum  be  transplanted  to  another  region 
o(  the  body,  it  eventually  gives  rise  to  the  formation  of  new  bone  in  that 
locality.  If  part  of  a  bone  be  removed,  provided  the  periosteum  be  left,  new 
bone  is  rapidly  reproduced  ;  hence,  the  surgeon  takes  great  care  to  preserve  the 
periosteum  intact  in  all  operations  where  he  wishes  new  bone  to  be  reproduced. 
Even  the  marrow  of  bone,  when  it  is  transplanted,  gives  rise  to  the  forma- 
tion of  bone.     This  is  due  to  the  osteoblasts  adhering  to  the  osseous  tissue. 

Id  fracture  of  a  long  bone,  the  periosteum  deposits  on  the  surface  of  the  ends  of  the  broken 
bones  a  ring  of  substance  which  forms  a  temporary  support,  the  external  callus.  At  first  this 
ctllos  is  jelly-like,  soft,  and  contains  many  corpuscles,  but  afterwards  it  becomes  more  solid 
and  somewhat  like  cartilage.  A  similar  condition  occurs  within  the  bone,  where  an  internal 
callus  is  formed.  The  formation  of  this  temporary  callus  is  due  to  an  inflammatory  prolifera- 
tion of  the  connectiye-tissue  corpuscles,  and  partly  to  the  os'eoblasts  of  the  periosteum  and 
marrow.  According  to  Rigal  and  Vignal,  the  internal  callus  is  always  osseous,  and  b  derived 
from  the  marrow  of  the  bone.  The  outer  and  inner -callus  become  calcified  and  ultimately 
ossified,  whereby  the  broken  ends  are  reunited.  Towards  the  fortieth  day,  a  thin  layer  of  bone 
is  formed  (intermediary  callus)  between  the  ends  of  the  bone.  Where  this  begins  to  be 
definitely  ossified,  the  outer  and  inner  callus  begin  to  be  absorbed,  and  ultimately  the  inter- 
mediary callus  has  the  same  structure  as  the  rest  of  the  bone. 

There  are  many  interesting  observations  connected  with  the  growth  and  nietat>olism  of 
bones,  i.  The  addition  of  a  very  small  amount  of  phosphorus  or  arsenious  acid  to  the  food 
causes  considerable  thickening  of  the  bones.     This  seems  to  be  due  to  the  non-absorption  of  those 

C  of  the  bones  which  are  usually  absorbed,  while  new  growth  is  continually  taking  place.  2. 
n  food  devoid  of  lime-saUs  is  given  to  an  animal,  the  growth  of  the  bones  is  not  arrested,  but 
the  bones  become  thinner,  whereby  all  parts,  even  the  organic  basis  of  the  bone,  undergo  a  uni- 
brm  diminution.  3.  Feeding  with  madder  makes  the  bones  red,  as  the  coloring  matter  is  de- 
posited with  the  bone-salts  in  the  bone,  especially  in  the  growing  and  last-formed  parts.  In 
3irds  the  shell  of  the  egg  becomes  colored.  4.  The  continued  use  of  lactic  acid  dissolves  the 
x>nes.  The  ash  of  bone  is  thereby  diminished.  If  lime-salts  be  withheld  at  the  same  time,  the 
ifTect  is  greatly  increased,  so  that  the  bones  come  to  resemble  rachitic  bones.  (Development  of 
»ne,  I  447.) 

When  a  lost  tissue  is  not  replaced  by  the  same  kind  of  tissue,  its  place  is 
dways  taken  by  cicatricial  connective-tissue. 

When  this  is  the  case,  the  part  becomes  inflamed  and  swollen,  owing  to  an  exudation  of 
ilasma.  The  blood-vessels  become  dilated  and  congested,  and,  notwithstanding  the  slower 
irculation,  the  amount  of  blood  is  greater.  The  blood  vessels  are  increased,  owing  to  the 
Hmation  of  new  ones.  Colorless  blood-corpuscles  pass  out  of  the  vessels  and  reproduce  them- 
elves,  and  many  of  them  undergo  fatty  degeneration,  whilst  others  take  up  nutriment  and 
ecome  converted  into  large  uninucleated  protoplasma  cells,  from  which  giant  ceUs  are  developed, 
lie  newly  formed  blood-vessels  supply  all  these  elements  with  blood. 

245.  TRANSPLANTATION  OF  TISSUES.— The  nose,  ear,  and 
ven  a  finger,  after  having  been  severed  from  the  body  by  a  clean  cut,  have, 
uder  certain  circumstances,  become  united  to  the  part  from  which  each  was 
emoved.  The  skin  is  frequently  transplanted  by  surgeons,  as,  for  example, 
3  form  a  new  nose.  The  piece  of  skin  is  cut  from  the  forehead  or  arm,  to 
rhich  it  is  left  attached  by  a  bridge  of  skin,  is  then  stitched  to  the  part  which 
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it  is  desired  to  cover  in,  and  when  it  has  become  attached  in  its  new  situation, 
the  bridge  of  skin  is  severed.  Reverdin  cut  a  piece  of  skin  into  pieces  about 
the  size  of  a  pea  and  fixed  them  on  an  ulcerated  surface,  where  they,  as  it  were, 
took  root,  grew,  and  sent  off  from  their  margins  epithelial  outgrowths,  so  thai 
ultimately  the  whole  surface  was  covered  with  epithelium.  [White  skin  trans- 
planted to  a  negro  ultimately  becomes  pigmented,  and  black  skin  transplanted 
to  a  white  person  becomes  white.]  The  excised  spur  of  a  cock  was  transplanted 
and  fixed  in  the  comb  of  the  same  animal,  where  it  grew  (^John  Hunter).  P. 
Bert  cut  off  the  tail  and  legs  of  rats  and  transplanted  them  under  the  skin  of 
the  back  of  other  rats,  where  they  united  with  the  adjoining  parts.  Oilier  found 
that,  when  periosteum  was  transplanted,  it  grew  and  reproduced  bone  in  its 
new  situation.  Even  blood  and  lymph  may  be  transfused  (Transfusion,  §  102). 
[Small  portions  (1.5  mm.)  of  epiphyses,  costal  cartilage,  of  a  rabbit  or  kitten, 
when  transplanted  quite  fresh  into  the  anterior  chamber  of  the  eye,  testis,  sub- 
maxillary  gland,  kidney,  and  under  the  skin  of  a  rabbit,  attach  themselves  and 
grow,  and  the  growth  is  more  rapid  the  more  vascular  the  site  on  which  the 
tissue  is  transplanted.  Even  rabbit's  bone  has  been  transplanted  to  the  human 
subject  and  grown  in  its  new  site.  The  cartilage  is  not  essentially  diflFerent 
from  hyaline  cartilage,  but  the  cells  are  fewer  in  the  centre,  while  the  mairix 
tends  to  become  fibrous.  Small  pieces  of  epiphysial  cartilage  introduced  into 
the  jugular  vein  were  found  as  cartilaginous  foci  in  the  lungs.  Tissues  trans- 
planted from  embryonic  structures  grow  far  better  than  adult  tissues.  If  a  por- 
tion of  the  cornea  of  a  rabbit  be  transplanted  to  a  human  eye,  provided  D«cc- 
met's  membrane  be  clear,  it  will  grow  and  remain  clear  \v,  Hippeil).  A 
rabbit's  nerve  has  been  transplanted  to  the  human  subject,  but  without 
success.] 

Many  of  these  results  seem  only  to  be  possible  between  individuals  of  the 
same  jt^^^W, although  Helferich  has  recently  found  that  a  piece  of  dog's  muscle, 
when  substituted  for  human  muscle,  united  to  the  adjoining  muscle,  and  be- 
came functionally  active.  [Magnus,  however,  finds  that  a  piece  of  rabbit's 
muscle  transplanted  to  another  rabbit's  muscle  serves  merely  as  a  temporarj" 
structure,  and  does  not  unite  to  the  end  of  the  original  muscular  fibres,  but  the 
latter  grow  and  use  the  transplanted  muscle  as  a  scaffolding,  which  is  ultimatclr 
absorbed  and  disappears.]  [J.  R.  Wolfe  has  transplanted  the  conjunctiva  of 
the  rabbit  to  the  human  eye.]  Most  tissues,  however,  do  not  admit  of  trans- 
plantation, e.  g,,  glands  and  the  sense-organs.  They  may  be  removed  to  other 
parts  of  the  body,  or  into  the  peritoneal  cavity,  without  exciting  any  inflam- 
matory reaction ;  they,  in  fact,  behave  like  inert  foreign  matter. 

246.  INCREASE  IN  SIZE  AND  WEIGHT.— The  length  of  the 
body,  which  at  birth  is  usually  ^fj  of  the  adult  body,  undergoes  the  greatest 
elongation  at  an  early  period :  in  the  first  year,  20 ;  in  the  second,  10 ;  in  the 
third,  about  7  centimetres  ;  whilst  from  five,  to  sixteen  years  the  annual  increase 
is  about  5^  centimetres.  In  the  twentieth  year  the  increase  is  very  slight 
From  fifty  onwards  the  size  of  the  body  diminishes,  owing  to  the  intervertebral 
discs  becoming  thinner,  and  the  loss  may  be  6  to  7  centimetres  about  the 
eightieth  year. 

The  weight  of  the  body  (^  of  an  adult)  sinks  during  the  first  five 
to  seven  days,  owing  to  the  evacuation  of  the  meconium  and  the  smail 
amount  of  food  which  is  taken  at  first.  Only  on  the  tenth  day  is  the 
weight  the  same  as  at  birth. 

The  increase  of  weight  is  greater  in  the  same  time  than  the  increase  ic 
length.  Within  the  first  year  a  child  trebles  its  weight.  The  greatest  weight 
is  usually  reached  about  forty,  while  towards  sixty  a  decrease  begins,  which  at 
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eighty  may  amount  even  to  6  kilos.    The  results  of  measurements,  chiefly  by 
Quctelet,  are  given  in  the  following  table : — 


Length  (Cmtr.). 

Weight  (Kilo.). 

Length  (Cmtr.). 

Weight  (Kilo.). 

Age. 

Age. 

Man. 
49.6 

Woman. 
48.3 

Man. 
3.20 

Woman. 

15 

Man. 

Woman. 

Man. 
46.41 

Woman. 

1 
1 

0 

2.91 

155.9 

147.5 

41.30 

I 

69.6 

69.0 

10.00 

9.30 

16 

161.O 

150.0 

53-39 

44.44 

2 

79.6 

78.0 

12.00 

11.40 

17 

167.0 

154.4 

57.40 

49.08 

3 

86.0 

85.0 

1321 

12.45 

18 

170.0 

156.2 

61.26 

53  10 

4 

93-2 

91.0 

15.07 

14.18 

19 

1706 

•        • 

6332 

•      • 

5 

990 

97.0 

16.70 

15.50 

20 

171. 1 

1570 

65.00 

54.46 

0 

104.6 

103.2 

18.04 

16.74 

25 

172.2 

157.7 

6829 

55.08 

7 

III.2 

109.6 

20.x  6 

18.45 

30 

172.2 

157.9 

68.90 

55->4 

« 

1 17.0 

"3-9 

22.26 

19.82 

40 

I7I.3 

155.5 

68.81 

56.65 

9 

122.7 

120.0 

24.09 

22.44      1 

50 

167.4 

153.6 

67.45 

58.45 

10 

X28.2 

124.8 

26.12 

2424 

60 

163.9 

151.6 

65.50 

56.73 

II 

132.7 

127.5 

27.85 

26.25 

70 

162.3      ,    151.4 

6303 

53.72 

12 

1359 

132.7 

31.08 

30.54 

80 

161.3 

150.6 

61.22 

51.52 

'^  1 

140.3 

138.6 

35.32 

34.65 

90 

1      .    . 

57.83 

49-34 

■4  ' 

148.7 

144.7 

40.50 

38.10 

(Chiefly  from 

Quetelct.) 

Between  the  12th  and  15th  years  the  weight  and  size  of  the  girl  are  greater  than  of  the  boy. 
Growth  is  most  active  in  the  last  months  of  foetal  life,  and  afterwards  from  the  6th  to  the  9th 
year  antil  the  13th  to  the  1 6th.  The  full  stature  is  reached  about  30  but  not  the  greatest 
weight 
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Organism. 

247.  (A)  INORGANIC  CONSTITUENTS.— I.  Water  forms  over 
60  per  cent,  of  the  whole  body,  but  it  occurs  in  different  quantity  in  the 
different  tissues.  The  kidneys,  brain,  and  vitreous  humor  contain  the  most 
water ;  bones,  22  per  cent. ;  teeth,  10  per  cent. ;  while  enamel  contains  the 
least,  0.2  per  cent.  (§  229).  According  to  some  oibservtrs,  peroxide  of  hydrogen 
(H,0,)  is  also  present  in  the  body. 

[Approximately,  ^vater  forms  about  two-thirds  of  the  weight  of  the  body, 

so  that  a  body  weighing  75  kilos.  (165  lbs.)  contains  50  kilos,  (no  lbs.)  of 

water.     The  following  table,  modified  from  Beaunis,  shows  the  percentage  of 

water  in  several  tissues  and  organs: — 

Solids. 


Tissue  or  Organ. 
Enamel,  .  . 
Dentine.  .  . 
Bone,  .  .  . 
Fat,.  .  .  . 
Elastic  tissue, 
Cartilage,  . 
Liver,   .    .    . 


Water. 

.2 
.  lO.O 
.48.6 
.  29.9 
49.6 
.  ^50 
.  69.3 


Solids.  <  Tissue  or  Organ. 

99.S  ,  Spinal  cord,     . 
90.0  ,  White  matter  of 


Water.   Solids. 


.69.7 
I  70.0 

.  72.0 
•  750 

.  75-7 
.75-8 


303 
30.0 

28.0 
25.0 

24.3 


51.4  I  brain,  . 
70.1  I  Skin,  .  , 
50.4  Brain,  .  . 
45.0  Muscles,  . 
30.7    Spleen,     . 

Liquids. 

20.9     Lymph,    .    .    .    .95.8  4.2 

13.6  ;  Serum, 95.9  4.1 

10.9  j  Gastric  juice,   .    .  97.3  2.7 

9.9    Intestinal  juice,  .  97.5  2.5 

7.2  '  Tears, 98.2  1.8 

II.  Gases.— O,  —  ozone  (J  37)  —  H,  —  N,  —  CO,  (?  38). 
230.1  124,2  i84),H,S(§  184). 


Tissue  or  Organ. 
Thymus,  .    .    .    .77.0 
Connective-        1  »^  r 

tissue,  .  .  .  1 79-6 
Kidney,  ....  82.7 
Gray     matter  )  o-  o 

of  brain,  .    .   /  ^^-^ 


Water.   Solids. 
23.0 


24.2  I  Vitreous  humor,  .98.7 


Blood,  .... 
Bile,     .... 
Milk,    ...    . 
Liquor  sangninis,  90.1 
Chyle, 92.8 


79  > 
86.4 

89.1 


Aqueous  humor,  .  98.6 
Cerebro-spinal     \  qQ  0 
fluid,     ...   J  9  • 

Saliva, 99.5 

Sweat, 99.5 

Marsh  gas  CH4  (?  124),  NH, 


20.4 

>7-3 
14.2 

13 

14 
1.2 

05 
0.5 
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III.  Salts. — Sodium  Chloride  [is  one  of  the  most  important  inor- 
ganic substances  present  in  the  body.  It  occurs  in  all  the  tissues  and  fluids  of 
the  body,  and  plays  a  most  prominent  part  in  connection  with  the  diflusion  of 
fluids  through  membranes,  and  its  presence  is  necessary  for  the  solution  of  the 
globulins  (p.  476).  Sometimes  it  exists  in  a  state  of  combination  with  proteid 
bodies,  as  in  the  blood-plasma.  Common  salt  is  absolutely  necessary  for  one^s 
existence,  as  it  facilitates  absorption  by  promoting  endosmotic  processes,  and  it 
also  increases  tissue  metabolism ;  if  it  be  withdrawn  entirely,  life  soon  comes 
to  an  end.  The  body  contains  about  200  grams.  About  15  grams  are  given 
off  in  twenty-four  hours,  chiefly  by  the  urine.  Boussingault  showed  that  the 
addition  of  common  salt  to  the  food  of  cattle  greatly  improved  their  condition.] 

[Calcium  phosphate  (CagP^Og)  is  the  most  abundant  salt  in  the  body,  as  it  forms  more 
than  one-half  of  our  bones,  but  it  also  occurs  in  dentine,  enamel,  and  to  a  much  less  extent  in 
the  other  solids  and  fluids  of  the  body.  Amongst  secretions,  milk  contains  relatively  the  largest 
amount.  In  milk  it  is  necessary  for  forming  the  calcareous  matter  of  the  bones  of  the  infant 
It  gives  bones  their  hardness  and  rigidity.  It  is  chiefly  derived  from  the  food,  and,  as  only 
a  small  quantity  is  given  off  in  the  excretions,  it  seems  not  to  undergo  rapid  removal  from  the 
body.] 

[Sodium  phosphate  {^2.^90^^  acid  sodium  phosphate  (^a^liFO^)^  acid  potassium  phosphate 
(KfHPO^).  The  sodium  phosphate  and  the  corresponding  potash  salt  give  most  of  the  fluids  of 
the  body  their  alkaline  reaction.  The  alkaline  reaction  of  the  blood-plasma  is  partly  due  to 
alkaline  phosphates,  which  are  chiefly  derived  from  the  food.  The  acid  sodium  phosphate  is 
the  chief  cause  of  the  acid  reaction  of  the  urine.  A  small  quantity  of  phosphoric  acid  is  formed 
in  the  body  owing  to  the  oxidation  of  lecithin,  which  contains  phosphorus.] 

[Sodium  carbonate  (Na,CO,)  and  sodium  bicarbonate  (NaHCO,)  exist  in  small  quan- 
tities in  the  food,  and  are  formal  in  the  body  from  the  decomposition  of  the  salts  of  the  vege- 
table acids.  They  occur  in  the  blood-plosma,  where  they  play  an  important  part  in  carrying 
the  COj  from  the  tissues  to  the  lungs.] 

[Sodium  and  potassium  sulphates  (Na^SOf  and  K^SO^)  exist  in  very  small  quantity  in 
the  body,  and  are  introduced  with  the  food,  but  part  is  formed  in  the  body  from  the  oxidation  of 
organic  bodies  containing  sulphur.] 

[Potassium  chloride  (KCl)  is  pretty  widely  distributed,  and  occurs  specially  in  muscle, 
colored  blood-corpuscles,  and  milk.  Calcium  floride  (CaFl,)  occurs  in  small  quantity  in  bones 
and  teeth.  Calcium  carbonate  ^CaCO,)  is  associated  with  calcium  phosphate  in  bone,  teeth, 
and  in  some  fluids,  but  it  occurs  m  relatively  much  smaller  amount.  It  is  kept  in  solution  by 
alkaline  chlorides,  or  by  the  presence  of  free  carbonic  acid.  Ammonium  chloride  f  NH4CI). 
— Minute  traces  occur  in  the  gastric  juice  and  the  urine.  Magnesium  phosphate  (Mg,PO|) 
occurs  along  with  calcium  phosphate,  but  in  very  much  smaller  quantity.] 

Table  by  Beaunis  of  the  relative  proportions  of  Salts.    The  flgures  give  the  percentage 

quantities  of  mineral  matters  in  the  ash. 


Heints. 


Bone. 


Sodic  chloride,   .... 
Potassic  chloride,  .    .    . 

Soda, 

Potash, 

Lime, 

Magnesia, 

Ferric  oxide, 

Chlorine,     ... 

Fluorine, 

Phosphoric  acid  (free),  . 
Phosphoric  acid  (comb.), 
Sulphuric  acid,  .... 
Carbon  dioxide,  .... 

Silicic  acid, 

Ferric  phosphate,  .    .    . 


37.58 
1.22 


1.66 

■       •       • 

53-31 
... 

5.47 


Staffel. 

Breed. 

Oidtmann. 

Muscle  of 
calf. 

Brain. 

Liver. 

10.59 

•  •         • 

2-35 

34.40 

1.99 

1-45 

•  •      • 

•  •      • 

•  • 

•  •       • 

48.13 

■      •      • 
«      •      • 

0.81 

•  •      • 

4.74 

•  «         • 

1069 

34.42 
0.77 
1.23 

•  •         • 

•  •         • 

•  •         • 

9-15 
39.02 

0.75 

■       •       • 

0.12 
1.23 

.    .    • 
... 
14.51 
25.23 
3.61 

0.20 
2.74 
2.58 

•  •        • 

•        • 

50.18 
0.92 

•  •        • 

0.27 

•  •        ■ 

C.  Schmidt. 


Lungs. 


Oiditmamm. 


Spleen. 


13.0 

•        • 

19.5 
1.3 
1.9 
1.9 
3.2 


48.5 
1.4 


44.33 
9.60 

748 

0.49 
7.28 

0.54 


•  •        • 

27.10 
2.54 

•  •        « 

0.17 
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TaUe  by  Beaunis  of  the  Mineral  Matter  in  Animal  Fluids,  t.  ^.,  the  percentage  in  the  ash. 


Verdeil. 

IVeber. 

Blood- 
serum. 

72.88 

12.93 
2.95 

2.28 

0.27 

0.26 

1.73 
2.10 

4.40 

0.20 

JVeber. 

Blood- 
clot. 

17.36 
29.87 

22.36 
2.58 

0.53 
1048 

10.64 

0.09 

2.17 

0.42 

Dakn- 
hardt. 

Porter. 

Wilder- 
stein. 

Rose. 

Porter. 

Blood. 

Lymph. 

Urine. 

Milk. 

Bile. 
27.70 

•        ■ 

36.73 
4.80 

1.43 

0.53 

0.33 
1045 

6.39 
11,26 

0.36 

Fzces. 

Sodic  chloride, 
Potaasic  chloride 
oooa,     .... 
Potash,      .    .    . 
Lime,    .... 
Magnesia,     .    . 
Ferric  oxide,    . 
Phosphoric  acid. 
Sulphuric  acid, 
Carbon  dioxidie, 
Silicic  acid,  .    . 

58.81 

415 

11.97 

1.76 

1. 12 

.8.37 
10.23 

1.67 

I.I9 

•         • 

74.48 

10.35 
3.25 
0.97 

0.26 
0.50 
1.09 

8.20 
1.27 

67.28 

•  • 

1.33 
13-64 

1.34 

•  • 

11.21 

•  ■ 
«      • 

4.06 

10.73 
26.33 

2144 

18.78 

0.87 

O.IO 

19.00 

2.64 

«         • 

4.33 

507 

6.10 

26.40 

10.54 
2.50 

36.03 

•  • 

•  > 

3.13 

IV.  Free  Acids. — Hydrochloric  acid  (HCl)  [occurs  free  in  the  gastric  juice,  but  in  com- 
bination with  the  alkalies  it  is  widely  distributed  as  chlorides.]  Sulphuric  acid  (H^SOi)  [is 
said  to  occur  free  in  the  saliva  of  certain  gasteropods,  as  Dolium  galea.  In  the  body  it  forms 
sulphates,  chiefly  in  combination  with  soda  and  potash.  The  caterpillar  of  the  Puss  Moth 
secretes  for  defensive  purposes  a  highly  acid  fluid  composed  of  formic  acid  and  water.  The 
proportion  may  be  40  per  cent,  of  acid  and  one-twentieth  of  a  gram  may  be  ejeaed  at  once  from 
a  mature  larva  (PouIion).'\ 

V.  Bases. ~ Silicon  as  silicic  acid  (SiO,);  manganese;  iron,  the  last  forms  an  integral 
constituent  of  haemoglobin  ,[the  total  quantity  in  the  blood  being  about  3  grams].  [Iron  is 
readily  detected  in  organs  in  which  it  occurs  on  hardening  small  parts  of  the  organ  in  alcohol 
and  then  in  alcohol  containing  ammonium  sulphide,  which  makes  the  iron  granules  a  green 
color]  ;  copper  (?),  (J  174). 

248.  (B)  ORGANIC  COMPOUNDS.— The  Albuminous  or  Pro- 
tcid  Substances. — (i)  True  Proteids  and  their  Allies  are  composed  of 
C,  H,  O,  N,  and  S,  and  are  derived  from  plants  (see  Introduction),  [The 
formation  of  albumin  from  the  elements  is  accomplished  only  by  plants.  What 
the  chemical  processes  are  is  quite  unknown.  We  only  know  that  the  N  is  in 
the  first  instance  obtained  from  the  nitric  acid  or  ammonia  of  the  soil.  The 
former  is  probably  not  used  directly  as  such,  but  serves,  perhaps,  for  the  forma- 
tion of  amides  or  amido-acids,  from  which,  by  the  action  of  non-nitrogenous 
bodies,  proteids  are  formed.] 

[The  exact  formula  of  the  proteids  is  unknown,  as  they  have  never  been  obtained  sufliciently 
pore  and  in  such  quantity  as  to  admit  of  an  elementary  analysis  being  made.  From  such 
analyses  as  have  been  made  Bunge  gives  the  following  formulae : — 


Egg  albumin, C^^ 

Proteid  in  haemoglobin  from  horse,     .  C^/^ 
Globulin  from  pumpkin  seeds,    .    .    .  C,^, 


"481        ^90 

According  to  Hoppe-Seyler  their  general  percentage  composition  i 

O  H  N  C 

From  .    .    .  20.9    ^     6.9         15.2        51.5 
To  ...    .  23.5         7.3         17.0        54.5 


O, 
O. 


Sil 


S, 


s 

0-3 
2.0] 


They  exist  in  almost  all  animal  fluids  and  tissues,  partly  in  the  fluid  form,  although  Briicke 
maintains  that  the  molecule  of  albumin  exists  in  a  condition  midway  between  a  state  of  imbibi- 
tion and  a  true  solution — and  partly  in  a  more  concentrated  condition.  Besides  forming  the 
chief  part  of  muscle,  nerve,  and  gland,  they  occur  in  nearly  all  the  fluids  of  the  body,  including 
the  blood,  lymph,  and  serous  fluids,  but  in  health  mere  traces  occur  in  the  sweat,  while  they 
are  absent  from  the  bile  and  the  urine.  Unboiled  white  of  ^gg  is  the  type.  In  the  ali- 
mentary canal  they  are  changed  into  peptones.  The  chief  products  derived  from  their  oxida- 
tion within  the  body  are  CO,,  HjO,  and  especially  urea,  which  contains  nearly  all  the  N  of  the 
proteid<«. 
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[The  term  proteid  (nftoretov,  pre-eminence)  was  given  by  Mulder,  and  is  now  used  as  sjwmy- 
mous  with  the  term  **  albuminous  body.*'] 

Constitution  of  Proteids. — Their  chemical  constitution  is  quite  unknown.  The  N  seems  to 
exist  in  two  distinct  conditions,  partly  loosely  combined,  so  as  to  yield  ammonia  readily  when 
they  are  decomposed,  and  partly  in  a  more  Hxed  condition.  According  to  PflQger,  part  of  the 
N  in  living  proteid  bodies  exists  in  the  form  of  cyanogen.  [Loew  supports  Pfl{iger*s  Tiew  tbst 
the  molecule  of  living  (active)  albumin  differs  from  that  of  dead  albumin,  as  he  finds  that  the 
living  protoplasm  of  certain  algae  can  reduce  silver  in  very  dilute  alkaline  solutions,  which  dead 
protoplasm  cannot  do  ]  The  proteid  molecule  is  very  large,  and  is  a  very  complex  one;  a  snail 
part  of  the  molecule  is  composed  of  substances  from  the  group  of  aromatic  bodies  (which  become 
conspicuous  during  putrefaction),  the  larger  part  of  the  molecule  belongs  to  the  fatty  bodies; 
during  the  oxidation  of  albumin  fatty  acids  especially  are  developed.  Carbohydrates  may  aho 
appear  as  decomposition-products.  For  the  decompositions  during  digestion,  see  |  170,  and 
during  putrefaction,  J  184.  The  proteids  form  a  large  group  of  closely  related  substance  all  of 
which  are  perhaps  modifications  of  the  same  body.  When  we  remember  that  the  infant 
manufactures  most  of  the  proteids  of  its  ever-growing  body  from  the  casein  in  milk,  this  last 
view  seems  not  improbable. 

Characters  of  Proteids. — Proteids,  the  anhydrides  of  peptones  (§  i66), 
are  colloids  (§  i9i)>  and  therefore  do  not  diffuse  easily  through  animal  mem- 
branes ;  they  are  amorphous  and  [for  the  most  part]  do  not  crystalline,  and 
hence  are  isolated  with  difficulty ;  some  are  soluble,  others  are  insoluble  in 
water ;  insoluble  in  alcohol  and  in  ether ;  rotate  the  ray  of  polarized  light  to 
the  left;  when  burned  they  give  the  odor  of  burned  horn.  Various  metallic 
salts  and  alcohol  precipitate  them  from  their  solutions ;  they  are  coagulated 
by  heat,  mineral  acids,  and  the  prolonged  action  of  alcohol.  Caustic  alkalies 
dissolve  them  (yellow),  and  from  this  solution  they  are  precipitated  by  acids. 
By  powerful  oxidizing  agents  they  3rield  carbamic  acid,  guanidin,  and  volatile 
fatty  acids. 

Decomposition  of  Proteids. — [The  number  and  varieties  of  these  products  are  exceedinglv 
great,  so  that  it  is  not  easy  to  separate  the  several  products.  In  the  first  place,  there  is  great 
difficulty  in  getting  in  sufficient  quantity  a  perfectly  pure  proteid,  wherewith  to  institute  tkc 
necessary  experiments.  The  decomposition-products  of  albumin  when  acted  on  hy  bari«B 
hydrate  have  been  most  fully  investigated.  The  action  of  concentrated  HCl,  potassic  perman- 
ganate, and  bromine  have  also  been  studied.  The  action  of  the  animal  or  vegetable  digestive 
ferments  is  very  important  (J  170),  and  specially  that  of  bacteria  causing  putrefaction  ({  184). ] 
When  acted  upon  in  a  suitable  manner  by  acids  and  alkalies,  they  give  rise  to  the  decomposkion- 
products — leucin  (10  to  18  per  cent.),  tyrosin  (0.25  to  2  per  cent.),  aspartic  acid,  glotamic  acid, 
and  also  volatile  fatty  acids,  benzoic  and  hydrocyanic  acids,  and  aldehydes  of  benzoic  and  fstty 
acids ;  also  indol  {^Hlasiwett^  Hebermann).  Similar  products  are  formed  during  paocreMK 
digestion  ({  170)  and  during  putrefaction  ({  184).  [Although  it  is  assumed  that  the  proteids 
have  the  closest  relation  to  urea,  no  one,  so  far,  has  succeeded  in  preparing  urea  by  the  dired 
decomposition  of  albumin.  Both  by  the  action  of  acids  and  barium  hydrate,  the  splitting  vp 
into  simpler  compounds  does  not  take  place  at  once,  but  by  successive  stages,  one  to  the  forma- 
tion of  different  bodies.  Proteids,  when  fully  decomposed,  either  by  acids  or  alkalies,  yiekl  as 
the  final  products  ammonia  and  amido-acids;  by  alkalies  also  carbonic,  acetic,  and  oxalic  adds. 
The  amido-acids  contain  several  series,  including  leucin,  tyrosin,  and  glutamic  acid.     But  aU 

Croteids  do  not  yield  these  three  bodies,  for  tyrosin  may  l>e  absent,  while  leucin,  so  far^  has 
een  alwa]rs  found.  It  has  therefore  been  attempted  to  classify  proteids  into  those  that  jieM 
tyrosin  (t.  ^.,  aromatic  compounds)  and  those  that  do  not  Classes  I.-VIII.,  p.  476,  yield  whcB 
decomposed  aromatic  bodies  (tyrosin,  indol,  phenol),  while  gelatin*yielding  bodies  and  spongtc 
yield  no  aromatic  bodies.] 

[Electrolysis  of  Animal  Tissues  including  Pr6teids. — A  current  in  passing  thrcx^b  a 
tissue  or  a  proteid  solution  is  conducted  almost  entirely  by  the  inorganic  constituents.  Tbechesii- 
cal  effects  produced  on  the  proteid  constituents  are  due  to  secondary  actions  of  the  prodocts  c^ 
electrolysis  of  the  salts.  At  the  positive  pole  coagulable  proteids  are  partly  coagulated  and 
partly  changed  into  acid-albumin ;  at  the  negative  pole  alkali-albumin  is  fomied.  \Vh«n  b4oad 
or  a  pure  haemoglobin  solution  is  electrolyzed,  methsemoglobin  and  then  acidhsematin  arefbnmed 
at  the  anode,  but  not  if  a  reducing  agent  be  present ;  alkali-haematin  is  formed  at  the  cathode 
{G,  N.  Stewart).'] 

General  Reactions  of  Proteids. — (i)  Xanthoproteic  Reaction. — 
Heated  with  strong  nitric  acid  they  give  a  yellow^  the  addition  of  excess  of 
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ammonia  gives  a  deep  orange  color.  [The  deepening  of  the  color  from  yellow 
to  orange  is  the  most  important  part  of  the  reaction  and  is  one  of  the  best  tests 
for  the  presence  of  proteids.] 

(2)  With  Millon's  reagent  they  give  a  white  precipitate,  and  when  heated 
with  this  reagent  above  60°  C.  they  give  a  brick-red  color,  probably  owing  to 
the  fomaation  of  tyrosin.  [This  does  not  occur  in  the  presence  of  sodic  chlor- 
ide. If  the  proteids  are  present  in  large  amount,  a  red  precipitate  occurs,  but 
if  mere  traces  are  present  only  the  fluid  becomes  red.] 

(3)  Hiuret-reaction. — The  addition  of  a  few  drops  of  a  dilute  solution  of 
cupric  sulphate,  and  the  subsequent  addition  of  excess  of  caustic  potash 
or  soda,  give  a  vioUt  color,  which  deepens  on  boiling.  The  biuret-reaction  is 
so  called  because  the  reddish- violet  color  is  like  that  given  by  the  substance 
biuret,  a  derivative  of  urea.  This  is  sometimes  called  Piotrowski's  reaction. 
[The  same  color  is  obtained  by  adding  a  few  drops  of  Fehling's  solution]. 

(4)  They  are  precipitated  after  strong  acidulation  by  acetic  acid  and  potas- 
sium ferrocyanide. 

(5)  Liebermann's  reaction. — When  proteids  are  washed  with  alcohol 
and  ether  and  then  boiled  with  concentrated  hydrochloric  acid,  they  give  a 
violet-red  color. 

(6)  Sulphuric  acid  containing  molybdic  acid  gives  a  blue  color  (^Frohdi), 

(7)  Adamkiewicz'  reaction. — Their  solution  in  glacial  acetic  acid  is 
colored  violet  with  concentrated  sulphuric  acid,  and  shows  the  absorption-band 
of  hydrobilirubin. 

(8)  Iodine  is  a  good  microscopic  reagent,  which  strikes  a  brownish-yellow, 
while  sulphuric  acid  and  cane-sugar  give  a  purplish -white  {E,  Schultz), 

[(9)  When  rendered  strongly  acid  with  acetic  acid  and  boiled  with  an  equal 
volume  of  a  concentrated  solution  of  sodic  sulphate,  they  are  precipitated. 
This  method  is  used  for  removing  proteids  from  other  liquids,  as  it  does  not 
interfere  with  the  presence  of  other  substances.  Saturation  with  sodio-mag- 
nesic  sulphate  precipitates  the  proteids,  but  not  peptones,  and  the  same  is  the 
case  with  saturation  with  neutral  ammonia  sulphate  (§  249).] 

[(10)  The  precipitation  of  albumin  hy  acids  is  more  delicate  when  the  acid  is 
dissolved  in  alcohol  containing  10  per  cent,  of  ether;  the  precipitate  is  not 
dissolved  by  an  excess  of  the  reagent.] 

[(11)  Most  of  them  are  precipitated  by  strong  mineral  acids,  and  meta- 
phosphoric  acid,  tannic  acid  (in  an  acid  solution),  phospho-tungstic  and  phos- 
pho-molybdic  acids  (in  acid  solution) ;  potassio-mercuric  iodide  (in  acid  solu- 
tions) ;  many  metallic  salts,  e,  g,,  of  Cu,  Pb,  Ag,  Hg  ;  chloral,  phenol,  trichlor- 
acetic acid,  picric  acid,  alcohol.  Taurocholic  acid  precipitates  albumin  and 
syntonin,  but  not  peptone  or  hemi-albumose  (§  i3i).] 

[(12)  On  adding  2-3  drops  of  a  weak  solution  of  benzaldehyd  with  a  fair 
amount  of  sulphuric  acid,  (1:1  water)  and  i  drop  of  ferric  sulphate,  albumin, 
on  being  heated,  or  after  standing,  gives  a  deep  blue  color  {Reiche).\ 

[Prccipitants  of  Proteids. — All  the  proteids  cannot  be  precipitated  with 
equal  ease,  the  albumoses  and  peptones  being  exceptions.  As  a  group  they  are 
precipitated  by  (i)  strong  mineral  acids,  e.g,,  nitric,  phosphotungstic  and  meta- 
phosphoric  acids;  (2)  Salts  of  the  heavy  metals,  forming  an  albuminate  of  the 
metal  ;  (3)  acetic  acid  and  ferro-cyanide  of  potassium  ;  (4)  acetic  acid  and  ex- 
:ess  of  certain  neutral  salts  (NaCl,  NajSO*,  MgS04)  ;  (5)  saturation  with  am- 
nonium  sulphate,  etc.  ;  (6)  picric  acid,  or  tannic  acid,  or  alcohol.] 

Proteids  may  be  removed  from  a  fluid  contaiDing  them  by  means  of  (i)  Briicke's  method,  i,  €., 
>recipitation  with  hydrochloric  acid  and  potassio-mercuric  iodide  (p.  325).  (2)  By  boiling  a 
aintly  acid  fluid  containing  them.  (3)  Wenz's  method,  viz.,  saturating  the  liquid  with  ammo- 
tium  sulphate  which  precipitates  all  proteids  except  peptones. 
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[Coagulation  of  Proteids  by  Heat. — When  a  soluble  proteid  passes  into 
an  insoluble  one  by  heat^  this  is  called  heat-coagulation.  The  proteids  coagu- 
lated by  heat  are  egg-albumin,  serum-albumin,  and  globulins,  but  the  tempera- 
ture at  which  this  remarkable  change  takes  place  has  been  shown  to  vary  with 
the  nature  of  the  proteids  present  in  the  solution  (Fractional  heat-coagulatioD, 
p.  45)  with  the  concentration  of  the  solution,  and  also  with  the  quantity  and 
nature  of  the  salts  present.  The  following  table  after  Halliburton  shows  the 
temperatures  of  coagulation  of  some  of  the  principal  proteids: — 

Albumins.  I  Globulins. 

Egg-albumin, 73°  C.       Fibrinogeo, 56°  C 

Serum-albumin  a, 75®  Serum- globulin, 75® 

A      77°  Cell-globulin 75** 

"        "  y 84®  Myosinogen, 56** 

Cell  albumin .    .  73°  Myo-globulin, 63® 

Muscle  albumin, 73®        j   Vilellin, .    .  7S** 

Lact-albumin, 77®  )   Crystallin,  ..........  73**] 


249.  THE  ANIMAL  PROTEIDS  AND  THEIR  CHARAC- 
TERS.— Class  I. — Native  Albumins  occur  in  a  natural  condition  in  ani- 
mal solids  and  fluids.  They  are  soluble  in  water  [in  dilute  saline  solutions 
and  in  saturated  solutions  of  sodic  chloride  and  magnesium  sulphate],  and  are 
not  precipitated  by  alkaline  carbonates,  NaCl,  or  by  very  dilute  acidis.  [Tbej 
are  precipitated  by  saturating  their  solutions  with  ammonium  sulphate.]  Their 
solutions  are  coagulated  by  heating  at  65 **  to  73**  C.  Dried  at  40°  C,  tbey 
yield  a  clear,  yellow,  amber-colored,  friable  mass,  **  soluble  albumin/'  which 
is  soluble  in  water. 

(i)  Serum -album  in  (J  32  and  J  41). — Its  specific  rotatory  power  is-  56^.  Almost  all  its 
salts  may  be  removed  from  it  by  dialysis,  when  it  is  no  longer  coagulated  by  heat.  It  is  cotgn- 
lated  by  strong  alcohol ;  and  not  very  readily  precipitated  by  hydrochloric  acid,  while  the  pr^ 
cipitate  so  formed  is  easily  dissolved  on  adding  more  acid.  When  precipitated,  it  is  letdilj 
soluble  in  strong  nitric  acid.  It  is  not  precipitated  when  shaken  up  with  ether.  The  additii» 
of  water  to  the  hydrochloric  solution  precipitates  acid-albumin.  For  its  presence  abnormally  io 
urine,  J  264. 

(2)  Egg-albumin. — When  injected  into  the  blood-vessels  or  under  the  skin,  or  even  vbei 
introduced  in  large  quantity  into  the  intestine,  part  of  it  appears  unchanged  in  the  urine  (|  192. 
4,  and  J  264).  When  shaken  with  ether  it  is  precipitated.  These  two  reactions  serve  to  ^ 
tinguish  it  from  (i).  The  specific  rotation  is  -35.5,  i.e.,  for  yellow  light.  Amount  of  S»  1.6 
per  cent. 


(3)  Muscle-albumin,  1.  /.,  the  proteid  extracted  from  muscle  by  water  ({  293). 
(4J  Cell-albumin  (§  24). 
(5)  Lact-albumin  ({  231). 

Class  II. — Globulins  are  native  proteids,  insoluble  in  distilled  vrater, 
but  soluble  in  dilute  neutral  saline  solutions,  /.  ^.,  neutral  solutions  of 
the  alkalies  and  alkaline  earths,  e.g.,  NaCl,  KCl,  NH4CI,  Na,S04,  (but  not 
NaaCOj,  NajPOi),  sodium  chloride  of  i  per  cent.,  and  in  magnesium  sulphate. 
[They  are  insoluble  in  concentrated  solutions  of  NaCl,  MgSO*,  (NH4),  SO4.] 
These  solutions  are  coagulated  by  heat,  and  are  precipitated  by  the  addition  of 
a  large  quantity  of  water.  Most  of  them  are  precipitated  from  their  sodium 
chloride  solution  by  the  addition  of  crystals  of  sodium  chloride,  and  also  h 
saturating  their  neutral  solution  at  30*^  with  crystals  of  magnesium  sulphaie  #r 
ammonium  sulphate.  When  acted  upon  by  dilute  acids  they  yield  acid-albumin, 
and  by  dilute  alkalies,  alkali-albumin. 

(i)  Globulin  (Crystallin)  is  obtained  by  passing  a  stream  of  CO,  through  a  watery  extnct  oC 
the  cr)  stalline  lens. 

(2)  Vitellin  is  the  chief  proteid  in  the  yolk  of  egg.  It  is  also  said  to  occur  in  the  chyle  {?,' 
and  in  the  amniotic  fluid  ( Weyt).  Both  the  foregoing  are  not  precipitated  from  their  nenm^ 
solutions  by  saturation  with  sodium  chloride. 
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(3)  Para-globulin  or  Serum -globulin  in  blood-plasma  ({  29),  and  abnormally  in  urine 

(i  264). 

(4)  Fibrinogen  ({  29). — In  the  clear  jelly-like  secretion  of  the  vesiculae  seminales  of  the 
gninet-pig,  there  is  a  globulin-like  body  closely  resembling  fibrinogen.  It  contains  29  per  cent, 
of  albamin,  with  scarcely  any  ash.  If  it  be  touched  with  a  trace  of  blood-serum,  without 
mixing  them,  it  gradually  and  completely  forms  a  solid  mass  quite  like  fibrin. 

(5)  Myosinogen,  from  which  is  formed  myosin,  is  the  chief  proteid  in  dead  muscle.  Its 
coagulation  in  mvof^t  post-mortem  constitutes  rigor  mortis.  If  muscle  be  repeatedly  washed, 
and  afterward  treated  with  a  10  per  cent,  solution  of  sodium  or  ammonium  chloride,  it  yields 
a  viscid  fluid  which,  when  dropped  into  a  large  quantity  of  distilled  water,  gives  a  white 
flocculent  precipitate  of  myosin.  It  is  also  precipitated  from  its  NaCl  solution  by  crystals  of 
NaG.    For  Kiihne*s  and  other  methods,  see  {  293. 

(6)  Globin  (Preyer)^  the  proteid  constituent  of  haemoglobin  (J  18). 

Class  III. — Derived  Albumins  (Albuminates). — [They  are  obtained 
by  the  action  of  acids  or  alkalies  on  albumins,  globulins  or  other  proteids ;  are 
insoluble  in  pure  water,  but  are  soluble  in  acid  or  alkaline  solutions,  or  in  weak 
saline  solutions.  Like  globulins,  they  are  precipitated  by  saturation  with  neutral 
salts  (NaCl,  MgSO*,  (NH4),  SO4).  Their  solutions  are  not  coagulated  by 
heat.] 

(1)  Acid-albumin  or  Syntonin. — When  proteids  are  dissolved  in  the  stronger  acids,  ^.^., 
hydrochloric,  they  become  changed  into  acid*albumins.  They  are  precipitated  ftom  solution  by 
the  addition  of  many  salts,  sodic  chloride,  acetate  or  phosphate,  or  by  neutralization  wiih  an 
alkali,  e,g,^  sodic  carbonate,  but  they  are  not  precipitated  by  heat.  The  concentrated  solution 
gelatinizes  in  the  cold^  and  is  redissoWed  by  heat  Syntonin,  which  is  obtained  by  the  pro- 
longed action  of  dilute  hydrochloric  acid  (2  per  looo)  upon  minced  muscle,  is  al^  an  acid 
aJbum'n.  It  is  formed  also  in  the  stomach  during  digestion  ({  166,  I).  According  to  Soyka, 
the  alkali-  and  acid-albumins  differ  from  each  other  only  in  so  far  as  the  proteid  in  the  one  case 
is  united  with  the  base  (metal)  and  in  the  other  with  the  acid. 

(2)  Alkali -albumin. — If  egg-  or  serum-albumin  be  acted  upon  for  some  time  by  dilute 
alkalies,  a  solution  of  alkali-albumin  is  obtained.  Strong  caustic  potash  acts  upon  white  of 
egg,  and  yields  a  thick  jelly,  Lieberkuhn's  jelly.  The  solution  is  not  precipitated  by  heat,  but 
it  is  precipitated  by  the  addition  of  an  acid.  [Although  alkali-albumin  is  precipitated 
on  neutralization,  this  is  not  the  case  in  the  presence  of  alkaline  phosphates,  e.g.^  sodic 
phosphate.] 

(3)  Casein  is  the  chief  proteid  in  milk  (J  231).  It  is  precipitated  by  acids  and  by  rennet  at 
40*^  C.  In  its  characters  it  is  closely  related  to  alkali-albuminate,  but  it  contains  more  N.  It 
contains  a  brge  amount  of  phosphorus  (0.83  p>er  cent.).  It  may  be  precipitated  from  milk  by 
diluting  it  with  several  times  its  volume  of  water  and  adding  dilute  acetic  acid,  or  by  adding 
magne^um  sulphate  crystals  to  milk  and  shaking  vigorously.  Owing  to  the  large  amount  of 
phosphorus  which  it  contains,  it  is  sometimes  referred  to  the  nucleo-albumins.  ^'hen  it  is 
digested  with  dilute  HCl  (o.i  percent.)  and  pepsin  at  the  temperature  of  the  body,  it  gradually 
yields  mi<:lein. 

[Caseinogen  and  Casein. — Halliburton  has  recently  suggested  that  the  term  caseinogen 
should  be  applied  to  the  chief  proteid  as  it  exists  in  milk,  reserving  the  term  casein  for  the  pre- 
cipitate obtained  in  milk  by  the  action  of  rennet  in  the  presence  of  calcium  salts.  Caseinogen  is 
predpiuied  from  milk  by  saturating  the  milk  with  neutral  salts  (MgSO|,  NaCl)  or  by  adding  a 
very  small  amount  of  acid  (acetic).  This  terminology  brings  the  milk-proteid  in  line  with  some 
other  proteids, /.f^.,  myosin  from  myosinogen;  fibrin  from  fibrinogen,  etc.  Casein,  therefore, 
would  be  classed  <*  wiih  fibrin,  m)osin,  glutin,  as  proteids,  more  or  less  insoluble,  which  are  pro- 
duced by  ferment  action  from  other  proteids  of  more  soluble  nature."  It  is  more  difficult  to 
classify  caseinogen,  for  in  some  respects  it  resembles  alkali-albumin  and  in  others  the  globulins, 
but  it  differs  from  both,  and  Halliburton  suggests  that  it  should  be  put  into  a  class  intermediate 
between  tbe  albuminates  and  the  globulins.] 

[Class  IV. — Proteoses. — This  name  is  given  to  a  number  of  products 
formed  during  the  hydration  of  proteids.  They  are  formed  by  the  action  of 
gastric  or  pancreatic  juice  on  proteids,  the  final  product  being  peptone.  They 
may  also  be  formed  by  heating  proteids  with  water,  steam,  or  dilute  mineral 
acids.  They  are  only  slightly  diffusible.  Suppose  we  start  with  albumin, 
before  the  stage  of  peptone  is  reached,  an  intermediate  body,  albumose,  is 
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formed ;  this  body  is  a  proteose.  The  particular  proteose  formed  depends  on 
the  nature  of  the  original  proteid ;  thus  albumin  yields  albumoses;  globulin 
globuloses;  myosin  myosinoses,  casein  caseoses,  etc.,  (§  166). 

They  are  not  coagulated  by  heat ;  they  are  precipitated,  but  not  coagulated 
by  alcohol ;  with  the  biuret  test  they  give  a  rosy  pink  color.  They  arc  pre- 
cipitated by  nitric  acid,  but  the  precipitate  is  soluble  on  heating  and  reappears 
on  cooling. 

There  are  two  varieties ;  suppose  we  take  albumin  as  the  original  proteid, 
then  we  obtain  hemi-albumose,  which  can  be  changed  into  herai-pep- 
tone ;  and  anti-albumose,  which  is  changed  during  digestion  into  anti- 
peptone.] 

[They  are  classified  according  to  their  solubilities  into  : — 

(a)  Proto-albuxnose,  which  is  soluble  in  cold  and  hot  water  and  saline  solutions,  but  it  is 
precipitated  like  globulins  by  saturation  with  NaCl  or  MgSO^. 

(d)  Hetero-albumose  is  soluble  in  water,  soluble  in  0.5-15  per  cent.  NaCl  solotioos  m 
the  cold.  It  is  precipitated  by  dialyzing  out  the  salt  from  its  solutions.  It  is  precifntated  bj 
saturation  with  salts. 

(c)  Deutero-albumose  is  soluble  in  cold  and  hot  water,  not  precipitated  by  saturadoo  widi 
NaCl  or  MgSO^  but  by  ammonium  sulphate. 

Proto-  and  hetero-albumose  are  sometimes  called  the  primary  albumoses,  while  deatcn>- 
albumose  is  a  stage  much  nearer  to  peptone. 

The  following  table  from  Halliburton  shows  the  chief  properties  of  these  bodies  and  also  of 
peptone : — 


iVariety,ofPro«id.c„V/\^;t,. 


Proto- 
Albumose 


Hetero- 
Albumoae 


Deutero- 
Albumose 


Peptone 


Hot  and 

Cold  Saline  > 

Solutions, 

e.g^.,  10  per 

cent.   NaCl. 


f  i  Soluble. 


,  Soluble. 


{ 


Insoluble, 
i.e.t  pre- 
cipitated 
by  dialysis 
from  saline 
solutions. 


Soluble. 


Soluble : 
partly  pre- 
cipitated 
but  not 
coagulated 
on  heating 
to  65O  C 

Soluble. 


Saturation 
with  NaCl 
or  MgSOf. 


Saturation 

with  Am* 

SO4. 


Precipi- 
Uted. 


Precipi- 
tated. 


Precipi- 
tated. 


;  Precipi- 
tated. 


Soluble. 


Soluble. 


Not  precipi- 
tated. 


Precipi- 
tated. 


Nitric  Acid. 


Precipitated 
in  cold : 
precipitate 
dissolves 
with  heat 
and  re- 
appears  on 
cooling. 

>        Do. 


Biuret  Test, 

Copper      '•feiSr*' 
Sulphate.    JS^ 

Potash. 


Precipi- 
tated. 


Ro«e>red 
color. 


Precipi- 
tated. 


This  reaction  Not  predpi* 
only  occurs  tated.  i 
in  presence;  j 

of  excess     | 
ofsalu. 


Not  Precipi-jNot  precipi-  Not  precipi-'Not  precipi-j 
tated.         '     tated.         '    tated.         i    tated.         i 


Do. 


Do. 


Do] 


Class  V. — Peptones. — There  are  two  classes,  Hemipeptone  and  Anti- 
peptone.  The  former  can  be  split  up  by  pancreatic  juice  into  simple  products, 
e,g.,  leucin  and  tyrosin  (§  170,  II.) ;  the  latter  not.  Nor  does  the  latter  gm 
Millon's  reaction.     Both  diffuse  readily. 

Class  VI. — Fibrin. — (§  72)  and  for  the  precursors  of  fibrin  (§  29). 

Class  VII. — Coagulated  Proteids. — When  any  native  albumins  or  globulins  are  cosgolittcd. 
e.^.t  at  70^  C,  they  yield  bodies  with  altered  characters,  insoluble  in  water  and  saline 
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but  soluble  in  boiling  strong  acids  and  alkalies,  when  they  are  apt  to  split  up.    They  are  dis- 
solved during  gastric  and  pancreatic  digestion  to  produce  peptones. 

[Halliburton  divides  coagulated  proteids — (i),  those  coagulated  by  heat,  and  (2),  those 
coagulated  by  the  action  of  ferments.  In  the  latter  class  is  included  fibrin,  myosin,  casein,  and 
aoti-albumin.l 

Class  VIII.—Lardacein  and  other  Bodies. —There  fall  to  be  mentioned  the  *<  yelk- 
plates,"  which  occur  in  the  yelk:  Ichthin  (cartilaginous  fishes,  frog);  Ichthidin  (osseous 
hshes);  Icbthulin  (salmon) ;  Emydin  (tortoise) ;  also  the  indigestible  amyloid  substance  or 
lardacein,  which  occurs  chiefly  as  a  pathological  infiltration  into  various  organs,  as  the  liver, 
spleen,  kidneys  and  blood-vessels.  It  gives  a  blue  with  iodine  and  sulphuric  acid  (like  cellulose), 
and  a  mahogany-brown  with  iodine.  It  is  difficult  to  change  it  into  an  albuminate  by  the  action 
of  acids  and  alkalies. 

Appendix :  Vegetable  Proteid  Bodies. — Plants,  like  animals,  contain  proteid  bodies, 
although  in  less  amount.  They  occur  either  in  solution  in  the  juices  of  living  plants  or  in  the 
solid  iona.     In  comix)sition  and  reaction  they  resemble  animal  proteids. 

[The  characters  of  vegetable  proteids  have  a  great  resemblance  to  animal  proteids.  They 
have  frequently  been  obtained  in  a  crystalline  form,  ^^.,  from  the  seeds  of  the  gourd  and  various 
oleaginous  seeds.  They  occur  in  greatest  bulk  in  the  seeds  of  plants,  aleurone  grains  being 
for  the  most  part  composed  of  ihem.  In  seeds,  globulins  and  '*  vegetable  peptone  **  form  the 
greater  proportion  of  the  proteid  constituents.] 

[Albumin. — The  existence  of  a  body  corresponding  to  egg-  or  serum-albumin  in  the  vegeta- 
ble kingdom  is  doubtful  {Hitihauscn),  Such  a  body  has  been  described  in  pa]>aw  juice 
(Martin)  A 

[Globulins. — Three  varieties  have  been  described  as  occurring  in  the  seeds  of  plants : — 
vegetable  myosin,  vitelUn,  and  paraglobulin  {Martin).  They  have  practically  the  same 
properties  as  those  found  in  the  animal  kingdom :  vegetable  vitellin  has,  however,  not  been  suffi- 
deotly  studied.  Paraglobulin  has  been  found  in  papaw  juice  (Martin).  Myosin  occurs  in  the 
seeds  of  leguminosse,  in  flour,  and  in  the  potato  ]  [Globulins  ate  by  far  the  most  abundant  pro- 
teids in  plants.] 

[Vegetable  Peptone :  Albumoses. — A  true  peptone  has  not  jet  been  recognized  in  plants ; 
what  has  been  described  as  such  is  hemi-albumose  (  Vines).  Albumoses  has  been  found  in  the 
seeds  of  Icguminosse,  in  flour,  and  in  papaw  juice.  In  the  last,  two  forms  occur,  called  respec- 
lively  a-  ai^  /^-phjrtalbumose.  The  former,  a-phytalbumose,  agrees  with  the  hemi-albumose 
described  by  Vines,  being  soluble  in  cold  and  boiling  water;  giving  also  a  biuret-reaction,  and 
1  precipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The  latter,  ^-phytal- 
bumose,  is  soluble  in  cold,  but  not  in  boiling,  distilled  water ;  hence  it  is  precipitated  by  heat. 
It  is  also  readily  thrown  down  by  saturation  with  sodium  chloride,  and  gives  a  faint  biuret 
reaction  (Martin),'] 

[Vegetable  Casein  is  said  to  occur  in  the  seeds  of  leguminosse ;  and  it  is  slightly  soluble  in 
vater,  but  readily  so  in  weak  alkalies  and  in  solutions  of  basic  calcic  phosphate.  A  solution  of 
Jits  body  is  precipitated  by  adds  and  rennet.  Two  varieties  have  been  described, — (a)  leguxnin, 
n  peas,  beans,  lentils ;  acid  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HO  or  acetic 
tcid ;  (^)  confflutin,  a  very  similar  body  occurring  in  hops  and  almonds.  The  existence  of 
vegetable  casein  is  denied.  Vines  states  that  both  legumin  and  conglutin  are  artificial  products, 
>eipg  formed  from  the  globulins  present  by  the  dilute  alkali  used  in  extraction  of  the  proteids. 
Phis  b  denied  by  Ritthauscn.] 

[Gluten. — Gluten  is  readily  prepared  from  flour  by  washing  and  kneading  it  in  a  muslin  bag 
inder  a  stream  of  water.  It  b  probably  formed  by  the  fermentation  from  the  proteids  pre- 
xisting  in  flour.  So  prepared,  it  b  yellowish. brown  in  color,  very  sticky,  and  capable  of 
eing  drawn  out  into  long  shreds.  Is  is  insoluble  in  water,  soluble  (but  not  completely) 
7  prolonged  action  in  dilute  acids  and  alkalies  (.2  per  cent.  KHO  and  HCl).  The  pro- 
3nged  action  of  alcohol  (80  to  85  per  cent.)  dissolves  part  of  the  substance  of  gluten,  leaving 
rnidue,  called  by  Liebig  plant-fibrin  and  by  Ritthausen  gluten-casein.  The  alcohol  contains 
:liadin  (glutin),  glutefi- fibrin,  and  mucedin.  Gluten-casein  b  readily  soluble  in  dilute  alka- 
es,  almost  insoluble  in  dilute  acetic  acid,  and  quite  insoluble  in  cold  and  boiling  water;  the  pro- 
nets  of  its  decomposition,  by  heating  with  H^SOf  are  leucin,  tyrosin,  glutamic,  and  aspara- 
ioic  adds.  The  three  bodies  dbsolved  fix>m  gluten  by  alcohol  differ  chiefly  in  their  solubility 
I  alcohol  and  water.  Gluten-fibrin,  the  least  soluble,  is  coagulated  by  the  action  of  absolute 
Icohol ;  it  is  readily  soluble  in  dilute  acids  and  alkalies,  bdng  precipitated  by  neutralization, 
rliadin  (glutin,  plant-gelatin)  may  be  prepared  by  boiling  gluten  with  water:  it  deposits  on 
x>Iing  the  solution.  Though  soluble  in  water  at  100^  C.  at  first,  it  becomes  insoluble  by  the 
rolonged  action  of  water  at  that  temperature.  It  b,  like  gluten-fibrin,  soluble  in  dilute  acids 
id  alkalies.  Mucedin  diflers  firom  gliadin  in  being  less  soluble  in  strong  alcohol.  The  water 
ied  in  washing  the  flour  in  the  preparation  of  gluten  contains  hemi  albumose  (  Vines)  and  a 
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globulin  ( Wieyl).     Rye-flour,  as  well  as  wheaten,  yields  gluten  under  similar  treatment  with 
water.] 

[Nitrogenous  Crystalline  Principles. — Leucin,  tyrosin,  asparagin,  and  glutamic  acid  bave 
been  found  in  the  seeds  of  plants.] 

Poisonous  Proteids. — Many  of  the  proteids  are  poisonous,  and  some  of 
them  are  the  products  of  the  metabolic  activity  of  micro-organisms,  which 
seem  to  play  an  important  part  in  the  causation  of  disease.  Amongst  poison- 
ous animal-proteids  are  those  of  snake-poison,  e.g.,  of  the  cobra  and  viper 
which  contain  [-tox-albumins,  -globulins,  and  -albumoses ;  the  proteids  in  the 
serum  of  the  conger  eel  and  other  fishes  (p.  46),  and  the  albumoses  and  pep- 
tones produced  during  digestion.  Some  of  the  products  obtained  by  cultivat- 
ing specific  bacilli  in  a  culture  fluid  containing  proteid,  when  injected  into  an 
animal,  may  render  that  animal  immune  against  an  attack  of  certain  diseases. 
Hankin  has  shown  that  an  albumose  is  capable  of  protecting  animals  against 
splenic  fever.     These  bodies  are  called  **  protective  proteids."] 

250.  (2)  THE  ALBUMINOIDS  AND  FERMENTS.— These  sab- 
stances  closely  resemble  true  proteids  in  their  composition  and  origin,  and  are 
amorphous  non -crystal line  colloids ;  some  of  them  do  not  contain  S,  but  the 
most  of  them  have  not  been  prepared  free  from  ash.  Their  reactions  and  de- 
composition-products closely  resemble  those  of  the  proteids ;  some  of  them  i»o- 
duce,  in  addition  to  leucin  and  tyrosin,  glycin  and  alanin  (amido-pro]iioiuc 
acid).  They  occur  as  organized  constituents  of  the  tissues  and  also  in  fluid 
form.  It  is  unknown  whether  they  are  formed  by  oxidation  from  proteid 
bodies  or  by  synthesis. 

1.  Mucin  is  the  characteristic  substance  present  in  mucus.  That  obtained  from  the  sab- 
maxillary  gland  contains — C'52.31,  H  7.22,  N  11.84,  O  28.63.  According  to  HamroarstcD,  it 
contains  S  1.79  and  N  13.5  per  cent.  It  dissolves  in  water,  making  it  sticky  or  slimy,  and  eta 
be  filtered.  It  is  precipitated  by  acetic  acid  and  alcohol ;  and.  the  alcohol  precipitate  is  agais 
soluble  in  water.  It  is  not  precipitated  by  acetic  acid  and  ferrocyanide  of  potassium,  but  HNO, 
and  other  mineral  acids  precipitate  it.  It  gives  the  xanthoproteic  reaction,  and  becoaies 
red  with  Millon's  reagent.  Occurrence. — It  occurs  in  saliva  (2  146),  in  bile,  in  mucous  glands, 
secretions  of  mucous  membranes,  in  mucous  tissue,  in  synovia,  and  in  tendons.  [The  nradD- 
like  body  occurring  in  synovia,  which  renders  synovia  viscous,  is  said  by  Hammarsten  not  to 
be  true  mucin,  but  a  nucleo-albumin  containing  5  per  cent,  of  phosphorus.]  PatbologicaOT 
it  occurs  not  unfrequently  in  cysts;  in  the  animal  kingdom,  e*ipecially  in  snails  and  in  the 
skin  of  holothurians.  It  yields  leucin  and  7  per  cent,  of  tyrosin  when  it  is  decomp>oscd  bv 
prolonged  boiling  with  sulphuric  acid.  Mucin  behaves  like  a  glucoside;  under  the  actioo 
of  dilute  mineral  acids  at  a  high  temperature,  it  spins  up  into  an  albuminous  body  and  a 
carbohydrate  {L<rbisch).  [The  precipitate  called  mucin  has  not  always  the  same  cfaaractcn^ 
and,  in  fact,  it  differs  according  to  the  animal  from  which  it  is  obtained  {Landwekr).  The  so- 
called  mucin  of  bile  is  probably  a  nucleo-albumin  ({  177).] 

2.  Nudein  (§  24). — Miescher  gives  the  formula  Ci9H49N9P,0„ — contains  phoj^horic  add, 
which  cannot  be  separated  from  it  in  the  cold  by  dilute  neutral  acids.  It  is  slightly  soluble  m 
water,  easily  in  ammonia,  alkaline  carbonates  strong  HNO,.  It  occurs  in  the  nuclei  of  ^m 
and  blood-corpuscles  (J  22),  in  spermatozoids,  yelk-spheres,  liver,  brain,  and  milk,  yeast,  fungi, 
and  many  seeds.  It  has  resemblances  to  mucin,  and  is  perhaps  an  intermediate  product  betveci 
albumin  and  lecithin  {Hoppe-Seyier).  It  is  prepared  by  the  artificial  digestion  of  pus,  whes  it 
remains  as  an  indigestible  re&idue;  acids  precipitate  it  from  an  alkaline  solution.  It  gives  a 
feeble  xanthoproteic  reaction ;  after  the  prolonged  action  of  alkalies  and  acid,  substances 
similar  to  albumin  and  syntonin  are  fjrmed.  Hypoxanthin  and  guanin  have  been  obcained  as 
decomposition  products  from  it  (JCossel).  [A  product  intermediate  between  nuclein  and  hypo- 
xanthin  is  adenin.] 

3.  Keratin  occurs  in  all  homy  and  epidermic  tissues  (epidermic  scales,  hairs,  nails,  featbeis'' 
— C  50.3-52.5,  H  6.4-7,  N  16.2-17,  O  20.8-25,  S  0.7-5  P«'  cent.— is  soluble  in  boiling  cauttk 
alkalies,  but  swtlls  up  in  cold  concentrated  acetic  acid.  When  decomposed  by  H^SO^  it  yields 
10  per  cent,  leucin  and  3.6  per  ctnt.  tyrosin.     Neuro-keratin  (J  321). 

4.  Fibroin  is  soluble  in  strong  alkalies  and  mineral  acids,  in  ammonio-sulphate  of    copper; 
when  boiled  with  H^SO.  it  yields  5  per  cent,  tyrosin,  leucin,  and  glycin.     It  is  the   chief 
stituent  of  the  cocoons  of  insects  and  threads  of  spiders. 
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5.  Spongin,  alUed  to  fibroin,  occurs  in  the  bath-sponge,  and  yields,  as  decomposition-prO' 
ducts,  leucin  and  glydn  {^Stadeier), 

6.  Elastin,  the  fundamental  substance  in  elastic  tissue,  is  soluble  only  when  boiled  in  con- 
centrated caustic  potash — C  55-55.6,  H  7.1-7.7,  N  16.1-17.7,  O  19.2-21.1  per  cent.  It  3rields 
361045  per  cent  of  leucin  and  yi  per  cent,  of  tyrosin.  [When  elastin  is  digested,  elastoses 
are/brmed  ] 

7.  Gelatin  (Qlutin),  obtained  from  connective -tissues  by  prolonged  boiling  with  water ; 
it  gelatinizes  in  the  cold— C  52.2-50.7,  H  6.6-7.2,  N  17.9-18.8,  S  -f-  O  23.5-25  (S  0.7  per 
cent.).  [Some  authors  state  that  it  contains  no  sulphur.]  [The  ordinary  conneaive-tissues  are 
supposed  to  contain  the  hypothetical  anhydride  collagen,  while  the  organic  basis  of  bone  is 
called  ossein.]  It  rotates  the  ray  of  polarized  light  strongly  to  the  left=  —  130°.  By  pro- 
looged  boiling  and  digestion,  it  b  converted  into  a  peptone-like  body  (gelatin-peptoneV  which 
does  not  gelatinize  ({  161,  I).  [It  swells  up,  but  does  not  dissolve  in  cold  water;  when  dis- 
solved in  warm  water,  and  tinged  with  Berlin  blue  or  carmine,  it  forms  the  usual  colored  mass 
which  is  employed  by  histologists  for  making  fine  transparent  injections  of  blood-vessels.]  A 
body  resembling  gelatin  is  found  in  leukaemic  blood  and  in  the  juice  of  the  spleen  (i  103, 1). 
Wben  decomposed  with  sulphuric  acid  it  yields  glycin,  ammonia,  leucin,  bui  no  tyrosin,  [It  is 
precipitated  firom  its  solution  by  alcohol,  mercuric  chloride,  nietaphosphoric  acid,  phospho- 
tungstic  acid,  taurocholic  acid,  tannic  acid,  but  the  precipitate  with  the  last  does  not  occur  when 
salts  are  absent.  It  is  readily  soluble  in  dilute  acids,  even  in  acetic  acid.  When  boiled  with 
MilJoo's  reagent,  it  is  not  colored  red.  With  cupric  sulphate  and  caustic  soda  it  gives  a  violet 
color,  which,  on  boiling,  becomes  light  red.  It  gives  no  color  with  concentrated  H^SO^  and 
acetic  add.] 

[Gelatin,  when  treated  with  superheated  steam  or  digested,  yields  intermediate  bodies,  analo- 
gous to  the  proteoses,  and  finally  a  gelatin-peptone  is  formed  (J  166,  III),  which,  however, 
differs  from  proteid* peptone  as  follows  {Salkowski) : — 


Proteid  Peptone. 


Gelatin. 


Gelatin-Peptone. 


Adamkiewicz'  reaction,  Violet. 

.\ddition    of    an     equal  \ 
volume  of  concentrated  \  \  Dark  brown. 

H^«, J 

Millon's  reaction,   .    .    .    .  i  Reddish      predpi- 

I      tate. 
Xanthoproteic  reaction,     .  ,  Deep  ydlow. 


Yellowish. 
Yellow. 
Colorless. 
Lemon-yellow. 


Yellowish. 
Yellow. 
Colorless. 
Lemon-yellow.] 


[According  to  the  analysis  of  Hofmeister,  the  percentage  composition  of  the  gelatinous  sub- 
stances varies  within  the  following  limits : — 


Carbon,    . 
Hydrogen, 
Nitrogen, 
Sulphnr,  . 
Oxygen,  . 


Gelatin  from  bone. 


Chondrin. 


Albumin. 


49-3  -  50-8 

6.5-  6.6 

17.5-18^4 

0.56? 
24.9  -  26.0 


47.7-50.2 
6.6-   6.8 

13.9-14.1 
04  -  0.6  ? 

29.0-51.0 


50,0-55.0 
6.6-   7.3 

15.0 -19.0 
0.3-   2.4 

19.0  -  24.0] 


S.  Chondrin  occurs  in  the  matrix  of  hyaline  cartilage  and  between  the  fibres  in  fibro-car- 
ilage.  It  is  obtained  from  hyaline  cartilage  and  the  cornea  by  boiling.  [Its  solutions  gelati- 
lize  OD  cooling.]  It  occurs  also  in  the  mantle  of  molluscs — C  49.5-50.6,  H  6.6-7.1,  N  14.4- 
4.9,  S  -|-  O  27.2-29  (S  0,4  per  cent.).  When  boiled  with  sulphuric  acid  it  yields  leucin ; 
rith  hydrochloric  acid,  and  when  digested,  chondro  glucose  (Afftssner);  it  belongs  to  the 
locosides  which  contain  N.  When  acted  upon  by  oxidizing  reagents  it  is  converted  into  gelatin 
Brawu).  The  substance  which  yields  chondrin  is  called  chondrigen,  which  is  perhaps  an 
nhydride  of  chondrin.  The  following  properties  of  gelatin  and  chondrin  are  to  be  noted : — 
^latin  is  precipitated  by  tannic  acid,  mercuric  chloride,  chlorine  water,  platinic  chloride, 
nd  alcohol,  but  not  by  acids,  alum,  or  salts  of  silver,  iron,  copper,  or  lead ;  its  specific  rotation 
i  =  —  130**.  [Compare  these  precipitants  with  those  of  albumin.]  Chondrin  is  precipitated 
y  acetic  acid  and  dilute  sulphuric  and  hydrochloric  acids,  by  alum,  and  by  salts  of  silver,  iron, 
od  l^d;  its  specific  rotation  =s  —  213^. 
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[The  following  table  after  Halliburton  shows  the  chief  reactions  of  chondrin 
compared  with  those  of  mucin  and  of  gelatin  : — 


Chondrin. 


Solubilities. 


Acetic  acid. 

Mineral  acids. 

Tannic  acid. 

Mercuric  chloride. 

Lead  acetate. 

Alum. 

When  decomposed  by 

boiling  with  dilute 

mineral  acids. 


Insoluble  in  cold  water, 
alcohol,  or  ether. 

Soluble  in  hot  water; 
such  solutions  set 
into  a  jelly  when 
cold. 

Gives  a  precipitate  in- 
soluble in  excess. 

Give  a  precipitate  solu- 
ble in  excess. 

Gives  a  precipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

A  reducing  sugar  is 
formed. 


Gelatin. 


Mactn. 


Insoluble  in  cold 
water,  alcohol,  or 
ether. 

Soluble  in  hot  water; 
such  solutions  set 
into  a  jelly  when 
cold. 

Gives  no  precipitate. 

Give  no  precipitate. 

Gives  a  precipitate. 
Gives  a  precipitate. 
Gives  no  precipitate. 
Gives  no  precipitate. 
No  reducmg  sugar  is 
formed. 


Insoluble  in  coi<i 
water,  alcohol,  or 
ether. 

Insoluble  in  hot 
water. 


Gives  a  precipitate 
insoluble  in  ezcea. 

Give  a  precipitJie 
soluble  in  excess. 

Gives  DO  predphate. 

Gives  no  preapkite. 

Gives  a  precipitate. 

Gives  a  precipitate. 

A  reducing  sugar  is 
formed. 


SO  that  chondrin  possesses  the  reactions  of  gelatin  and  also  those  of  mucin.] 

[9.  Nucleo-albumins  are  compounds  of  proteids  (usually  globulins)  and 
nucleiuy  and  occur  in  cell-protoplasm.  The  mucin-like  substance  in  bile  is  a 
nucleo-albumin  (§  177).] 

10.  The  hydrolitic  ferments  have  recently  been  called  enzymes  by  W. 
KUhne,  in  order  to  distinguish  them  from  organized  ferments,  such  as  y»st 
The  enzymes,  hydrolytic  or  organic  ferments,  act  only  in  the  presence  of  water. 
They  act  upon  certain  bodies,  causing  them  to  take  up  a  molecule  of  water. 
They  all  decompose  hydric  peroxide  into  water  and  O.  They  are  most  active 
between  30*^  to  35"^  C,  and  are  destroyed  by  boiling,  but  when  dry  they  maj 
be  subjected  to  a  temperature  of  100*^  without  being  destroyed.  Their  solu- 
tions, if  kept  for  a  long  time,  gradually  lose  their  properties,  and  undergo 
more  or  less  decomposition.  [It  has  been  proposed  to  apply  the  term  zymo- 
lysis  to  the  action  of  this  group  of  ferments  (5.  Zed),} 

{a)  Sugar-forming,  amylolytic,  or  diastatic- ferment  occurs  in  saliva 
(§  143),  pancreatic  juice  (§  170),  intestinal  juice  (§  183),  bile  (§  180),  Wood 
(§  22),  chyle  (§  108),  liver  (§  174),  and  human  milk  (§  231).  Invertin  in 
intestinal  juice  (§  183).  Almost  all  dead  tissues,  organic  fluids,  and  even  pro- 
teids, although  only  to  a  slight  degree,  may  act  diastatically.  Diastatic  la- 
ments are  very  generally  distributed  in  the  vegetable  kingdom^  the  best  example 
being  diastase. 

(^;  Proteolytic,  or  ferments  which  act  upon  proteids. — Pepsin  is 
gastric  juice  and  in  muscles  (§  166),  in  vetches,  myxomycetes  (JCrukenhtri). 
trypsin  in  the  pancreatic  juice  (§170),  a  similar  ferment  in  the  intestinal  juice 
(§  iS3)«  and  urine  (§  264). 

(^)  Fat- decomposing  in  pancreating  juice  (§170),  in  the  stomach  (§  166}. 

(^)  Milk-coagulating  rennet,  or  rennin,  in  the  stomach  (§  170),  iihI 
perhaps  also  in  the  intestinal  juice  (?) — (PF.  Roberts), 

[(^)  There  are,  however,  other  ferments,  e,g,<t  coagulative  ferments,  ^.^- 
fibrin  ferment,  myosin  ferment,  and  a  ferment  from  Withania  coaguians.'] 

[The  importance  of  fermentative  processes  has  already  been  referred  to 
in  detail  under  "Digestion.*'     Ferments  are  bodies  which  excite  chemicai 
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changes  in  other  matter  with  which  they  are  brought  into  contact,  without 
apparently  undergoing  any  change  themselves,  or  at  least  they  do  not  enter  into 
the  composition  of  the  final  product.     They  are  divided  into  two  classes : — 

(i)  Unorganized;  soluble  or  non-living. 

(2)  Organized,  or  living.] 
[(i)  The  Unorganized  Ferments  are  those  mentioned  in  the  following 
table.  They  seem  to  be  nitrogenous  bodies,  although  their  exact  composition 
is  unknown,  and  it  is  doubtful  if  they  have  ever  been  obtained  perfectly  pure. 
They  are  present  in  many  secretions,  and  aLie  produced  within  the  body  by  the 
vital  activity  of  the  protoplasm  of  cells.  They  are  termed  soluble  because  they 
are  soluble  in  water,  glycerin,  and  some  other  substances  (§  148),  while  they 
can  be  precipitated  by  alcohol  and  some  other  reagents.  They  do  not  multi- 
ply during  their  activity,  nor  is  their  activity  prevented  by  a  certain  proportion 
of  salicylic  acid.  They  are  not  affected  by  oxygen  subjected  to  the  compres- 
sion of  many  atmospheres  {P,  Bert),  They  are  non-living.  Their  other  prop- 
erties are  referred  to  above.] 

[The  unorganized  ferments  present  in  the  body,  and  their  actions  (  W. 
Roberts)'.— 


Flnid  or  Tis»ues. 


Ferment. 


Saliva,  ....  I  I.  Plyalin  ({  148),  .    .    .   . 


I  Gastric  jaict. 


I.  Pepsin, 


Pancreatic 
juice. 


I  2.  Milk  curdling 

I  3.  lactic  acid  ferment,   .    . 
j  4.  Fat-splitting  (?),  .... 

1.  Diastatic  or  amylopsin, . 

2.  Trypsin, 

3.  Emulsive  (?), 

4.  Fat-splitting  or  steapsin, 

5.  Milk-curdling,     .    .    .    . 


1 


Actions. 


I 


Intestinal 
juice. 


I.  Diastatic, 


j  2.  Proteolytic,  .    . 
i  3.  Invertin,  .    .    . 
.   4.  Milk-curdling, 


{ 


Blood,      .  . 

Chyle,      .  . 

Uvcr(?),  . 

Milk,   .    .  . 

Most  ttSSQCS, 

Muscle,    .    .    . 


Converts  starch  chiefly  into  maltose. 

Converts  proteids  into  peptones  in  an  acid 
medium,  certain  bye-products  being 
formed  ({  166). 

Curdles  casein  of  milk. 

Splits  up  milk-sugar  into  lactic  acid. 

Splits  up  fats  into  glycerin  and  fatty  acids. 


Converts  starch  chiefly  into  maltose. 

Changes  proteids  into  peptones  in  an  alka- 
line medium,  certain  bye-products  being 
formed  (J  170). 

Emulsifles  fats. 

Splits  fats  into  glycerin  and  fatty  acids. 

Curdles  casein  of  milk. 

Does    not    form    maltose,  but   maltose   is 

changed  into  glucose  ({  183). 
Changes  Bbnn  into  p>eptone  (?). 
Changes  cane-  into  grape-sugar. 
(?  in  small  inte:>tine). 


•  Diastatic  ferments. 


Moscie,    -..!„.        ^     .      ^ 
Urine  .    .      r  *^^P*"*  *°"  other  ferments. 


Blood, ....  I  Fibrin  ferment. 


[(2)  Tbc  Organized  or  living  ferments  are  represented  by  yeast  (§  235). 
)ther  living  ferments  belonging  to  the  schizomycetts,  occurring  in  the  intes- 
inal  canal,  are  referred  to  in  §  184.  Yeast  causes  fermentation  by  splitting  up 
ugar  into  CO,  and  alcohol  (§  150),  but  this  result  only  occurs  so  long  as  the 
east  is  living.     Hence,  its  activity  is  coupled  with  the  vitality  of  the  cells  of 
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the  yeast.  If  yeast  be  boiled,  or  if  it  be  mixed  with  carbolic  or  salicylic  acid, 
or  chloroform,  all  of  which  destroy  its  activity,  it  cannot  produce  the  alco- 
holic fermentation.  As  yet  no  one  has  succeeded  in  extracting  from  yeast  a 
substance  which  will  excite  the  alcoholic  fermentation.  All  the  organized  fer- 
ments grow  and  multiply  during  their  activity  at  the  expense  of  the  substances 
in  which  they  occur.  Thus  the  alcoholic  fermentation  depends  upon  the 
'Mife*'  of  the  yeast.  They  are  said  to  be  killed  by  oxygen  subjected  to  tbe 
compression  of  many  atmospheres  (P.  Bert).  But  it  is  important  to  note  that 
Hoppe-Seyler  has  extracted  from  dead  yeast  (killed  by  ether)  an  unorganized 
ferment — invertin — which  can  change  cane-sugar  into  grape-sugar.] 

II.  Haemoglobin,  the  coloring-matter  of  blood,  which,  in  addition  toC, 
H,  O,  N,  and  S,  contains  irofty  may  be  taken  with  the  albuminoids  or  with  the 
pigments  (§  11).     [Haemocyanin  (§  32).] 

(3)  Glucosides  containing  Nitrogen. 

In  addition  to  chondrin,  the  following  glucosides  containing  nitrogeD, 
when  subjected  to  hydrolytic  processes,  may  combine  with  water,  and  fonn 
sugar  and  other  substances : — 

Cerebrin  (§  322)  =  Q^Hij^NjO^  {Geoghegan\  [Parous  has  shown  that  cerebrin  as  origia- 
ally  prepared  by  W.  Mtiller  is  a  mixture  of  three  bodies,  viz.,  cerebrin,  homocerebfin,  and 
encephalin.] 

Protagon— C  66.29,  H  10.69,  N  2.39,  P  1.068  per  cent,  [empirical  formula,  CmH,ggN|POJ 
—occurs  in  nerves,  and  contains  phosphorus  ( \  322). 

Chitin,  ^(Ci^H^eNjOio),  is  a  glucoside  containing  nitrogen,  and  occurs  in  the  cutaneCTs 
coverings  of  aithropoda,  and  also  in  their  intestine  and  tracheae ;  it  is  soluble  in  concentrated 
acids,  ^.^.,  hydrochloric  or  nitric  acid,  but  insoluble  in  other  reagents.  According  to  Sandvick, 
chitin  is  an  amin-derivative  of  a  carbohydrate  with  the  general  formula  n(C,,HgO,^).  The 
hyalin  of  worms  is  closely  related  to  chitin.  (Solanin,  amygdalin  (J  202),  and  salicin,  etc^  sc 
glucosides  of  the  vegetable  kingdom.) 

(4)  Coloring  Matters  containing  Nitrogen. 

Their  constitution  is  unknown,  and  they  occur  only  in  animals.  They  arc 
in  all  probability  derivatives  of  haemoglobin.  They  are — (i)  Haemoglobin 
with  its  derivatives:  haematin  (§  18,  A),  myohaematin  (§  233,  §  292), 
histo-haematin  (§  103,  IV.),  and  haematoidin  (§  20).  (2)  Bile-pigments 
(§  i77>  3)-  (3)  Urine-pigments  (except  Indican).  (4)  Melanin— Cm-^ 
Hj,  N9.9,  0«.«— or  the  black  pigment  which  occurs  partly  in  epithelium 
(choroid,  retina,  iris,  and  in  the  deep  layers  of  epidermis  in  colored  races)  and 
partly  in  connective-tissue  corpuscles  (Lamina  fusca  of  the  choroid).  [It  is 
probable  that  there  are  several  melanins.]  [Turacin  occurs  in  the  red  feathers 
of  Corythaix  Buffoni,  Cape  lory,  or  Plantain -Eater.  Its  ash  contains  nearly  6 
per  cent,  of  copper  {ChurcK),  The  reddish  spots  or  parts  of  feathers  bum  with 
a  green  Hame.] 

(5)  Coloring  Matters  containing  no  Nitrogen. 

[The  lipochromes  are  fatty  pigments,  and  are  very  numerous.  They  are 
soluble  in  ether,  and  alcohol-like  fats,  they  give  certain  absorption  bands  in  the 
spectrum  and  yield  color-reactions  with  iodine  or  sulphuric  acid,  or  with  both 
these  reagents  together  (§  384).  Amongst  them  are  lutein,  the  yellow  pig- 
ment of  the  corpus  luteum,  tctronerythrin,  the  red  pigment  in  the  sheU  oi 
crustaceans  (§  32),  the  chromophanes  of  the  retinal  cones  (§  384),  and 
visual  purple  (§  384).] 

II.  Organic  Acids  free  from  Nitrogen. 

(i)  The  fatty  acids,  with  the  formula  CttH,,_iO(OH),  occur  in  the  body 
partly  free  and  partly  in  combination.     Free  volatile  fatty  acids  occur  in  d<- 
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composing  cutaneous  secretions  (sweat).  In  corobination,  acetic  acid  and 
caproic  acid  occur  as  am  id  o-com  pounds  in  glycin  (^  amido-acetic  acid)  and 
leucin  (_=  amid  o-ca prole  acid).  More  especially  do  they  occur  united  with 
glycerin  to  fonn  neutral  fais,  from  which  the  fatty  acid  is  again  set  free  by 
pancreatic  digestion  (§  170,  III). 

(1)  The  acids  of  the  acrylic  acid  aeriea,  with  the  rormula  C>H,>-,0(HO),  are  represeoled 
in  the  bodjr  t^  one  acid,  oleic  acid — C,,H„0, — which  io  comUaition  wiib  gjyceriD  yields  (he 
ncntnl  bt  oleic. 

351.  Fats. — (i)  Neutral  fats  occur  very  abundantly  in  animals,  but  they 
also  occur  in  all  plants;  in  the  latter  more  especially  in  the  seeds  (nuts, 
almonds,  cocoanut,  poppy),  more  rarely  in  the  pericarp  (olive)  or  in  the  root. 
[The  chief  neutral  fais  found  in  the  body  are  tripalmitin,  C,H,(O.C„H„0)„ 
tristearin  C,Hj(O.C,sHmO)i  are  solid  fats  and  are  held  in  solution  at  the 
temperature  of  the  body  by  triolein,  C,Hs(O.C|sHaO),.  Tributyrin, 
C,H,(0. C,H,0),  is  found  in  butter.]  They  are  obtained  by  pressure,  melting, 
or  by  extracting  them  with  ether  or  boiling  alcohol.  They  contain  much  less 
0  than  the  carbohydrates,  such  as  sugar  and  starch  ;  they  give  a  greasy  spot  on 
paper,  and  when  shaken  with  colloid  substances,  such  as  albumin,  they  yield 
an  emulsion.  When  treated  with  superheated  steam  or  with  certain  ferments 
(p.  307,  III),  they  take  up  water  and  yield  glycerin  and  fatty  acids,  and 
if  Ibc  latter  be  volatile  they  have  a  rancid  odor.  Treated  with  caustic  alkalies 
they  also  take  up  water,  and  are  decomposed  into  glycerin  and  fatty  acids ;  the 
bity  acid  unites  with  the  alkali  and  forms  a  soap,  while  glycerin  is  set  free. 
The  soap-solution  dissolves  fats. 

[The  following  Ublc  from  Halliburton  indicates  some  of  the  differences 
between  the  neutral  fats  of  the  body : — 


C,H.(O.C„H„0),.  C,Hj(O.C, 

Mtlling-fieiHt.—s^'-bffi  C.         45'  C. 

StlwiUilies. — Nearly  insoluble  '   More  loluble  than  tleaiia  it 

in  c«ld  alcoiwl  and  ethec.         

Soluble  in  both  when  hot. 
ffnuMrit—Tbe  chief  cousti- 

tneM  or  tile  more  lolid  his 


both  hot  and  cold  alcohol 
More  ibundBnt  in  the  adi- 


c;h,(o.c„h„o),. 

Easily  soluble  in  both  hot 
and    cold    akohol    and 

Dissolves  all  the  solid  fall, 
especially  al  30°  C,  or 
atiove-,  it  is  ihus  this  fat 
which  holds  the  other  two 
In  solution  a>  Ihe  lempera- 
inre  of  the  body. 


1.  Actlic,  .... 

J   PnpioHU.       . 

4-  Butyric,    .    .    . 

[Isotunyric, 

5.  VaUri^nic.  .    . 

6.  Cafrtit,    .    .    , 

The  acids  form  a  honiol<^ous 
added  Iheir  boiling.point 


7.  (Enanthylic, 

8.  Catrylie,    .    . 

9.  Pela>|^ic,    . 
o.  Cafri^,  .    . 
t.  Laiireitiaric, 

2.  Myriitu,     . 

3.  Palmitic,    . 


or  13  and  14.] 

..  Stcar 


.  C|,H„0, 
C«H,.0, 
C„H„0, 
C„H„0, 
lies  with  the  fonnola  CbH,„_,0(OH).  Wiih  every  CH, 
Those  Conlaining  most  carbon  are  solid,  and  noo-volalile  ; 
those  containing  less  C  (op  to  and.  including  10)  are  fluid  like  oil,  have  a  tMiming  acid  taste, 
md  ■  rancid  odor.  The  earlier  members  oi^  the  series  may  bt  obtained  by  oxidation  frotn  the 
later,  by  CH,  bang  removed,  while  CO,  and  Hfi  are  formed;  thus,  propionic  acid  is  obtained 
Fnnn  butyric  acid.     Nos.  13  and  I4  are  (bund  in  human  and  animal  fat,  less  abundant  and  more 
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inconstant  are  12,  ii,  6,  8,  lo,  4.  Some  occur  in  sweat  ({  287)  and  in  milk  ({  231).  Many  of 
them  are  developed  during  the  decomposition  of  albumin  and  gelatin.  Most  of  the  abofe 
(except  15  and  17)  occur  in  the  contents  of  the  large  intestine  ({  185). 

(2)  Glycerin  also  unites  with  the  monobasic  oleic  acid,  which  also  forms  a  series,  whose 
general  formula  is  CnH.Q_,0(OH ) ;  and  they  all  contain  2H  less  than  the  correspooding 
members  of  the  fatty  acid  series.  The  corresponding  fatty  acids  can  be  obtained  from  thedeic 
acid  series  and  vice  versd.  Oleic  acid  (olein-elainic  acid),  Ci^Hi^Oj,  is  the  only  one  ft«iind  in 
the  organism ;  united  with  glycerin,  it  forms  the  fluid  fat,  olein.  The  fat  of  new-bom  children 
contains  more  glyceride  of  palmitic  and  stearic  acid  than  that  of  adults,  which  contains  more 
glyceride  of  oleic  acid.  Oleic  acid  also  occurs  united  with  alkalies  (in  soaps)  and  (like  some 
Uitty  acids)  in  the  lecithins  (J  23).  If  lecithin  be  acted  on  with  barium  hydrate,  we  obtain 
insoluble  stearic,  or  oleic,  or  palmitic  acids  and  barium  oleate,  together  with  dissolved  neorin 
(2  322,  b)  and  baric  glycero  phosphate.  Lecithin  is  regarded  as  glycero-phosphate  of  nenrio,in 
which  in  the  radical  of  glycero-phosphoric  acid  2  atoms  H  are  replaced  by  2  of  stearic, 
palmitic,  or  oleic  acids.  It  appears  as  if  there  were  several  lecithins,  of  which  the  most  aban- 
dant  are  the  one  with  stearic  acid  and  that  with  palmitin  +  oleic  acid  radical  {Z>iaJhi$o»}. 
Lecithin  occurs  in  the  blood-corpuscles  (2  23),  semen,  and  nerves.  Neurin  is  constantly  preseat 
in  fungi. 

The  neutral  fats  [palmitin,  stearin  (both  solid),  and  olein  (fluid)],  the  glycerides  of  fattj 
acids,  and  of  oleic  acid,  are  triple  ethers  of  the  triatomic  alcohol  glycerin.  Wuh  the  nenlral  £rts 
may  be  associated  glycero-phosphoric  acid,  an  acid  gl3rcerin  ether,  formed  by  the  uoioo  of 
glycerin  and  phosphoric  acid,  with  the  giving  off  of  a  molecule  of  water  (C^H^PO^ ) ;  k  is  a 
decomposition-product  of  lecithin  ({  23). 

(3)  The  glycolic  acids  (acids  of  the  lactic  acid  series)  have  the  formula  CBH^.,0(OH)r 
They  are  formed  by  oxidation  from  the  fatty  acid  series  by  substituting  OH  (h3^roxyn  far  one 
atom  of  H  of  the  fatty  acids.  Conversely,  fatty  acids  may  be  obtained  from  the  glyoMic  acids. 
The  following  acids  of  this  series  occur  in  the  body : — 

{a)  Carbonic  Acid  (oxy-formic  acid),  CO(OH),;  in  this  form,  however,  it  forms  salts  only. 
Free  carbonic  acid  or  carbon  dioxide  is  an  anhydride  of  the  same  ^  CO,. 

{6)  Glycolic  Acid  (oxy-acetic  acid),  C,H20(OH)2  does  not  occur  free  in  the  body.  One  of 
its  compounds,  glycin  (glycocoU,  amido  acetic  acid,  or  gelatin-sugar), occurs  as  a  conjugate  add, 
viz.,  as  glycocholic  acid  in  the  bile  ({  177, 2),  and  as  hippuric  acid  in  the  urine  ({  260).  Glydn 
exists  in  complex  combination  in  gelatin. 

(c)  Lactic  Acid  (oxy  propionic  acid),  CjH^OfOH),,  occurs  in  the  body  in  two  isomeric  forms 
— I.  The  ethylidene  lactic  acid,  which  occurs  in  two  modifications — as  the  right  rotatory 
sarcolactic  acid  (paralactic),  a  metabolic  product  of  muscle;  and  as  the  ordinary  opcicallj 
inactive  product  of  '*  lactic  fermentation,'*  which  occurs  in  gastric  juice,  in  sour  milk  fsauerkrast, 
add  cucumber),  and  can  be  obtained  by  fermentation  from  sugar  ({  184).  2.  The  tsoner, 
etbylene-lactic  acid,  occurs  in  the  watery  extract  of  muscles  (J  293). 

{d)  Leucic  Acid  (oxy-x:aproic  add),  C, H^O,,  does  not  occur  as  such,  but  only  in  the  fonn  of 
one  of  its  derivatives,  leucin  (amido-caproic  add),  as  a  product  of  the  metabolism  in  many 
tissues,  and  is  formed  during  pancreatic  digestion  ({  170,  II).  Leucic  acid  may  be  prepared 
from  leucin,  and  glycolic  acid  from  glycin,  by  the  action  of  nitrous  acid. 

(4)  Acids  of  the  Oxalic  Acid  or  Succinic  Acid  Series,  having  the  fonnala  C«H^ 
^0,(0H)2,  are  bi-basic  acids,  which  are  formed  as  completely  oxidized  products  by  the  oxidlaijoe 
of  fatty  acids  and  glycolic  acid,  water  being  removed.  It  b  important  to  note  their  origin  frooi 
substances  rich  in  carbon,  ^.^.,  fats,  carbohydrates,  and  proteids. 

{a)  Oxalic  Acid,  C,0,(OH),,  arises  from  the  oxidation  of  glycol,  glydn,  cellulose,  sugar, 
starch,  glycerin,  and  many  vegetable  acids — it  occurs  in  the  urine  as  caldum  oxalate 
(?  a6o). 

(d)  Succinic  Acid,  C4H402(OH)2,  has  been  found  in  small  amount  in  animal  solids  and  fioads. 
spleen,  liver,  thymus,  thyroid ;  in  the  fluids  of  echinococcus,  hydrocephalus,  and  hydrocele,  and 
more  abundantly  in  dog's  urine  after  fatty  and  flesh  food ;  in  rabbit's  urine  after  feeding  with 
yellow  turnips.     It  is  also  formed  in  small  amount  during  alcoholic  fermentation  (|  1 50). 

(5)  Cholalic  Acid  in  the  bile  (|  177)  and  in  the  intestine  ({  182). 

(6)  Aromatic  Acids  contain  the  radical  of  benzol.  [Benzene  or  benzol,  with  tbe  €ormn3a 
Of  tif,  is  the  origin  of  the  aromatic  group,  so  called  because  many  of  the  derivatives  of  tbb 
body  have  aromatic  properties.  One  or  more  of  the  atoms  of  hydrogen  can  be  replaced  by 
more  or  less  complicated  radicals.]  Benzoic  Acid  (=  phenyl-formic  add)  occurs  in  mot 
united  with  glycin,  as  hippuric  acid  (J  266). 
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III.  Alcohols. 

Alcohols  are  bodies  which  originate  from  carbohydrates,  in  which  the  radi- 
cal hydroxyl  (HO)  is  substituted  for  one  or  more  atoms  of  H.     They  may  be 

also  regarded  as  water,  tt  [-  O,  in  which  the  half  of  the  H  is  replaced  by  a 

•"• )  C  H  ) 

CH  compound.    Thus,  C,H«  (ethyl-hydride)  passes  into     'rr*  \  O   (ethylic 

alcohol).  "  ^ 

{a)   Cholesterin,  ^u^  >  O,  is  a  true  monatomic  alcohol,  and  occurs  in  blood,  yolk,  brain, 

bile  (2  177,  4),  and  generally  in  vegetable  cells;  it  is  the  only  solid  monatomic  alcohol  in  the 
body.  { OH 

(i)  Glycerin,  QH.  •!  OH,  is  a  triatomic  alcohol.     It  occurs  in  neutral  fats  united  with  fatty 

(oh 

acids  and  oleic  acid ;  it  is  formed  by  the  splitting  up  of  neutral  fats  during  pancreatic  digestion 
(}  170,  III),  and  during  the  alcoholic  fermentation  (J  150). 

{A  Phenol  (  =  phenylic  acid,  carbolic  acid,  oxy. benzol)  ({  184,  III). 

(a)  Pjrrokatechin  (-=  dioxybenzol)  (§  252). 

{e)  The  Sugars  are  closely  related  to  the  alcohols,  and  they  may  be  regarded  as  polyatomic 
mlcobols.  Their  constitution  is  unknown.  Together  with  a  series  of  closely-related  bodies  they 
form  the  great  group  of  the  carbohydrates,  some  of  which  occur  in  the  animal  body,  while 
others  are  widely  distributed  in  the  vegetable  kingdom. 

252.  THE  CARBOHYDRATES.— Occur  in  plants  and  animals,  and 
receive  their  name,  because  in  addition  to  C  (at  least  6  atoms),  they  contain 
H  and  O,  in  the  proportion  in  which  these  occur  in  water.  They  are  all  solid, 
chemically  indifferent,  and  without  odor.  They  have  either  a  sweet  taste 
(sugars),  or  can  be  readily  changed  into  sugars  by  the  action  of  dilute  acids  ; 
they  rotate  the  ray  of  polarized  light  either  to  the  right  or  left ;  as  far  as  their 
constitution  is  concerned,  they  may  be  regarded  as  fatty  bodies,  or  as  hexa- 
tomic  alcohols,  in  which  2H  are  wanting. 

Small  quantities  of  carbohydrates  occur  in  nearly  all  animal  tissues.  Under  certain  conditions 
of  nutrition,  there  is  reason  to  believe  that  complex  organic  constituents  of  our  tissues,  e.  g",,  pro- 
teids,  split  up  into  a  nitrogenous  body  from  which  urea  is  readily  formed,  and  a  non- nitrogenous 
carbon-containing  residue,  and  from  the  latter  fat  or  carbohydrates  may  be  formed  ({  241).  Car- 
bohydrates are  formed  from  fats  in  the  germination  of  oleaginous  seeds,  oxygen  being  absorbed 
in  the  process. 

They  are  divided  into  the  following  groups  : — 

I.  Division. — Glucoses  (C^H^O,). — ( i)  Grape-sugar  (glucose,  dextrose,  or  diabetic  sugar) 
occurs  in  minute  quantities  in  the  blood,  chyle,  muscle,  liver  (?),  urine,  and  in  large  amount  in 
the  urine  in  diabetes  mellitus  (}  175).  It  is  formed  by  the  action  of  diastatic  ferments  upon 
other  carbohydrates,  during  digestion.  In  the  vegetable  kingdom  it  is  extensively  distributed 
in  the  sweet  juices  of  many  fruits  and  flowers  (and  thus  it  gets  into  honey).  It  is  formed  from 
cane-sugar,  maltose,  dextrin,  glycogen,  and  starch,  by  boiling  with  dilute  acids.  It  crystallizes 
in  warty  masses  with  one  molecule  of  water  of  crystallization ;  unites  with  bases,  salts,  acids, 
and  alcohols,  but  is  easily  decomposed  by  bases;  it  reduces  many  metallic  oxides  (J  149). 
Fresh  solutions  have  a  rotatory  power  of  +  106^.  By  fermentation  with  yeast  it  splits  up  into 
alcohol  and  CO,  ({  150) ;  with  decomposing  proteids  it  splits  up  into  2  molecules  of  lactic  acid 
(2  184,  I) ;  the  lactic  acid  splits  up  under  the  same  conditions  in  alkaline  solutions,  into  butyric 
add,  CO.  and  H.  For  the  qualitative  and  quantitative  estimation  of  glucose,  see  {  149  and 
I  150.  In  alcoholic  solution,  it  forms  very  insoluble  compounds  with  chalk,  barium,  and  potas- 
sium, and  it  also  forms  a  crystalline  compound  with  common  salt  (Estimation,  {  150). 

(2)  Galactose,  obtained  by  boiling  milk-sugar  (lactose)  with  dilute  mineral  acids;  it 
crystallizes  readily,  is  very  fermentable,  and  gives  all  the  reactions  of  glucose.  When  oxidized 
with  nitric  acid  it  becomes  transformed  into  mucic  acid.  Its  specific  rotatory  power  = 
-H  88.080. 

(3)  Laevulose  (left-  fruit-,  invert-,  or  mucin-sugar)  occurs  as  a  colorless  syrup  in  the  acid 
jnices  of  some  fruits  and  in  honey ;  is  non-crystallizable,  and  insoluble  in  alcohol ;  specific  rota- 
tory power  =  —  106''.  It  is  formed  normally  in  the  intestine  (}  183),  and  occurs  rarely  as  a 
pathological  product  in  urine. 

II.  Division. — This  contains  carbohydrates  with  the  formula  Cj^H^Ou,  and  its  members  may 
be  regarded  as  anhydrides  of  the  first  division — i.  Milk-sugar  or  lactose  occurs  only  in  milk, 
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ciystallizes  in  cakes  (with  i  molecule  of  water)  from  the  syrupy  concentrated  whey ;  It  rotates 
polarized  light  to  the  right  =  -f  59*3*  ^^^  is  much  less  soluble  in  water  and  alcohol  than  grape- 
sugar.  When  boiled  with  dilute  mineral  acids  it  passes  into  galactose,  and  can  be  directly 
transformed  into  lactic  acid  only  by  fermentation  ;  the  galactose,  however,  is  capable  of  under- 
going the  alcoholic  fermentation  with  yeast  (Koumiss  preparation,  {  231).  For  its  quantnatire 
estimation  ({  231).     Rare  in  urine  (J  267). 

2,  Maltose  (ChH^O,,)  -j-  H.O  i^O' Sullivan)  has  i  molecule  of  water  less  than  grape- sogar 
(CiiHj^Oi,),  is  formed  during  the  action  of  a  diastatic  ferment,  such  as  saliva  upon  stareb 
(J  148) ;  is  soluble  in  alcohol,  right-rotatory  power  =  -f-  150°;  it  is  crystalline,  while  its  ledoc- 
ing  power  is  only  two-thirds  that  of  dextrose.  [The  ratio  of  the  reducing  power  of  maltose  to 
that  of  glucose  is  100  to  66.] 

3.  Saccharose  (cane-sugar)  occurs  in  sugarcane  and  some  plants;  it  does  not  redooe  a 
solution  of  copper,  is  insoluble  in  alcohol,  is  right-rotatory  and  not  capable  of  fermcntaiioo. 
When  boiled  with  dilute  acids,  it  becomes  changed  into  a  mixture  of  easily  fermentaUe  ghicote 
(right-rotatory)  and  laevulose  (invert  sugar,  J  183,  5,  and  J  184, 1,  7),  whidi  ferments  with  diffi- 
culty and  is  lett-rotatory  (J  183).  When  oxidized  with  nitric  acid,  it  passes  into  glucic  add  and 
oxalic  acid.) 

III.  Division. — This  contains  carbohydrates,  with  the  formula  (C^Hj^O^);,  which  may  be 
regarded  as  anhydrides  of  the  second  division. 

1.  Glycogen,  with  a  dextro-rotatory  power  of  211°,  does  not  reduce  cupric  oxide.  It  occurs 
in  the  liver  ({  174),  muscles,  many  embryonic  tissues,  the  embryonic  area  of  the  chick  {ICuk)  ia 
normal  and  pathological  epithelium ;  in  diabetic  persons  it  is  widely  distributed  ;  brain,  pancreas, 
and  cartilage ;  and  in  the  spleen,  pancreas,  kidney,  ovum,  brain,  and  blood,  together  with  a 
small  amount  of  glucose  {Pavy).  It  also  occurs  in  the  oyster  and  some  of  the  molluso  {Bisif), 
and  indeed  in  all  tissues  and  classes  of  the  animal  kingdom. 

2.  Dextrin  was  discovered  by  Limpricht  in  the  muscles  of  the  horse.  It  is  right-rocatory  = 
-{-  138°,  soluble  in  water,  and  forms  a  very  sticky  solution,  from  which  it  is  precipitated  by  alco- 
hol or  acetic  acid ;  it  is  tinged  red  brown  with  iodine.  It  is  formed  in  roasted  starch,  (hence  it 
occurs  in  large  quantity  in  the  crust  of  bread— see  Breads  \  234),  from  starch  by  dilute  acids, 
and  in  the  body  by  the  action  of  ferments  (J  148).  It  is  formed  from  cellulose  by  the  actioo  of 
dilute  or  sulphuric  acid.     It  occurs  in  beer,  and  is  found  in  the  juices  of  most  plants. 

(3.  Amyium  or  Starch  occurs  in  the  *'  meally  "  parts  of  many  plants,  is  formed  vndun 
vegetable  cells,  and  consists  of  concentric  layers  with  an  eccentric  nucleus  (fig.  186).  The 
diameter  and  characters  of  starch- grains  vary  greatly  with  the  plaiK  from  which  they  are  derrred. 
At  72^  C.  it  swells  up  in  water  and  forms  a  mucilage ;  in  the  cold,  iodine  colors  it  blue.  Stascib- 
grains  always  contain  more  or  less  cellulose  and  a  substance,  ersrthrogranulose,  whidi  is 
colored  red  with  iodine  ({  148).  It  and  glycogen  are  transformed  into  dextrose  by  ccxtuo 
digestive  ferments  in  the  saliva,  pancreatic,  and  intestinal  juices,  and  artificially  by  bonlii^  witb 
dilute  sulphuric  acid.) 

(4.  Gum,  C|oH^O,o  occurs  in  vegetable  juices  (especially  in  acacix  and  mimosse),  also  in  the 
salivary  glands,  mucous  tissue,  lungs,  and  urine ;  is  partly  soluble  in  water  (arabin),  partly  sweBs 
up  like  mucin  (bassorin).  Alcohol  precipitates  it.  It  is  fermentable,  and  when  boiled  with 
dilute  acid  yields  a  reducing  sugar.) 

(5.  Inulin,  a  crystalline  powder  occurring  in  the  root  of  chicory,  dandelion,  and  speoaUy  m 
the  bulbs  of  the  dahlia ;  it  is  not  colored  blue  by  iodine.) 

(6.  Lichenin  occurs  in  the  intercellular  substance  of  Iceland  moss  (Cetraria  islandica)  aad 
algae ;  is  transformed  into  glucose  by  dilute  sulphuric  add.) 

(7.  P^ramylum  occurs  in  the  form  of  granules  resembling  starch,  in  the  infusorian,  Engksa 
viridis.) 

(8.  Cellulose  occurs  in  the  cell-walls  of  all  plants  (in  the  exo-skeleton  of  arthropoda,  aed 
the  skin  of  snakes) ;  soluble  only  in  anmiionio  cupric  oxide ;  rendered  blue  by  stilphnric  acid 
and  iodine.     Boiled  with  dilute  sulphuric  acid,  it  yields  dextrin  and  glucose.     ConcentrMed 
nitric  acid  mixed  with  sulphuric  acid    changes  it  (cotton)  into  nitro- cellulose   (gun-cotton 
Cf  H,(NOf)305,  which  dissolves  in  a  mixture  of  ether  and  alcohol  and  forms  collodion. 

(9.  Tunicin  is  a  substance  resembling  cellulose,  and  occurs  in  the  integument  of  the  Tuncsa 
or  Ascidians.) 

IV.  Division. — This  contains  the  carbohydrates  which  do  not  ferment 

I.  Inosit — C^HjyOf — (phaseo-mannit,  muscle-sugar)  occurs  in  muscle  (5<->l^rrr)y  lang,  Urcr. 
spleen,  kidney,  brain  of  ox,  human  kidney;  pathologically  in  urine  and  the  nuid  of  echt]>ococca& 
In  the  vegetable  kingdom,  in  beans  (leguminosae),  and  the  juice  of  the  grape.  It  is  am  xsoner  of 
grape  sugar;  optically  it  is  inactive,  crystallizes  in  warts  with  2  molecules  of  water,  in 
clinic  crystals ;  it  has  a  sweet  taste,  is  insoluble  in  water,  does  not  give  Tromroer*s 
capable  of  undergoing  only  the  sarcolactic  acid  fermentation.  (Nearly  allied  are 
sorbic  acid — Scyllit,  from  the  intestines  of  the  hag-fish  and  skate — and  Bucalin, 
the  fermentation  of  melitose.)     [Some  authors  however  include  these  with  the  glucoses.] 
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[Glycuronic  acid,  C^Hi^Of,  seems  to  be  related  to  the  carbohydrates.  It  occurs  in  the  urine 
a^  t  potassium  salt  (CfHyO^K^,  and  is  found  in  large  quantity  in  the  urine  after  the'administra- 
tioo  of  chloral,  chloroform,  butyUchloral,  etc.  It  reduces  alkaline  solutions  of  copper,  e.  g.^ 
Fehling's  solution,  and  is  apt,  therefore,  to  be  mistaken  for  dextrose  (}  262).  It,  however,  does 
not  Dodergo  the  alcoholic  fermentation  as  dextrose  does.] 

IV.  Derivatives  of  Ammonia  and  their  Compounds. 

The  ammonia  derivatives  are  obtained  from  the  proteids,  and  are  decomposition-products  of 
tbeir  metabolism. 

(i)  Amines,  i,  e.  compound  ammonias  which  can  be  obtained  from  ammonia  (NH),  or  from 
ammoDiom-hydroxide  (NH^ — OH),  by  replacing  one  or  all  the  atoms  of  H  by  giouftt  of  carbo- 
hydrates (alcohol  radicals).  The  amine  derived  from  one  molecule  of  ammonia  is  called  mona- 
mine.    We  are  only  acquainted  with — 

Methylamine  H   In  and  Tri-Methylamine  Ch!In, 

CH3J  chJ 

as  decomposition-products  of  cholin  (neurin)  and  of  kreatin.     Neurin  occurs  in  lecithin  in  a  very 
complex  combination  Tsee  Lecithin,  p.  486,  and  also  {  23). 

(2)  Amides,  i.  e.,  aerivatives  of  acidb  which  have  excnanged  the  hydroxyl  (HO)  of  the  acids 
for  NH,  ( Amidogen).  Urea,  CO(NH,)„  the  biamid  of  CO,,  is  the  chief  end-product  of  the 
metabolism  of  the  nitrogenous  constituents  of  our  bodies  (see  Urine^  \  256).  Carbon  dioxide 
cootainuig  water  =  CO(OH),,  where  both  OH  are  replaced  by  NH,— thus  we  get  CO(NH,),, 
area. 

(3)  Amido-acids,  f .  r.,  nitrogenous  compounds,  which  show  partly  the  character  of  an  acid 
and  partly  that  of  a  weak  base,  in  which  the  atoms  of  H  of  the  acid-radical  are  replaced  by  NH,, 
or  by  the  substituted  ammonia  groups. 

(a)  Glycin  (or  amido-acetic  acid,  glycocoll,  gelatin-sugar,  }  177,  2)  is  formed  by  boiling 
gelatin  with  dilute  sulphuric  acid.  It  has  a  sweet  taste  (gelatin-sugar),  behaves  as  a  weak  acid, 
but  also  unites  with  acids  as  an  amine-base.  It  occurs  as  glycin  •\-  benzoic  acid  =  hippuric  acid, 
in  urine  ({  260  and  also  as  glycin  -|-  cholalic  acid  =  glycocholic  acid  in  bile  ({  177).  (^)  Leucin 
—(I  170)  =  amido-caproic  acid.  {c\  Serin — ( =  ?  amido-lactic  acid)  obtained  from  silk-gelatin. 
\i)  Aspartic  acid — (amido-succinic  acid) ;  and  {e)  Glutamic  acid,  obtained  by  the  splitting 
op  of  proteids  ({  170).  Other  amido-acids  are — (/)  Cystin  =  amido-lactic  acid,  in  which  O  is 
replaced  by  S  (2  268).  (^)  Taurin — (J  177),  amido-ethyl  sulphuric  acid  occurs  (except  in 
certain  glands)  chiefly  in  combination  with  cholalic  acid,  as  taurocholic  acid  in  bile.  Tyrosin 
(panbydro-oxyphenyl-amido-propionic  acid),  an  amido-acid  of  unknown  constitution,  occurs 
along  with  leucin  during  pancreatic  digestion  ({  170),  is  a  decomposition-product  of  proteids,  and 
occurs  plentifully  in  the  urine  in  acute  yellow  atrophy  of  the  liver  ({  269). 

To  Uie  amido-acids  are  related — {a)  Kreatin  in  muscle,  brain,  blood,  urine,  regarded  as 
metbyl-uramtdo-acetic  acid  (CHgN.O,).  It  has  been  prepared  artificially.  When  boiled  with 
baryta- water,  it  takes  up  n,0,  and  splits  into  urea — and  (^)  Sarkosin  (C,H,NO,),  methyl- 
smido-acetic  acid.  When  boiled  with  water,  or  heated  with  strong  acids,  in  the  presence  of 
putre^riikg  substances,  kreatin  gives  off  water,  and  is  changed  into  kreatinin  (C^H^N^O).  This 
strong  b^  can  be  rechanged  by  alkalies  into  kreatin. 

(4)  Ammonia  Derivatives  of  Unknown  Constitution. — Uric  acid  ({  258);  allantoin 
{\  260),  is  forme<l  by  the  oxidation  of  uric  acid  l^  means  of  potassium  permanganate ;  ^yanuric 
icid  in  dog's  urine ;  inosinic  acid  in  nroscle ;  guanin  in  traces  in  the  liver  and  pancreas,  in 
guano,  the  excrements  of  spiders,  in  the  skin  of  amphibia  and  reptiles,  in  the  silver  sheen  of  many 
Bshes  \a.  Ewald  and  Krukenberg) ;  by  oxidation  it  yields  urea  (p^  450^ ;  hypoxanthin  or 
tarkin  occurs  along  with  xanthin  in  many  organs  and  in  urine.  Kossel  prepared  hypoxanthin 
from  nndcin  by  prolonged  boiling  of  the  latter.  It  may  be  obtained  fix>m  fibrin  by  putrefaction, 
^  gastric  and  pancreatic  digestion,  and  by  dilute  acids  {Salomon^  H.  Krause^  Chittendm) ; 
lanthin  is  prepared  by  oxidation  from  hypoxanthin.  It  occurs  very  rarely  in  the  form  of  a 
irinary  calculus.  Paraxanthin  in  urine,  and  a  similar  body  camin  in  flesh  (J  233).  [Adenin 
C|HjN}),  discovered  by  Kossel  in  the  pancreas,  yeast,  and  tea- leaves,  has  also  been  isolated  from 
be  spleen,  lymphatic  glands,  and  kidney ;  it  appears  to  be  present  in  all  highly  cellular  animal 
md  vegetable  tissues.  Like  the  allied  t^ses,  xanthin  and  guanin,  it  is  a  derivative  of  the  nuclein 
»f  the  nuclei.] 

Aromatic  Substances. 

I.  Monatomic  phenola— (a)  Phenol  (hydroxyl  of  benzol)  in  the  intestine  ({  180).  Phe- 
tylsulphuric  acid  in  urine  ({  202).  [b)  Kresol,  in  the  form  of  orthokresol  and  parakresol^ 
mited  with  sulphuric  acid,  occur  in  urine  (J  262).  2.  Diatomic  phenols — {a)  pyrokatechin 
inited  with  sulphuric  acid  in  urine  ({  262).  3.  Aromatic  oxyacids — {a)  Hydroparacu- 
naric  acid ;  (^)  Paraoxjrphenylacetic  acid  in  urine  (J  262).    4.  Indol  and  skatol  in  the 
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intestine  ({  1S4),  conjoined  with  salphnric  acid  in  urine  ({  262).     Skatol  has  been  fonned  titi- 
ficially  by  distilling  strychnia  with  lime  (Stoehr). 

253.  HISTORICAL. — According  to  Aristotle,  the  organism  requires  food  for  three  purposes 
— for  growth,  for  the  production  of  heat,  and  to  compensate  for  the  loss  of  the  bodily  exatta. 
The  formation  of  heat  takes  place  in  the  heart  by  a  process  of  concoction,  the  beat  so  formed 
being  distributed  to  all  parts  of  the  body  by  means  of  the  blood,  while  the  respiratioo  is  regarded 
as  an  act  whereby  the  body  is  cooled.  Galen  accepted  this  view  in  a  somewhat  modi6ed  form; 
according  to  him,  the  metabolic  processes  may  be  compared  to  the  processes  going  on  in  a  lamp; 
the  blood  represents  the  oil ;  the  heart,  the  wick ;  the  lungs,  the  fanning  apparatus.  Accordiog 
to  the  view  of  the  iatrochemical  school  {van  Heimont)^  the  metabolic  processes  of  the  body  are 
fermentations,  whereby  the  food  is  mixed  w  th  the  juices  of  the  body.  Since  the  middle  of  the 
seventeenth  century  (Boy/f),  the  knowledge  of  the  metabolic  processes  has  followed  thedevekip- 
ment  of  chemistry.  A.  v.  Haller  regarded  heat  as  due  to  chemical  processes — the  food  000- 
tinually  suppl3ring  the  waste  which  is  excreted  from  the  body.  After  the  discovery  of  oxygen 
(1774,  by  Priestley  and  Scheele),  Lavobier  formulated  the  theory  of  combttstion  in  the  longs, 
whereby  carbonic  acid  and  water  are  formed.  Mitscherlich  compared  the  decompo«tioih{r)- 
cesses  in  the  living  body  with  putrefactive  processes.  Magendie  was  the  6rst  to  emphasiie  the 
difference  between  nitrogenous  and  non- nitrogenous  foods,  and  he  showed  that  the  latter  alooc 
were  not  able  to  support  life.  Even  gelatin  alone  is  not  sufficient  for  this  purpose.  The  greatest 
advance  in  the  theory  of  nutrition  was  made  by  J.  v.  Liebig,  who  laid  the  foundation  of  our  prcseat 
knowledge  of  this  subject.  According  to  Liebig,  foods  may  be  divided  into  two  classes,  viz.,tbe 
**  plastic,"  suitable  for  the  construction  of  the  organism,  and  the  **  respiratory  "  for  the  main- 
tenance of  the  temperature  ;  to  the  former  class  he  referred  the  albuminates  or  proteids ;  to  the 
latter,  the  non-nitrogenous  carbohydrates  and  fats  (p.  451).  Amongst  recent  observers,  the  Ma- 
nich  School,  as  represented  by  v.  Bischoff,  v.  Pettenlcofer,  and  v.  Voit,  has  done  naost  to  give  as 
an  exact  knowledge  of  this  department  of  physiology. 
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[Elimination  of  Waste  Products. — We  have  seen  that  the  tissues  are 
nourished  by  the  lymph,  which  contains  the  chemical  compounds — proteids, 
carbohydrates,  fats,  salts,  and  gases — necessary  for  nourishing  the  tissues.  As 
a  result  of  the  activity  of  the  tissues,  certain  waste-products  are  formed  which 
are  removed  from  the  tissues  either  by  passing  directly  into  the  lymph-stream, 
by  which  they  ultimately  enter  the  blood, — or  certain  of  these  waste-products 
pass  into  the  venous  blood.  In  an^  case,  the  blood  contains  these  waste- 
products  and  they  must  be  got  nd  of,  for  if  they  accumulate  to  any  great 
extent  in  the  blood  they  injure  the  tissues.  These  matters  are  eliminated  from 
the  blood  by  various  organs— called  excretory  organs — while  the  substances 
so  excreted  are  called  excretions.] 

[A  complete  acquaintance  with  all  the  facts  of  the  case  would  enable  us  to 
trace  step  by  step  the  various  changes  which  the  neutral  substances  undergo 
before  they  become  effete  products,  but  our  acquaintance  with  what  goes  on  in 
the  economy  does  not  enable  us  to  do  so  completely.  Speaking  bVoadly,  how- 
ever, the  chief  waste-products  are  urea,  and  certain  closely  allied  nitrogenous 
Ixxlies,  carbon  dioxide,  salts,  and  water.  These  substances  leave  the  body  by 
one  or  other  of  three  main  channels.  Much  of  the  water,  urea,  and  allied  bodies, 
md  the  greater  portion  of  the  salts,  are  eliminated  in  the  urine  by  the  kidneys. 
Fhese  organs  are  of  special  importance,  as  nearly  all  the  waste  bodies  contain- 
ng  nitrogen  are  eliminated  in  the  urine.  Through  the  skin — in  the  sweat — is 
eliminated  a  large  but  variable  quantity  of  water,  a  very  small  amount  of  salts, 
md  a  little  carbon  dioxide.  The  lungs  serve  as  the  chief  channel  for  the  elimi- 
lation  of  carbon  dioxide  and  a  considerable  quantity  of  water  in  the  form  of 
iqueous  vaf>or. 

[Besides  these  main  channels  the  liver  excretes  substances  in  the  bile,  some 
>f  which  are  ultimately  discharged,  perhaps  in  a  somewhat  altered  form,  in 
be  faeces.  As  we  have  seen,  some  of  the  undigested  food  is  excreted  by  the 
K)wel  and  along  with  it  certain  residues  derived  from  the  secretions  poured  into 
he  intestinal  canal. 

254.  STRUCTURE  OF  THE  KIDNEY.— [Capsule.— The  kidney 
>  a  compound  tubular  gland,  and  is  invested  by  a  thin,  tough,  fibrous 
apsule,  easily  stripped  off  from  the  substance  of  the  organ,  to  which  it  is 
ttached  by  fine  processes  of  connective- tissue  and  blood-vessels.] 

[Naked  Eye  Appearances. — On  dividing  the  kidney  longitudinally  from 
be  hilum  to  its  outer  border,  and  examining  the  cut  surface  with  the  naked 
ye,  we  observe  the  parenchyma  of  the  kidney,  consisting  of  an  outer 
ortical  and  an  inner  medullary,  or  pyramidal  portion,  the  latter  composed 
f  about  twelve  conical  papillae,  or  pyramids  of  Malpighi,  with  their  apices 
irected  towards  and  embraced  by  the  calices  of  the  pelvis  of  the  kidney  (fig. 
96).  The  medullary  portion  is  further  subdivided  into  the  boundary  layer 
f  Ludwig  and  the  papillary  portion.  According  to  Klein,  the  relative  pro- 
ortions  of  these  three  parts  are — cortex,  3.5  ;  boundary  layer,  2.5,  and  papil- 
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lary  portion,  4.  The  cortex  has  a  light  brown  color,  aod  when  torn  p 
a  slightly  granular  aspect,  with  radiating  lines  running  at  regular  dis 
The  granules  are  due  to  the  presence  of  the  Malpighian  corpuscles,  aod  the 
strife  to  the  medullary  rays.  The  boundary  zone  is  darker,  and  often  puiplisb 
in  color.  It  is  striated  with  clear  and  red  lines  alternating  with  opaque  ooes, 
the  former  being  blood-vessels  and  the  latter  uriniferous  tubules.  The  papillary 
zone  is  nearly  white  and  uniformly  striated,  the  sirite  converging  to  the  apei 
of  the  pyramid.  The  medulla  is  much  denser  and  less  friable  than  the  corta, 
owing  to  the  presence  of  a  large  amount  of  connective- tissue  between  tbc 
tubules.     The  bundles  of  straight  tubes  of  the  medulla  may  be  traced  at  ngtAa 

BouDdary  layt 

er  Medulla. 
Papillary   por- 

duUa. 


CORTEX. 
Raul  ellyi. 


Fig.  396. 
Longitudinal  section  through  the  kidne;  (  Tyson,  a/itr  Htnlt). 

intervals  running  outwards  into  the  cortex,  constituting  medullary  rays, 
which  become  smaller  as  they  pass  outwards  in  the  cortical  zone,  so  that  tlKi 
are  conical  and  form  the  pyramids  of  Ferrein  (fig.  398,  PF).  The  portioii 
of  the  cortex  lying  between  the  medullary  rays  is  known  as  the  labyrinth, 
from  the  complicated  arrangement  of  its  tubules] 

[Site,  Weight  of  Kidney.— The  adult  kidney  is  about  1 1  ceatimetres  (4.4  incbcs)  inkH^ 
5  ceniintetres  (z  inches)  wide,  and  3  centimetres  (1  inch)  in  thickness.  It  weighs  in  the  wk 
113.5  to  i70E"ns.  (4  to  6  oi.),  in  tie  female  113.5  ">  'S6  gnns.  (4  to  sX  <«)■  TbewiAliiif 
the  cortex  is  usually  5  to  G  miUimettes  {\  to  }  inch}.] 

I.  The  uriniferous  tubules  all  arise  within  (he  labyrinth  of  the  cortex  bi 
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means  of  a  globular  enlargemcDt,  zoo  to  300  ft  [y^  to  yJt  ii>ch]  in  diameter, 

called  Bovmnan's  capsule  (figs.  398,  299).     After  pureuing  a  complicated 

coune,  altering  their  direction,  diameter,  and  structure,  and  being  joined  by 

other  tubules,  they  ultimately  form  large  collecting  tubes,  which  terminate  by 

minute  apertures,  visible  with  the  aid  of   a  hand-lens,  on   the  apices  of  the 

papillae  projecting  into  the  calices  of 

(he  kidney.     Each  urinary  tubule  is 

composed  of  a  homogeneous  mem- 

brana  propria,  lined  by  a  single 

iayerof  epithelial  cells,  so  as  to  leave     , 

i.  bmen  for  the  passage  of  the  urine 

from  the  Malpighian  corpuscles  to  the    p, 

pelvis  of  the  kidney.     The  diameter 

and  direction  of  the  tubules  vary,  and 

the  epithelium  differs  in  its  characters 

at  different  parts  of  the  tube,  while 

the  lumen  also  undergoes  alterations 

in  its  diameter. 

Course  and  Structure  of  the 
Tubules. — In  the  labyrinth  of  the 
cortex,  tubules  arise  in  the  spherical 
enlargement  known  as  Bowman's 
capsule  (fig.  298,  i),  which  invests 
(in  the  manner  presently  to  be  de- 
scribed) the  tuft  of  capillary  blood- 
vessels called  a  glomerulus  or  Mal- 
pighian corpuscle.  By  means  of 
1  short  and  narrow  neck  (2)  the  cap- 
fflle  becomes  continuous  with  a  con- 
roluted  tubule,  X  in  fig.  299.  This 
:ubule  is  of  considerable  length,  form- 
ng  many  windings  in  the  cortex  (fig. 

(98,  3) ;  the  first  part  of  it  is  45  /*  Lcagiiudin.l  wclion  of  ■  Md[Mghian  pynmid. 
ride,  constituting  the  proximal  or  PK,  pyramids  of  Ferrda;  RA,  branch  of  renal 
int  convoluted  tubule.  It  be-  uteiyi  RV,  lumen  of  a  raul  vein  receiving  an 
:omes  continuous  with  a  spiral  tub-  iniwlobular  Tdn;  VR,  vua  recta ;  PA,  viex 
lie  of  Schachowa  (4),  which  lies  in  "^aTbute"  '  *■  ""brace  .he  bases  of  .he 
■  medullary  ray  where  it  pursues  a 

lightly  wavy  or  spiral  course.  On  the  boundary  line  between  the  cortical  and 
boundary  zone,  the  spiral  tubule  suddenly  becomes  smaller  and  passes  into  the 
lesceoding  portion  of  Henle's  loop  (5),  which  is  14  n  in  breadth,  and  is 
ontinued  downwards  through  the  boundary  zone  into  the  medulla,  where  it 
orms  the  narrow  loop  of  Henle  (6)  which  runs  backwards  in  the  medullary 
lart  to  the  boundary  zone.  Here  it  becomes  wider  (20-16  li),  and  as  it  con- 
inues  its  undulating  course,  it  enters  a  medullary  ray,  where  it  constitutes  the 
[Scending  looped  tube  (7),  which  becomes  narrower  in  the  cortex.  Leav- 
ng  the  medullary  ray  again,  it  passes  into  the  labyrinth,  where  it  forms  a  tube 
'ith  irregular  angular  outlines — the  irregular  tubule  (10),  which  is  continu- 
us  with  (fig.  199,  n,  n)  the  second  or  distal  convoluted  tubule  (rt),  which 
esembles  the  proximal  tubule  of  the  same  name.  Its  diameter  is  40*1.  A  short, 
arrow,  wavy  junctional  or  curved  collecting  tubule  (i  2)  connects  the  latter 
rith  one  of  the  straight  collecting  tubes  (13)  of  a  medullary  ray.  As  the 
ollecting  tubule  proceeds  through  the  boundary  zone,   it  receives  numerous 
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junctional  tubes,  and  when  it  reaches  the  boundary  zone,  it  forms  one  or  Ibc 
collecting  tubes  (fig.  299,  O),  which  unite  with  one  another  at  acute  angle 
to  form  the  larger  straight  excretory  tubes  or  ducts  of  Betlini  (15),  wbich 
open  on  the  summit  of  the  Malpighian  pyramids  into  a  calyx  of  the  pelvis  of 
the  kidney.  In  the  cortex  the  collecting  tubules  are  45  a  in  diaineier,  hot 
where  they  have  fonned  an  excretory  tube  (O),  their  diameter  is  300  to  300  a  ; 
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Diagism  of  the  ct 


Fig.  398. 
le  of  two  uriDiferous  tabnlcB  [/firm  and  Ifoblt-Smilk'). 


34  to  80  of  these  tubes  open  on  the  apex  of  each  of  the  rs  to  15  Malpighiu 
pyramids.  In  the  lowest  and  broadest  part,  the  membrana  propria  is 
strengthened  by  the  presence  of  a  thick  supporting  framework  of  connectiw- 
t  issue. 

Structure  of  the  Tubules.— [Below  the  neck,  the  tubules  are  lined  ererj- 
where  by  a  single  layer  of  nucleated  epithelium.]     Bowtnan's  capsule. 
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which  is  about  j^  inch  in  diameter  (fig.  300,  II),  consists  of  a  homogeneous 
basement  membrane  lined 
internally  by  a  single  con-  ^ 

linuous  layer  of  flattened  , 
cells  (i).  According  to 
Roth,  the  basement  mem- 
brane itself  is  composed  of 
endothelial  cells.  [In  the 
(cetus  the  lining  cells  are 
more  polyhedral.]  Within 
the  capsule  lies  the  glo- 
merulus or  tuft  of  blood- ' 
vesseb.  The  cells  lining 
tlie  capsule  are  reSected 
over  and  between  the  lo- 
bules of  which  the  glo- 
merulus consists.  The  glo- 
mcniliis  may  not  com- 
pletely fill  the  capsule,  so 
that,  according  to  the  ac- 
tivity of  the  kidney,  there 
may  be  a  larger  or  smaller 
space  between  the  glo- 
merulus and  the  capsule 
into  which  the  filtered 
urine  passes.  The  neck 
is  lined  by  cubical  cells. 
These  cells,  in  some  ani- 
mals, e.g.,  the  rabbit, 
sheep,  mouse,  and  frog, 
are  ciliated. 

[Tbe  proximal  con- 
voluted tubule  is  lined 
by  characteristic  epithe- 
lium. The  cells,  which  are 
short  or  polyhedral,  con- 
lain  a  turbid  or  cloudy 
[H'oloplasm  (fig.  300,  III, 
I  and  a),  which  not  un- 
itequently  contains  oil- 
jlobules,  aod  they  form 
1  single  layer.  Each  cell 
:onsisis  of  two  parts ;  the 
nner,  containing  the 

pherical  nucleus,  is  next  ^'S-  »99- 

he  lumen,  and  granular  Blood-vcKdi  and  uriDiferoui  tubules  al  the  kidney  (semi-dia- 
111,  a,  f),  while  the  outer  gramrosiie);  A,  capillaries  o(  the  cortex,  B,  of  the  medulla; 
art,  next  the  mcmbrana  ",  i«e'l"bular  anery;  i.vas  afferew;  i  y«  .fferen.;  r,  «. 
,--,,,-!,  ..^v^..^  fil,-;i  *■"  recla;  i,  veux  rtciie:  v,v,  inlerlotwlat  vemi  S,  ongin 
iropria,  appears  noril.  ^f  ^  vena  si  el  law  ;  .,  1,  Bowman's  capsule  aud  glomerulus; 
ated,     or        rodded,  X.X.convolurediubules;  /,/,  Henle'sloop;  k,  x,  junctioDtl 

roro  the  presence  of  rods      piece ;  0,  o,  colleciing  tubes;  O,  excretory  lube. 
r  fibrils  placed  vertically 

0  tbe  basement-membrane  (fig.  301).  These  appear  like  the  hairs  of  a  brush 
resscd  upon  a  plate  of  glass  (III,  a).     The  cells  are  not  easily  separated  from 
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each  other,  as  neighboring  celts  interlock  by  means  of  the  branched  ridges  on 
Iheir surfaces  (III,  i) — {Heidenkain,  SchaJiewa).  The  lumen  is  well  defined, 
but  its  size  seems  to  depend  upon  the  state  of  imbibition  of  the  cells  bounding  it. 
The  spiral  tubule  has  similar  epithelium  and  a  corresponding  lumeo, 
although  the  epilhelium  becomes  lower  and  somewhat  altered  in  its  characters 
at  the  lower  part  of  the  tube. 

The  descending  limb  of  Henle's  loop,  and  the  loop  itself  with  a  rela- 
tively wide  lumen,  are  bounded  by  clear,  flattened,  epithelial  cells,  with  a  twlg- 
ing  nucleus  {IV,  S)  ;  the  cells  lying  on  one  side  of  the  tube  being  so  placed 
that  the  bulging  part  of  the  bodies  of  the  cells  is  opposite  the  thin  part  of  tht 
cells  on  the  opposite  side  of  the  tube.  [These  tubes  might  be  roistakeo  for 
blood-capillaries,  but  in  addition  to  (heir  squamous  lining,  they  have  a  basement- 
membrane,  which  capil- 
laries have  not.]  In  the 
ascending  limb,  6c 
elatively  wide, 
while  Its  epithelium 
agrees  generally  with  tint 
in  (he  convoluted  tubule, 
excepting  that  the 
"rods"  arc  shorter. 
Sometimes  the  cells  uc 
arranged  in  an  "  imbii- 
cate ' '  manner. 

In  the  irregular  tub- 
ule, which  has  a  kit 
small  lumen,  the  polyhe- 
dral cells  lining  it  con- 
tain oval  nuclei,  and  art 
shorter  than  those  of  ibt 
convoluted  tubules.  Tht 
of   the   capsule;    h,  origin  of   a   con*otut«d    lobule.      Ill,  cells,  again,   are  very  "S- 


side,  wiih  g,  inner  gtanu 

cella  lining  Henle's  looped  tubule.     V,  celll  ot  t  collecting 

lube.     VI,  section  of  an  excretory  lube.  * 


liic 


"rodded"  charic- 

ich  coarser  and 

more  defined  (fig.  303)- 

The  distal  convoluted  tubule  closely  resembles  in  its  structures  the  proxi- 
mal convoluted  tubule,  and  is  lined  by  similar  cells.  The  curvtd  eotUcting,  01 
junctional  tubule,  although  narrow,  has  a  relatively  wide  lumen,  as  ii  i^ 
lined  by  clear,  somewhat  flattened  cells. 

The  collecting  tubes  have  a  distinct  lumen  and  are  lined  by  elear,  soidc- 
what  irregular,  cubical  cells  (fig.  300,  V),  which  in  the  larger  excretory  tube 
are  distinclly  columnar  (VI).  The  basement-membrane  is  said  to  be  absent  in 
the  larger  lubes.  [Klein  describes  a  thin,  delicate,  nucleated  centro-tubnbi 
membrane  lining  the  surface  of  the  epithelium  next  the  lumen.] 

II.  The  Blood- Vessels. — [Considering  the  size  of  the  kidney  it  is  iset 
abundantly  supplied  with  blood.] — The  renal  artery  (fig.  306)  divides  into 
four  or  five  branches,  which  pass  into  the  kidney  at  ihe  hilum.  These  braacbe^, 
surrounded  by  con  nee  five -tissue  continuous  with  that  of  the  capsule,  conliniK 
to  divide,  and  pass  between  the  papillae,  to  reach  the  bases  of  the  pyramids  oe 
the  limits  between  the  cortical  and  boundary  zones  where  they  form  incomplete 
arches.  From  these  horizontal  trunks,  (he  interlobular  or  radiate  arteries 
(fig.  299,  a)  run  vertically  and  singly  into  the  cortex,  between  each  two  mednl 
lary  rays,  and   in   their  course  they  give  ofT  on  all  sides  the  short  nndirided 


Sec.  154.]  THE   BLOOD-VESSELS  OF  THE  KIDNEY.  497 

vas^ afferentia  (i),  each  of  which  enters  a  Malpighian  capsule  at  the  oppo* 
site  pole  from  which  the  urinary  tubule  is  given  off.  Within  the  capsule  each 
alTerent  artery  breaks  up  into  capillaries  arranged  in  lobules  and  supported 
by  connective-tissue,  the  whole  forming  a  tuft  of  capillary  blood-vessels,  or 
a  glomerulus.  Each  glomerulus  is  covered  on  its  surface,  directed  towards 
the  wall  of  the  capsule  by  a.  layer  of  Rat,  nucleated,  epithelial  cells  (fig.  300, 
I/J,  which  also  dip  down  between  the  capillaries.  A  vein,  the  vas  efferens  (2), 
which  is  always  smaller  than  the  afferent  arteriole,  proceeds  from  the  centre  of 
the  glomerulus,  and  leaves  the  capsule  close  to  the  point  ai  which  the  afferent 
vessel  enters  it  (fig,  300,  II).  In  their  structure  and  distribution  all  the  efferent 
vessels  resemble  arteries,  as  they  divide  into  branches  to  form  a  dense,  narrow- 
lueshed,  capillary  netivork  (fig.  399,  A,  and  fig.  300,  II,  c),  which  ramifies 
over  and  between  the  convoluted  tubules.  The  meshes  are  elongated  around 
the  tubules  of  the  medullary  rays,  and  more  polygonal  around  the  convoluted 
tubules  (fig.  199).  Some  of  the  lowest  efferent  vessels  split  up  into  vasa 
recta,  which  run  towards  the  medulla.  The  interlobular  arteries  become 
smaller  as  they  pass  towards  the  surface  of  the  kidney,  and  some  of  their 
terminal  capillaries  communicate  with  the  capillaries  of  the  external  capsule 
itself.  Venous  trunks  proceed  from  the  capillary  network,  to  terminate  in  the 
interlobular  veins  (Y),  which  begin  close  under  the  capsule  by  venous 
radicles  arranged  in  a  stellate  manner  (constituting  the  slellul^  Verheynii,  or 


Fig.  301.  Fig.  30a. 

Convoluted  lubole  (after  aminoniuin  chromalc)  Epithelium  of  ui  irregular  tubale  of 

showing  "  lodded  "  epithelium.  the  kidney  of  ■  di^. 

venae  stellatse),  and  accompanying  the  corresponding  artery  to  the  limit 
>etween  the  cortex  and  boundary  zone,  where  they  communicate  with  the  large 
/enous  trunks  in  that  situation.  [The  subcapsular  layer  of  the  cortex,  and  a 
bin  layer  next  the  boundary  zone  (fig.  298,  a,  a),  are  devoid  of  Malpighian 
xirposcles]. 

The  blood-vessels  of  the  medulla  arise  from  the  vasa  recta  (fig.  399,  r), 
fhich  begin  on  the  limit  of  the  cortex  and  medulla,  either  as  single,  direct, 
Duscular  branches  (r)  of  the  large  arterial  trunks,  or  from  those  efferent  ves- 
els  (^)  which  lie  next  to  (he  medulla.  The  latter  are  said  to  be  devoid  of 
Quscle.  According  to  Huschke,  a  few  vasa  recta  are  formed  by  the  union  of 
he  capillaries  of  the  medullary  rays.  All  the  vasa  recta  enter  the  boundary 
Iyer,  where  they  split  up  into  a  leash  or  pencil  of  small  arterioles,  which  pass 
■etween  the  straight  tubules  towards  the  pelvis,  and  form  in  their  course  a 
apillary  network  with  elongated  meshes.  From  these  capillaries  there  arise 
enous  radicles,  which,  as  they  proceed  towards  the  limit  between  the  cortex 
nd  medulla,  form  the  vcntc  rcctsc  {c),  and  open  into  the  concave  side  of  the 
enous  trunks  in  this  region.  At  the  apex  of  the  papillee,  the  capillaries  of  the 
leduUa  form  connections  with  the  rosette-like  capillaries  surrounding  the 
Kcretory  ducts  (at  I). 

[The  circulation  through  the  vasa  recta  is  most  important.  The  cortical 
/stem  of  blood-vessels  communicates  with  the  medullary,  but  as  most  of  the 
asa  recta  are  derived  from  the  same  vessel  as  the  interlobular  arteries,  it  is 
3' 
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evident  (hat  they  may  form  a  side  stream  through  which  much  of  the  blood 
may  pass  without  traversing  the  vessels  of  the  corteic.  Very  probably  the 
"short-cut"  is  useful  in  congestions  of  the  kidney.  The  amount  of  distentioD 
of  these  vessels  also  will  influence  the  size  of  the  tubules  lying  between  them. 
There  are  two  other  channels  by  which  blood  can  pass  through  the  renal  arteries 
without  traversing  the  glomeruli — (i)  The  anastomoses  between  the  tenniiui 
twigs  of  the  renal  artery  and  the  subcapsular  venous  plexus ;  (2)  small  branclKs 
given  off,  either  by  the  interlobular  arteries  or  by  the  afferent  vessels  before 
entering  the  glomeruli  {Brunion).'] 

The  blood-vessels  of  the  external  capsule  are  derived  partly  from  the 
terminal  twigs  of  the  interlobular  arteries,  partly  from  branches  of  the  supra- 
renal, phrenic,  and  lumbar  arteries,  which  anastomose  with  each  other.  "Rit 
capillary  network  has  simple  meshes.  The  venous  radicles  pass  partly  into  the 
vense  stellatte,  and  partly  into  the  veins  of  the  same  name  as  the  arteries.  The' 
connection  of  the  area  of  the  renal  artery  with  the  other  arteries  of  the  capsnle 
explains  why,  after  ligature  of  the  renal  artery  within  the  kidney,  the  blood 
still  circulates  in  the  external  capsule  (C  Ludwig,  M.  Herrman)  ;  in  fact,  ibrat 
blood-vesseb  still  supply  the  kidney  with  a  small  amount  of  blood,  which  nut 
suiSce  to  permit  a  slight  secretion  of  urine  to  take  place  {Litten,  /"autynski). 

III.  The  lymphatics  form  a  wide-meshed  plexus  in  the  capsule  of  the 
kidney,  while  under  it  they  form  large  spaces  {Heidetthain).  In  the  parench}T[U 
of  the  kidney,  the  lymphatics  are  said  to  be  represented  by  large  slits  devoid 
of  a  wall  in  the  tissues,  and  are  more  numerous  around  (he  convoluted  than  the 
straight  tubules.  The  slits  pass  to  the  surface  of  the  kidney,  and  expand 
under  the  capsule.  When  the  lymphatics  are  greatly  distended,  (hey  tend  to 
compress  the  uriniferous  tubules  and  the  blood  vessels  ( C.  Ludwig  and  Zawary- 
J,  kin).     According  to  Ryo- 

dowsky,  the  uriniferocci 
tubules  are  surrounded  bi 
(rue  lymphatics  with  as 
endothelial  lining,  and 
they  even  penetrate  into 
the  capsule  of  Bowmao 
along  with  the  vas  aSei- 
ens.  [The  large  blood- 
vessels are  also  surTOimded 
by  lymphatics,]  Large 
lymphatics,  provided  witt) 
valves,  pass  out  of  the  kid- 
neys at  (he  hiluin,  while 
others  emerge  through  (he 
capsule;  bo(hsets  are  con- 
nected with  the  lymph- 
spaces  of  the  cap^c  of 
the  kidney  (A.  Budgt). 
•»■  «  ■"'"••  IV.  The  nerves  font 

''8-  ^°i-  small  trunks  provided  with 

Transversewclionof.pexy  M>lpighi.Dp)™mid      fl  Urge    ganglia,   and  accompanv 
Sbril.  ''  '■   '■  ti'^  blood-vessels.     [Thei 

are  derived  from  the  rens. 
plexus  and  the  lesser  splanchnic  nerve.]  The  nerves  forming  the  renal  plexus 
are  derived  chiefly  from  (he  solar  plexus.  As  (he  right  vagus  and  great  and 
lesser  splanchnics  join  the  solar  plexus,  it  is  probable  (hat  branches  of  these 
nerves  enter  the  kidney  by  way  of  the  renal  plexus.     The  splanchnics,  how 
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ever,  send  branches  direct  to  the  renal  plexus,  and  the  left  vagus  sends  some 
fibres  to  the  left  kidney.  In  the  dog  the  nth,  nth,  and  13th  dor^l  spinal 
nerves,  and  perhaps  some  of  the  upper  lumbar  nerves,  send  branches  into  the 
kidney  vid  the  renal  plexus  (§  276).  They  contain  medullated  and  non-medul- 
lated  fibres,  and  the  latter  have  been  traced  by  W.  Krause  as  far  as  the  apices 
of  the  papilla;.  Their  mode  of  termination  is  unknown.  Physiohgically,  we 
are  certain  that  they  contain  both  vaso-comtriclor,  vaso-dilator,  and  semory 
fibres ;  perhaps  there  may  be  also  secretory  fibres  [although  we  have  no  evidence 
of  the  termination  of  nerve-fibres  in  the  epithelium  of  the  tubules]. 

V.  The  connective-tissue,  or  interlobular  stroma,  forms  in  the  papillae, 
especially  at  their  apices,  fibrous,  concentric  layers  of  considerable  thickness 
between  the  excretory  tubules  (fig.  303).  Further  outwards,  the  fibrillar  char- 
acter becomes  less  distinct,  while  at  the  same  time  branched  connective- tissue 
corpuscles  occur  in  greater  numbers.  In  the  cortex,  the  interstitial  stroma 
consists  almost  entirely  of  branched  corpuscles,  which  anastomose  with  each 
other.     [There  is  also  a  small  quantity 

of  delicate  fibrous  tissue  around  Bow- 
man's capsule,  and  along  the  course 
of  the  arteries.  The  connective-tissue 
often  plays  an  important  r61e  in  patho- 
logical conditions  of  the  kidney,  as  in- 
terstitial nephritis.]  The  outer  layers 
of  the  capsule  of  the  kidney  are  com- 
posed of  dense  bundles  of  fibrous  tissue, 
while  the  deeper  layers  are  more  loose,  ^ 

and  send  processes  into  the  cortical 
layers.     The  capsule  is  easily  stripped  Fig 

off.  None  of  the  secretpry  substance 
is  removed  with  it.  The  fat  surround- 
ing the  kidney  is  united  to  the  latter 
partly  by  blood-vessels  and  partly  by 
bands  of  connective- tissue. 

VI.  Smooth  Muscle  is  present  (l)  as  a 
qjhJDCter-Uke  layer  round  the  apei  of  eacb 
paipilU  (Hrnlt);  (z)  aa  a  wide-meabed  tbin 
pleins  on  the  inrfiice  of  the  kidney,  just  under 
the  capsule;  (3)  as  (me  Rtvei  derived  from  the 
pelTts  of  the  kidney  and  which  pass  along  with 
the  blood -vessels  into  the  pyramids  {Jardel). 
(4)  Kostjurin  found  in  the  d(^  in  the  boundary 
ujne  between  the  corlei  and  medulla  a  layer  of 
muscle  which  sends  prDlongalions  into  both  zones. 

rpevelopment  of  a  Malpigfaian  Capsule. 
— -The  upper  end  of  the  urinary  tubule  is  dilated 
and  closed,  and  into  it  there  grows  a  tuft  of 
blood-vessels  (a)  pushing  one  layer  of  Che  lube 
(d)  before  it,  hence  the  capillaries  become  in- 
vested by  it,  juit  as  an  oi^n  is  suirounded  by  a 
scTons  aac,  so  that  one  layer— the  reflected  one 
(  J) — of  the  tubule  is  closely  applied  to  the  blood- 
vessels, while  the  other  (c)  lies  loosely  o-—  ■' 
with  a  space  between  the  two  (tig.  304).] 

355.  THE  URINE.— Physical 
Characters. — A  knowledge  of  the  com-       „,cuaijriii 
position  of  this  secretion  is  of  the  great-    Fig."^.'!!!.urinom'rt'e"?' 
est  value  to  the  physician  and  surgeon. 

I.  The  quantity  of  urine  passed  by  an  adult  man  in  twenty- four  hours  is 
t>etween  1000  and  1500  cubic  centimetres,  or  about  50  oz.,  and  in  the  female 


Fig.  305.  Rg.  306. 

Fig.  304. — Development  of  a  glomerulus  and 
Malpighian  capsule,  a,  capillary;  i,  vis- 
ceral, (,  parietal  layer  of  capsule. 

Fig.  305. — Gradoated  cylinder  and  flask  for 
asuringlheai  '     '      ' 


500  PHYSICAL   CHARACTERS   OF  URINE.  [ScC.  255. 

900  to  1200  CO.    The  minimum  is  secreted  between  2  to  4  a.m.,  and  the  maxi- 
mum between  2  to  4  p.m.  {Weigeiin). 

The  amount  is  diminished  by  profuse  sweating,  diarrhoea,  thirst,  non-nitrogenous  Coed. 
diminution  of  the  general  blood-pressure,  after  severe  hemorrhage,  and  in  some  diseases  of  the 
kidneys.  The  minimum,  which  may  be  normal,  is  400  to  500  c.c.  It  is  increased  by  inocast 
of  the  general  blood-pressure,  or  of  the  pressure  within  the  area  of  the  renal  artery,  by  copkw 
drinking,  contraction  of  the  cutaneous  vessels  through  the  action  of  cold,  the  passage  of  alargt 
amount  of  soluble  substances  (urea,  salts,  and  sugar^  into  the  urine,  a  large  amount  of  nitio* 
genous  food,  as  well  as  by  various  drugs,  such  as  digitalis,  alcohol,  squills.  After  taking  finkii 
charged  with  CO,,  the  amount  of  urine  is  increased  during  the  following  hours  {Quincke). 

The  secretion  is  influenced  directly  by  the  nervous  system,  as  in  the  sudden  poljnma  ii:^- 
lowing  nervous  excitement,  such  as  hysteria  [when  the  person  usually  passes  a  large  amooot  of 
very  pale-colored  urine]  ;  after  an  epileptic  attack,  and  also  after  pleasurable  excitement  [Beiuiu\. 
We  may  have  polyuria  unaccompanied  by  the  presence  of  sugar  in  the  urine,  which  foOov^ 
injury  to  a  certam  part  of  the  floor  of  the  fourth  ventricle  ( CI.  Bernard).  The  urine  is  measured 
in  tall  graduated  cylindrical  vessels  (fig.  305).  [In  estimating  the  quantity  of  urine  passed,  ibe 
patient  must,  of  course,  be  directed  always  to  empty  his  bladder  at  a  (>articular  boor,  and  collea 
the  urine  passed  during  the  next  twenty-four  hours.] 

[Comparative. — In  man  60  per  cent,  of  the  water  eliminated  from  the  body  is  given  06^  br 
the  kidneys  and  40  by  the  lungs  and  skin.  In  herbivora  30  per  cent,  of  the  water  is  diminat^ 
by  the  kidneys  and  70  by  the  lungs  and  skin,  while  in  carnivora  the  proportions  are  70  by  ibe 
urine  and  30  by  the  lungs  and  skin  (Afunk).^ 

2.  The  specific  gravity  varies,  as  a  mean,  between  1015  and  1025;  the 
minimum,  after  copious  draughts  of  water,  may  be  1002;  while  the  maximmn, 
after  profuse  perspiration  and  great  thirst,  may  be  1040.  The  mean  spcdfic 
gravity  is  about  1020.  In  newly-born  children,  th%  specific  gravity  falkvcry 
considerably  during  the  first  three  days,  which  is  due  to  the  amount  of  food 
taken  (^Martin  and  Ruge),  [The  specific  gravity  of  the  urine  in  infants  b 
about  1003  to  1006.]  A  healthy  adult  excretes  about  70  grms.  [2^4  oz.]  daily 
of  solids  by  the  urine,  or  about  i  grm.  of  solids  per  i  kilo,  of  body  weight. 

The  specific  gravity  is  estimated  by  means  of  a  urinometer  (fig.  306),  the  urine  being  ai 
the  temperature  of  16°  C.  [The  urinometer,  when  placed  in  distilled  water,  ooght  to  float  s 
the  mark  o*'  or  zero,  which  is  conventionally  spoken  of  as  1000.  Place  the  urine  10  be  tested  ic 
a  tall  cylindrical  glass,  of  such  width  that  .the  urinometer,  when  placed  in  it,  may  float  freely 
and  not  touch  the  sides.  Take  care  that  no  air-bubbles  adhere  to  the  instrument.  When  read- 
ing off  the  mark  on  the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on  a  level  witb  tbe 
surface  of  the  water,  noting  the  number  which  corresponds  to  this.  This  rule  is  adopted, becase 
the  water  rises  on  the  stem  in  virtue  of  capillarity.  It  is  essential  that  a  sample  of  the  mixed 
urine  of  the  twenty- four  hours  be  used  for  ascertaining  the  mean  sjxciBc  gravity.] 

Christison's  Fonnula. — To  estimate  the  amount  of  solids  in  the  urine.  This  may  be  dooe 
approximately  by  means  of  the  formula  of  Trap^  or  Haeser,  or,  as  it  is  called  in  this  coBOtrr. 
**  Christison's  Formula,'*  viz.,  <*  Multiply  the  two  last  figures  of  a  specific  gravity  expressed  ic 
four  figures  by  2.33  "  {Christison  and  Haeser) y  or  by  2  ( Trapp),  or  2.2  {Loebisck\.  This  give 
the  amount  of  solids  in  every  looo  parts.  [Suppose  a  person  passes  1200  c.c.  unne  in  tvccry- 
four  hours,  and  the  specific  gravity  is  1022,  then — 

22  X  2.33  =  51.26  grms.  in  1000  c.c. 

To  siscertain  the  amount  in  1200  c.c. — 

-      51.26  X  1200   ^ 

1000  :  1200  :  :  51.26  :  x  =  ~ =  61.51  enns.! 

^  1000  ^    ^        ■• 

Direct  Estimation  of  Solids. — Place  15  c.c.  of  urine  in  a  capsule  of  known  weight,  asd 
evaporate  it  to  dryness  over  a  water-bath ;  afterwards  completely  dry  the  residue  in  an  air4i£i 
at  100°  C,  and  then  cool  it  over  concentrated  sulphuric  acid.  During  the  process,  a  szaaT 
amount  of  urea  is  decomposed,  so  that  the  value  obtained  is  slightly  too  small.  Of  coone  (be 
specific  gravity  varies  with  the  amount  of  water  in  the  urine.  The  most  concentretted  (higba 
specific  gravity)  urine  is  the  morning  urine  (Urina  noctis),  especially  after  being  retained  id  tbe 
bladder,  e.g.^  in  prolonged  sleep  a  certain  amount  of  water  is  absorbed,  so  that  the  nrine  beroae^ 
more  concentrated.  The  most  dilute  urine  is  secreted  after  copious  drinking  (Urina  potos'- 
Under  pathological  conditions,  as  in  diabetes  mellitus  ({  175),  the  urine  is,  at  the  same  tise. 
very  copious  (as  much  as  10,000  c.c),  and  very  concentrated,  so  that  the  specific  g;ravity  vanet 
from  1030  to  1060  [due  to  the  presence  of  a  large  amount  of  grape-sugar].  In  fever  the  orise 
is  concentrated  and  small  in  amount.  In  polyuria,  due  to  certain  nervous  conditions,  the  uroe 
is  very  dilute  and  copious,  while  the  specific  gravity  may  be  as  low  as  looi. 
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3.  The  color  of  the  urine  depends  on  the  coloring-matters  present  in  it,  and 
varies  greatly,  but  the  differences  in  color  are  due  chiefly  to  variations  in  the 
amount  of  water.  Normally  it  has  a  pale  straw  color,  but  if  it  contains  more 
water  than  usual  it  has  a  very  pale  tint,  and  in  certain  cases  (as  in  the  sudden 
polyuria  occurring  after  an  attack  of  hysteria)  it  may  be  as  clear  as  water.  Con- 
centrated urine,  as  after  meals,  or  the  first  urine  passed  in  the  morning,  has  a 
darker  color;  it  is  a  dark  yellow  or  brownish- red ;  while  it  is  usually  dark 
colored  in  fever. 

Foetal  urine,  and  also  the  urine  first  passed  after  birth,  are  as  clear  and  colorless  as  water. 
The  admixture  of  various  substances  with  the  urine  alters  its  color.  When  mixed  with  blood 
according  to  the  degree  of  decomposition  of  the  haemoglobin,  the  urine  is  red  or  dark  brownish 
red  [more  frequently  it  is  smofy"],  especially  if  the  blood  comes  from  the  kidneys  and  the  urine 
is  acid.  When  mixed  with  bile  pigments,  it  is  of  a  deep  yellowish-brown,  with  an  intense 
fellow  froth ;  senna  taken  internally  makes  it  intensely  red,  rhubarb  brownish-yellow,  and  car- 
bolic add  black.  Urine  undergoing  the  ammoniacal  fermentation  may  present  a  dirty  bluish 
appearance  owing  to  the  formation  of  indigo.  The  color  of  urine  is  estimated  by  Neubauer  and 
V'ogel  by  means  of  an  empirical  **  color-scale.'* 

Urine,  but  especially  ammoniacal  urine,  exhibits  fluorescence,  which  disappears  on  the 
addition  of  an  acid,  and  reappears  after  the  addition  of  an  alkali. 

Normal  urine,  after  standing  for  several  hours,  deposits  a  fine  cloud  of  vesical  mubus  [like 
delicate  cotton  wool].  The  froth  of  normal  urine  is  white,  and  disappears  pretty  rapidly,  while 
that  on  an  albuminous  urine  persists  much  longer.  The  urine  not  unfrequently  contains  some 
epithelial  cells  from  the  bladder  and  urethra. 

[Of  the  total  solids  (=  65  grams)  urea  =  about  32  grams,  chlorides  =  15 
grams,  phosphoric  acid  =2.5  grams  =49.5  grams;  the  remainder  consists  of 
other  substances,  so  that  ^  are  organic  and  yi  inorganic] 

[The  following  table  gives  approximately  the  average  quantities  in  grams  of 
the  chief  substances  excreted  in  the  urine  by  a  healthy  adult  in  24  hours. 

Total  Amount  Percentage 

in  Grams.  in  Grams. 

'Sodic  chloride,       15-20  i  -  1.25 

Phosphoric  acid,    2.5-3  '^^ 

Sulphuric  acid,      2-2.5  ''5 

-5  Sodium,  ...        5-7  .4 

Magnesium,     .       .4  .03 

Potassium,  .   .  3  -  4  -25 

Calcium,     .    .       .3  .02] 


Tout  Amount 
in  Grams. 

iValer, 1440-  1500 

k)Kds 57-68 


Urea, 
Uric  acid, 
)rgantc-j  Hippuric 
acid, 
Kreatinin, 


I 


28-32 
.7 
.3-2 

1.7-  2.1 


Percentage 
in  Grams. 

96 

4 

2.5-3 

.05    Inorganic 

.015-. I  ; 

.1 


[Amounts  of  thb  Sbvbral  Urinary 

CONSTITURNTt  {Lotbisck). 


[Amounts  op  thb  Sbvbral  Urinart 
CoNsrrruBNTS  Passed  in  24  Hours  {Parkes). 


OaiWTrruBNTS. 


Man,  38  years  of  age, 
i  weight,  7a  Kilos., observa- 
tions over  8  days  {Kermer). 

In  24  hours.  , 


Mean  of 
analyses  in 

different 
individuals 


Min.    '   Max.    I  Mean.  |  In  24  houis. 


Constituents. 


By  an  aver- 
age man   of 
66  Icilos. 


Pen 
kilo,  of 

bodv- 
weignt. 


c.c. 

Quantity, 1099 

Specific  gravity,  .    .  '  X015 

Solids, 

Urea, 32.00 

LTric  acid, 0.69 

Sodium  chloride,  .   .  15.00 

PhoApboric  acid,  .   .  3.00 

kilphoric  acid.    .   .  2.26 
Phosphorus,        Cal«  ! 

dum, 0.25 

f  agoesiuin  ph'sph'te  o.6^ 
'oul    quantity   of) 
earthy  phosphates  )  .         9» 

Immonia, 0.74 

■'rec  acid, 1.74 


c.c. 
2150 
1027 


43-4 
»-37 

19.30 
4.07 
2.84 

0.5X 
1.39 

1.80 

x.oi 
3.30 


c.c. 

I49I 

I02X 


38.1 

0.94 
16.5 

3-42 
2.48 

0.38 
0.97 

J-35 
0.83 
«-95 


c  c. 
1500 

I030 

1440 

60 

35 
0.75 
16.5 

3.5 
3.0 


1.3 

o  65 
3      ] 


I  grms. 

Water, 1500.000 

Total  solids,  .   .    .   .  '  73.ocx> 

Urea, 33180 

Uric  acid, .   .  0.555 

Hippuric  acid, .   .    .  <  0.400 

Kreatinin, |  0.910 

Pigment  and  other 

substances,    ...  xo.300 

Sulphuric  acid,    .   .  3.013 

Phosphoric  acid,  .    .  3.164 

Chlorine, j  7.000(8.12) 

Ammonia,  ....      :  0.770 

Potassium,     ....  2.300 

Sodium, XI. 090 

Calcium,     .  .  0.260 

Magnesium,  ....  0.207 


I    grm^. 
133.000 
i  1.100 
i  0.500 
I  0.0084 
0.0060 
0.0140 

0^1510 

0.0305 
0.0486 
0.1360 
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4.  Consistence. — Normal  urine,  like  water,  is  a  freely  mobile  fluid.  [The 
temperature  is  about  39°  C] 

Large  quantities  of  sugar,  albumin »  or  mucus  make  it  less  mobile ;  while  the  so-<:mlled  dijloos 
urine  of  warm  climates  may  be  like  a  white  jelly. 

5.  The  taste  is  a  saline  bitter,  the  odor  is  characteristic  and  aromatic. 

Ammoniacal  urine  has  the  odor  of  ammonia.  Turpentine  taken  internally  gives  rise  to  tk 
odor  of  violets,  copaiba  and  cubebs  a  strongly  aromatic,  and  asparagus  an  unpleasant  odor. 
Valerian,  assafoetida,  smd  castoreum  [but  not  camphor]  also  produce  a  characterisdc  odor. 
[The  odor  of  diabetic  urine  is  described  as  "sweet."] 

6.  The  reaction  of  normal  urine  is  acid,  owing  to  the  presence  of  acid 
salts,  chiefly  acid  sodic  phosphate,  [NaHjPOJ  which  seems  to  be  derived 
from  basic  sodic  phosphate,  owing  to  the  uric  acid,  hippuric  acid,  sulphnric 
acid,  and  CO,  taking  to  themselves  part  of  the  soda,  so  that  the  phosphoric 
acid  forms  an  acid  salt.  After  a  diet  of  flesh,  acid  potassic  phosphate  b  t}» 
cause  of  the  acidity.  That  the  urine  contains  no  free  acid  is  proved  by  the 
fact  that  it  gives  no  precipitate  with  sodic  hyposulphite  (v,  Voi/,  Hujjxriu 
[The  uric  acid  exists  as  urates,  the  hippuric  acid  also  is  not  free,  but  exists  as 
an  alkaline  hippurate.  Brilcke  has  proved  this  by  congo-red,  which  gives  a 
violet  or  inky  color  with  one  part  of  free  hippuric  acid  in  55,000  of  water,  but 
urine  gives  no  change  of  color.] 

The  acid  reaction  is  increased  after  the  use  of  acids,  e.g.^  hydrochloric  and  phosphoric,  abo 
by  ammoniacal  salts,  which  are  changed  within  the  body  into  nitric  acid ;  lastly,  after  prokinied 
muscular  exertion.  The  morning  urine  is  strongly  acid.  [Sometimes  under  pothc^ogical  cd«&- 
tions  free  fatty  acids  appear  in  the  urine  (lipaciduria).] 

The  urine  becomes  less  acid  or  alkaline — (i)  By  the  use  of  caustic  alkalies,  alkafiae  car- 
bonates, or  alkaline  salts  of  the  vegetable  acids,  the  last  being  oxidized  witbifi  tbe  body  iato 
carbonates.  (2)  By  the  presence  of  calcic  or  magnesia  carbonate.  (3)  By  admixture  vith 
alkaline  blood,  or  pus.  (4)  By  removing  the  gastric  juice  through  a  gastric  fistula  (p.  301— 
Maly) ;  further,  from  one  to  three  hours  after  a  meal.  [The  reaction  of  urioe  passed  durias 
digestion  may  be  neutral,  or  even  alkaline.  This  is  due  either  to  the  formation  of  aod  m  tbe 
stomach  {Bence  Jones\  or  to  a  fixed  alkali  derived  from  the  basic  alkaline  phosphates  taker, 
with  the  food  ( JV.  Rooerts).'\  (5)  The  urine  is  rarely  alkaline  in  anaemia,  owing  to  a  defideBcy 
of  phosphoric  and  sulphunc  acids.  [(6)  The  nature  of  the  food — ^vegetable  food  makes  s 
alkaline.  (7)  By  profuse  sweating.  (8)  By  absorption  of  alkaline  transudatioos  (hfeod. 
serum).] 

[Metnod. — The  reaction  of  urine  b  tested  by  means  of  litmus  pi^r.  Nonnal  nrioe  tons 
blue  litmus  paper  red,  and  does  not  affect  red  litmus.  An  alkaline  urine  makes  red  litmus  paf<r 
blue,  while  a  neutral  urine  does  not  alter  either  blue  or  red  litmus  paper.]  Sometimes  *nM  lit 
mus  paper  is  used,  which  becomes  red  in  acid,  and  blue  in  alkaline  urine. 

[Estimation  of  the  Acidity. — This  is  done  by  determining  the  amount  of  caustic  soda  nece^ 
sary  to  produce  a  neutral  reaction  in  100  c.c.  of  urine.  A  soda  solution,  containing  0.0031  gna.  of 
soda  in  each  c.c,  is  used;  I  c.c.  of  this  solution  exactly  neutralizes  0.0063  S^n.  oxalic  acid 
To  the  100  c.c.  of  urine  in  a  beaker,  soda  solution  is  added,  drop  by  drop,  from  a  gradasic^i 
burette  (fig.  307),  until  violet  litmus  paper  becomes  neither  red  nor  blue.  The  namber  of  c.c 
of  soda  solution  is  now  read  off  on  the  burette,  and  as  each  c.c.  corresponds  to  0*0063  fro. 
oxalic  acid,  we  can  easily  calculate  the  amount  of  oxalic  acid  which  is  equivalent  to  the  d^ree 
of  acidity  in  100  c.c.  of  urine.  So  that  the  degree  of  acidity  of  the  urine  is  expresMd  by  ^ 
equivalent  amount  of  oxalic  acid,  which  is  completely  neutralized  by  the  same  amoant  of  caosti: 
soda.] 

[Urine  of  Mammals. — The  urine  of  camivora  is  pale,  passing  into  a  golden.yellow ;  ib 
specific  gravity  is  high,  and  its  reaction  strongly  acid.  The  urine  of  herbivora  is  alkaline:  s 
shows  a  precipitate  of  earthy  carbonates  (hence,  it  effervesces  on  the  addition  of  an  acid),  ao: 
of  basic  earthy  phosphates.  During  hunger,  the  urine  presents  the  character  of  that  of  ot- 
nivora,  as  the  animal  in  this  case  practically  lives  upon  its  own  flesh  and  tissues.] 

256.  I.  THE  ORGANIC  CONSTITUENTS  OF  URINE.— Urea, 

COCNHaX,  the  diamid  of  CO,,  or  carbamid,  is  the  chief  end-product  of  tHc 
oxidation  of  the  nitrogenous  constituents  of  the  body  (p.  430).  Its  composi- 
tion is  comparatively  simple ;    i  carbonic  acid  -f-  2  ammonia  —  i  water.    It 
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crystallizes  in  silky  four-sided  prisms  with  oblique  ends  (rhombic  system), 
without  water  of  crystallization  ffig.  308,  i) ;  if  it  crystallizes  rapidly  it  forms 
delicate  white  needles.  It  has  no  action  on  litmus,  is  odorless,  and  has  a  weak, 
bitter,  cooling  taste,  like  saltpetre;  is  readily  soluble  in  water  and  alcohol,  but 
insoluble  in  ether.  It  is  an  isomer  of  ammonium  cyanate,  from  which  it  may 
be  prepared  by  evaporation,  whereby  the  atoms  rearrange  themselves  (  fVohier, 
1818).     It  can  be  prepared  artificially  in  many  other  ways. 

Dccompoiition  of  Urea. — When  heated  above  itaP,  it  gives  off  ammonia  vapor,  while  a 
glaaj  mass  of  biuret  and  cjaaic  Bcid  ii  lefl.  Wheti  arine  nndergoci  the  alkaline  feimeitlaliOD 
{\  i6j),  at  when  urea  ia  treated  with  Hrong  mineral  acidi,  or  boiled  with  the  hjrdrates  of  the 
ilkilits,  or  superheated  with  water  [240°  C],  it  takes  up  two  molecules  of  water  and  produces 
unmooium  carbonate,  thus — 

CO(NH,),  +  2H,0  ^  (NH.),CO.. 

When  brought  into  relation  with  nilTouB  acid,  it  splits  up  into  water,  CO,,  and  N.     The  last 

two  decompotltioTU  are  made  the  bases  of  methods  for  the  quantitative  estimation  of  urea  (j  257), 

[Biuret.— When  urea  is  heated  to  150°- 
170°  C.  it  melts,  givet  off  ammonia,  and  the 
substance  which  remains  is  biuret 

2CON,H^  —  NH,  =  CLO.N.Hj 


Quantity. — In  normal  urine,  urea 
occurs  to  the  extent  of  a.  5  to  3.1  per 
ceot.  An  adult  man  excretes  daily 
from  30  to  40  grms.  [500  grains,  or 
a  little  over  1  oz.]  ;  women  less,  chil- 
dren relatively  more  [at  3-6  years,  i 
giain ;  8— 11,  .8  gram;  and  13-16, 
.4-.6  gram  per  kilo,  of  body-weight]  ; 
owing  to  the  relatively  greater  meta- 
bolism in  children,  the  unit  weight  of 
body  produces  more  urea  than  the 
unit  weight  of  an  adult,  in  the  propor- 
tion of  1.7  :  I.  If  the  metabolism  of 
the  body  is  in  a  condition  of  equilib- 
rium (§  336),  the  urea  excret«d  con- 
tains almost  as  much  N  as  is  taken 
in  with  the  nitrogenous  constituents 
of  the  food  (p.  450). 

Variations  in  the  Quantity. — 
The  amount  of  urea  increases  when 
the  amount  of  proteids  in  the  food  is 
increased ;  and  also  when  there  is  a 
more  rapid  breaking  up  of  the  niiro- 
genotis  tissues  of  the  l»dy  itself.  As 
this  breaking  up  is  increased  by  di- 
minution of  O,  and  by  loss  of  blood, 
so  these  conditions,  also  increase  the 
urea  (§  41).     It  is  also  increased  by 

drinking  large  draughts  of  water,  by  Fig.  307. 

various   salts,  by  frequent  urination.  Graduated  burette, 

and  by  exposure  to  compressed  air. 
In  diabetic  persons,  who  eat  very  large  quantities  of  food,  it  may  exceed  i 
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grms.  [over  3  oz.]  per  day  ;  during  hunger  it  sinks  to  6.1  grms.  [90  grains]  per 
day.  During  inanition,  the  maximum  amount  is  excreted  towards  mid-day, 
and  the  minimum  in  the  morning.  The  daily  amount  of  urea  varies  with  the 
quantity  of  urine  ;  three  to  four  hours  after  a  meal,  the  formation  of  urea  is  at 
a  maximum,  when  it  sinks  and  reaches  its  minimum  during  the  night.  Mus- 
cular exercise,  as  a  rule,  does  not  increase  it  (v.  Votf,  Fick  and  Wisticeim), 
although  PflUger  states  that  greatly  increased  muscular  activity  increases  the 
urea,  and  in  the  same  proportion  the  total  N  excreted  by  the  urine  (§  295). 

Pathological. — In  acute  febrile  inflammations,  and  in  fevers  generally  (J  220, 3),  (be 
urea  increases  until  the  crisis  is  reached,  and  afterwards  it  diminishes.  After  the  fever  bis 
passed  oflf,  the  amount  excreted  is  often  under  the  normal.  In  some  cases  of  high  fever,  al- 
though the  amount  of  urea  formed  is  increased,  it  may  not  be  excreted ;  there  is  a  reUndtm  9J 
the  urta^  which,  later  on,  may  lead  to  an  increased  excretion  {^Naunyn).  In  chronic  duasts, 
the  amount  depends  largely  upon  the  state  of  the  nutrition,  the  metabolism,  and  also  apoD  tbe 
degree  of  fever  present.  Degeneratire  changes  in  the  liver,  e.  g.y  due  to  poisoning  with  pbos- 
phorus,  may  be  accompanied  by  diminished  excretion  of  urea  and  increased  excretion  of  am- 
monia (Siadeimann).  It  is  increased  in  man  by  morphia,  narcotin,  narcein,  papaverin,  coddo, 
thebain  {Fubint),  arsenic  (^Gdthgens)^  compounds  of  antinoony,  and  small  doses  of  phospboras 
(Bauer),  which  favor  the  decomposition  of  proteids,  and  by  substances  which  increase  the  bile 
formation  in  the  liver  {N,  Pa/Ion).     Quinine,  which  **  spares  "  the  proteids,  diminishes  it 
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Fig.  308. 

I,  2,  Prisms  of  pure  urea;  3,  rhomboidal  plates;  4,  hexagonal  tablets;  5,  6,  irregular  scales 

and  plates  of  urea  nitrate. 

Occurrence. — Urea  occurs  in  the  blood  (i :  10,000)  lymph,  chyle,  (2  :  1000),  liver,  lympfe- 
glands,  spleen,  lungs,  brain,  eye,  bile,  saliva,  amniotic  fluid,  and  pathologically  in  sweat,  e^g-M 
cholera,  in  the  vomit  and  sweat  of  ursemic  patients,  and  in  dropsical  fluids. 

Formation  of  Urea. — It  is  certain  that  it  is  the  chief  end-product  of  the 
metabolism  of  the  proteids.  Less  oxidized  products  are  uric  acid,  guanin, 
xanthin,  hypoxanthin,  alloxan,  allantoin  [but  it  does  not  follow  that  these  arc 
precursors  of  urea].  Uric  acid  administered  internally  apF>ears  in  the  urioe 
as  urea ;  alloxan  and  hypoxanthin  can  be  directly  changed  into  urea.  The 
urea  excretion  is  increased  by  the  administration  of  leucin,  glycin,  aspartk 
acid,  or  ammonia  salts  {Schulzen,  Nencki),  As  yet  it  has  not  been  definitely 
determined  where  urea  is  formed,  but  the  liver,  and,  perhaps,  the  Ijinph- 
glands,  are  organs  where  it  is  produced  (§  178). 

In  birds  the  liver  forms  uric  acid  from  ammonia.  The  liver  can  be  readily  excluded  frc^n  the 
circulation  in  birds,  and  Minkowski  found  that  after  this  operation  the  uric  acid  was  diminished 
and  the  ammoniacal  salts  were  increased  (J  178). 
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Antecedents  of  Urea. — Daring  digestion,  part  of  the  proteids  is  con- 
verted into  leucin,  tyrosin,  glycin,  and  aspartic  acid.  If  the  amido-acids, 
glycin,  leucin,  or  aspartic  acid,  or  ammoniacal  salts  be  given  to  an  animal, 
the  amount  of  urea  excreted  is  increased.  As  the  molecule  of  the  amido-acids 
contains  only  one  atom  of  N,  and  the  molecule  of  urea  contains  two  of  N,  it  is 
probable  that  urea  may  be  formed  synthetically  from  these  acids.  It  is  possible 
that  the  amido-acids  meet  with  nitrogenous  residues  in  the  juices  of  the  body, 
e.g.^  carbamic  acid  or  cyanic  acid.  The  union  of  these  may  produce  urea. 
According  to  Salkowski,  feeding  with  these  substances  causes  the  breaking  up 
of  the  proper  proteids  of  the  body  so  as  to  provide  the  necessary  components. 
Schmiedeberg  is  of  opinion  that  urea  is  formed  in  the  body  from  ammonium 
carbonate  by  the  removal  of  water ;  and  v.  Schroder  found  that  when  he 
passed  blood  containing  ammonia  carbonate  through  a  ''surviving ''  liver  the 
urea  in  the  blood  was  greatly  increased.  Drechsel  succeeded  in  producing  urea 
at  ordinary  temperatures  by  the  rapid  alternating  oxidation  and  reduction  of 
a  watery  solution  of  ammpnium  carbonate.  [We  know  that  the  greater  part  of 
the  area  exists  in  the  blood,  and  that  the  renal  epithelium  removes  it  from  the 
blood.  Although  it  is  surmised  that  some  of  the  nitrogenous  bodies  named 
above,  more  especially  leucin,  and  perhaps  also  kreatin,  are  the  precursors  of 
urea,  yet  we  cannot  say  definitely  how  or  where  the  transformation  takes  place. 
Perhaps  this  is  effected  in  the  liver,  and,  it  may  be,  also  in  the  spleen  (§  193).] 

Preparation  of  Urea. — Urea  may  be  prepared  from  dog's  urine  (especially  after  a  diet  of 
flesh)  by  evaporating  it  to  a  syrupy  consistence,  extracting  it  with  alcohol,  and  again  evaporating 
the  filtrate  to  a  S3rrupy  consistence.  The  crystals  which  separate  are  washed  with  water  to  re* 
more  any  extractives  that  may  be  mixed  with  them,  and  dissolved  in  absolute  alcohol.  It  is  then 
filtered  and  allowed  to  crystallize  slowly. 

Or,  human  urine  may  be  evaporated  to  one-sixth  of  its  volume  and  cooled  to  o®,  and  excess 
of  strong  pure  nitric  acid  added,  which  precipitates  urea  nitrate  mixed  with  coloring  matter. 
This  precipitate  is  pressed  in  blottine-paper,  then  dissolved  in  boiling  water  containing  animal 
charcoal,  and  filtered  while  hot.  When  it  cools,  colorless  crystals  of  urea  nitrate  separate  (fig. 
30S).  These  crystab  are  redissolved  in  warm  water,  and  barium  carbonate  added  until  efferves- 
cence ceases ;  urea  and  barium  carbonate  are  formed.  Evaporate  to  dryness,  extract  with  abso- 
lute alcohol,  filter,  and  allow  evaporation  to  take  place,  when  urea  separates. 

Compounds  of  Urea. — Urea  combines  with  acids — nitric,  oxalic,  phos- 
phoric— bases,  and  salts  (NaCl,  nitrate  of  mercury).  The  following  are  the 
most  important  combinations : — 

I.  Urea  nitrate  (CH^N,0,  HNO,)  is  easily  soluble  in  water,  and  not  so  soluble  in  water  con- 
taining nitric  acid.  It  forms  characteristic  rhombic  crystals  (fig.  308,  3,  4,  5,  6).  Sometimes 
be  formation  of  these  crystals  is  used  to  determine  micro- 
icopically  the  presence  of  urea  in  a  fluid.  If  a  fluid  is 
;a^>ected  to  contain  minute  traces  of  urea,  it  b  concen- 
rated  and  a  drop  of  the  fluid  is  put  on  a  microscopic  slide. 
\  thread  is  placed  in  the  fluid,  and  the  whole  is  covered 
vith  a  cover-glass.  A  drop  of  concentrated  nitric  acid  is 
illowed  to  flow  under  the  cover-glass,  and  after  a  time 
T3rsta]s  of  urea  nitrate  adhering  to  the  thread  may  be 
letected  Vith  the  microscope. 

2.  Urem  oxalate  (CH^N.O),,  C^H^O^  -|-  H,0,  is  made 
7  mixiog  a  concentrated  solution  of  urea  with  oxalic  acid, 
'be  crystals  form  groups  of  rhombic  tables,  often  of  irregu- 
ir  shape.  It  is  only  slightly  soluble  in  cold  water,  and 
till  leas  so  in  alcohol  (fig.  309).  1^ 

3.  Urem  phosphate  (CH^N,0,  H,PO^),  forms  large,  ^^^'  3^* 
lancing,  rhombic  crystals,  very  easily  soluble  in  water.    It     Perfect  crystals  of  oxalate  of  urea. 
.  obtained  by  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride  -f  urea  (CH^N,0,  NaCl-f-  H,0)  forms  rhombic,  shining  prisms,  which  are 
Hnetimes  deposited  in  evaporated  human  urine. 

5.  Urem  -f-  mercuric  nitra^  is  obtained  as  a  white  cheesy  precipitate,  when  mercuric  nitrate 
added  to   a  solution  of  urea.     Liebig^s  titration  method  for  urea  depends  on  this  reaction 
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257.  QUALITATIVE  AND  QUANTITATIVE  ESTIMATION 
OF  UREA.— I.  The  qualitative  Estimation  of  Urea.— (i)  Itmayk 
isolated  as  such.  If  albumin  be  present,  add  to  the  fluid  three  or  four  times  its 
volume  of  alcohol,  and,  after  several  hours,  filter.  Evaporate  the  filtrate  over 
a  water-bath,  and  dissolve  the  residue  in  a  few  drops  of  water. 

(2)  The  crystals  of  urea  nitrate  may  be  detected  microscopically  (fig.  308). 

II.  Quantitative  Estimation. — (i)  Sodic  hypobromite  decomposes 
urea  into  COa,  HjO,  and  N.  On  this  reaction  depends  the  Knop-Hiifncr 
method  of  quantitative  estimation.  The  N  rises  in  the  form  of  small  bubbles 
in  the  mixed  fluid,  while  the  CO,  is  absorbed  by  the  caustic  soda.  [The  reac- 
tion is  the  following  : — 

NjH^CO  +  sNaBrO  =  sNaBr  -f  CO,  +  2H,0  +  N,. 

The  nitrogen  is  collected  and  estimated  in  a  graduated  tube,  and  the  amount 
of  urea  calculated  from  the  volume  of  nitrogen.  The  uric  acid  is  also  decom- 
posed, but  that  can  be  estimated  separately  and  a  correction  made.  We  may 
use  the  apparatus  of  Russell  and  West,  or  Dupr6,  or  that  of  Charteris  (fig.  310).] 
rUrcameter. — Make  a  solution  of  hypobromite  of  soda  by  mixing  100  grams 
NaHO  in  250  c.c.  of  water,  and  adding  25  c.c.  of  bromine.  It  is  better  to  be 
made  fresh,  as  it  decomposes  by  keeping.  The  graduated  tube  is  placed  in  a 
cylindrical  vessel,  filled  with  water,  and  depressed  until  the  zero  on  the  tube 

coincides  with  the  level  of  the  water.  In- 
troduce 15  c.c.  of  the  hypobromite  solo- 
tion  into  the  pyramidal-shaped  bottle, while 
into  a  short  test-tube  are  placed  5  c.c.  of 
urine.  The  test-tube  with  the  urine  is  in- 
troduced into  the  bottle  by  means  of  a  pair 
of  forceps  in  such  a  way  that  it  does  not 
spill.  .  Close  the  bottle  tightly  with  the 
caoutchouc  stopper,  through  which  passes 
a  glass  tube  to  connect  it  with  the  graduated 
burette.  Incline  the  bottle  so  as  10  aUov 
the  urine  to  mix  with  the  hypobromite 
solution  when  the  gases  are  given  off,  and 
pass  into  the  collecting  tube,  which  is 
gradually  raised  until  the  surfaces  of  the 
liquids,  outside  and  in,  coincide.  Time 
should  be  allowed  to  permit  the  whole  ap- 
paratus to  have  the  same  temperature. 
Read  off  the  amount  of  gas  N  evolved,  for 
the  CO,  is  absorbed  by  the  caustic  soda. 
The  collecting  tube  is  usually  graduated 
beforehand,  so  that  each  division  of  the 
tube  is  =:  o.  I  per  cent,  of  urea,  or  0.44  gr.  per  fluid  oz.  Thus,  suppose  that  5c 
oz.  of  urine  are  passed  in  twenty-four  hours,  and  that  5  c.c.  of  urine  evolve  iS 
measures  of  N,  then  0.44  x  18  x  50  =  396  grs.  of  urea.  If,  however,  the  tube 
be  graduated  into  c.c,  then  30.3  c.c.  of  N  =  o.  i  grm.  of  urea  at  the  ordinary 
temperature  and  pressure.] 

III.  Volumetric  Method  (Liebig). — By  means  of  a  graduated  pipette  (6g.  311),  40  cobs: 
centimetres  of  the  urine  are  placed  in  a  beaker;  add  20  cubic  centimetres  of  barium  mtxtoft 
to  precipitate  the  sulphuric  and  phosphoric  acids.  The  barium  mixture  consists  of  i  voL  of  » 
cold  saturated  solution  of  barium  nitrate  and  2  vols,  of  a  cold  saturated  solution  of  bariam  by 
drate.  Filter  through  a  dty  filter,  and  lake  15  cubic  centimetres  of  the  filtrate,  at'^iVi  cffrn- 
spond  to  ID  c.c.  of  urine  y  and  place  in  a  beaker.  Allow  a  titrated  standard  solution  of  mer- 
curic nitrate  to  drop  from  a  burette  into  the  urine  until  a  precipitate  no  longer  occurs.  Tttt 
mercuric  nitrate  is  made  of  such  a  strength  that  i  cubic  centimetre  of  it  will  comt»iie  vith  ic 
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milligcaiiu  of  urea.  Tell  a  drop  of  the  mixtuie  from  lime  to  time  with  a  solution  of  iodic  car- 
bonate, which  is  called  the  indicator,  and  placed  id  a  watch-glass  or  piece  of  glus  blackened 
an  its  under  surface.  Wbenever  the  ilightest  encess  of  mercuric  nitrate  is  added,  the  mixtnre 
strike*  a  yellow  color  with  the  soda.  The  staodard  solution  must  be  added  drop  by  drop  until 
Ihii  retolt  is  obtainsd.  Read  olf  the  number  of  cubic  centimelrei  of  the  standard  solution  used  -, 
as  each  centimelre  corresponds  10  lo  milligrams  of  urea,  multiply  by  ten,  and  the  amouol  of  urea 
in  TO  cqbic  centimetre!  of  urine  is  obtained. 

Thia  method  does  nolgiTe  quite  accurate  mulls  e»en  in  normal  urine.  To  urine  containing 
much  pbosphalcs  is  add^  an  equal  volume  of  the  barium  mixture.  Very  acid  urines  majr  require 
xicra]  volames  10  be  added.  Urine  containing  albumin  or  blood  mast  be  boiled,  afier  the  addi- 
lion  of  a  few  drops  of  acetic  acid,  lo  remove  the  albumin.  The  sodic  chloride  in  the  urine  also 
interferes  wjth  the  accuracy  of  the  process,  as,  on  adding  mercuric  nitrate  lo  urine,  mertnirie 
chloride  and  sodic  nitrate  are  formed,  so  that  the  urea  does  not  combine  until  the  iodic  chloride 
ii  decomposed.  When  the  nnne  contains,  as  is  usually  Ihe  case,  i  to  i>j  percent.  NaCl,  deduct 
1  c.c.  from  the  number  of  c.c.  of  the  S.S.  added  to  lo  c.c.  of  urine. 

Eatimation  of  the  total  N  in  Urine  (Kjeldahl's  Method).— PflUger  and  Bohland  recom- 
mend the  following  modification  of  the  method  of  Kjeldahl.  Five  c.c  of  a  urine 
of  medium  concentration  are  allowed  to  flow  fromabureltc  into  Erlenmeyer's  flask, 
c^jable  of  cootaining  about  300  c.c,  and  lo  it  are  added  30  c.c.  of  concentraled  sal- 
pboric  acid.  The  whole  is  boiled  unlil  all  the  water  and  gases  are  dri>en  off.  The  fluid 
at  first  becomes  black  from  iheaclion  of  Ibe  sulphuric  acid,  but  when  it  has  become  of 
brownish  tone  lessen  the  heat  of  the  Bunsen  burner.  About  half  an  hour  SufEcesto 
heal  it,  when  the  fluid  at  last  becomei,  bright  yeltow.  Allow  it  to  cool,  dilute  it 
with  water  lo  zoo  c.c,  and  place  the  whole  io  a  flask,  add  So  c.c.  of  caustic  soda(S. 
G.  1.3).  cok  the  flask  as  quickly  as  posnble,  and  distil  its  contents.  The  distillate 
most  pass  over  into  sulphuric  acid,  which  must  be  titrated  beforehand.  The  quan- 
lityof^  tulphuiic  add  not  combined  with  ammonia  must  be  estimated  by  titration  ^ 
with  caustic  soda. 

The  N  in  the  Urine  may  be  estimated  approximalely  thus.  To  to  c.c.  of  the 
Drine  add  from  a  burette  Liebig's  mercuric  nitrate  solution,  and  test  the  mixture  on 
a  black  glass  plate  with  dry  sodic  bicarbonate  until  a  yellow  speck  remains.  Multi- 
ply the  numberof  c.c.  of  the  burette  fluid  used  by  0.04  (P/Uiger  and  Bohland). 

358.  URIC  ACID  =  C,H,N,0,  is  the  nitrogenous  substance 
which,  next  to  urea,  carries  off  most  of  the  N  from  the  body;  in 
twenty-four  hours  0.5  grm,  (7  to  10  grains);  during  hunger,  0,34 
gnn.  (4grains);  after  a  strongly  animal  diet,  2. 11  grm,  (30  to  35 
grains)  are  excreted  ;  [on  a  purely  vegetable  diet  it  amounts  to  0.2 
to  o.  7  gram.]     The  proportion  of  urea  to  uric  aciii  is  45  ;  i . 

If  a  naammal  be  fed  with  urjc  acid,  part  of  it  becomes  more  highly 
oxidized  into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased 
(S  160)  ;  in  fowls,  feeding  with  leticin,  glycin,  or  aspartic  acid  {v. 
Kmeriem),  or  ammonium  carbonate  \S(kroeder),  increases  the 
amount  of  uric  acid.  When  urea  is  administered  to  fowls,  it  is 
r<-iibir^i/ chiefly  to  uric  acid.  The  fresh  splenic  pulp  containing  so 
many  decomposition  products  of  leuc<K:ytes  (nuctein,  xan  thin -bodies, 
p.  173)  (§169)  when  treated  with  warm  blood  yields  it  {Horbat- 
iewski  ).  It  is  the  chief  nitrogenous  product  in  the  urine  of  birds; 
reptiles,  and  insects.  It  is  sometimes,  but  not  always,  absent  from  p 
herbivorous  urine,  '^'  ^ 

Properties. — It  is  dibasic,  colorless,  and  crystallines  in  various  Graduated 
forms  (figs,  312  and  313),  belonging  to  the  rhombic  system  (i),  P*"'' 
When  the  angles  are  rounded,  the  whelslone  form  (a)  is  produced,  and  if  the 
long  surfaces  be  flattened,  six-sided  tables  occur.  Not  unfrequently  diabetic 
urine  deposits  spontaneously  large,  yellow,  transparent  rosettes  (6,  8).  If 
20  c,c.  of  HCl,  or  acetic  acid,  be  added  to  1  litre  of  urine,  crystals  (9)  are  de- 
posited, like  cayenne  pepper,  on  the  surface  and  sides  of  the  glass,  afler  severai 
hours.  [The  HCl  decomposes  the  urates,  and  liberates  the  acid,  which  does 
not  crystallize  at  once,  owing  to  the  presence  of  the  phosphates  in  the  urine. 
Crystals  of  uric  acid  are  usually  yellowish  in  color  from  the  pigment  of  the 
urine  (fig.  313),  and  they  are  soluble  in  caustic  potash.] 
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Solubilitj. — It  a  tulelcKS  >nd  odorleu ;  red  dens' litmus ;  ii  soluble  in  15,000  port*  of  cold 
•Dcl  in  1900  of  boiling  water,  and  insoluble  in  alcohol  and  ether.  Horbaciewski  prepared  it 
qmthetically  by  melting  tc^ether  glycin,  or,  as  it  is  also  oiled,  glycocin,  and  nrea. 

[C,H,NO,  +  aCON.H,  =.  C,H,N,0,  +  3NH,  +  2H,0.] 
Glycocin.  Urea.  Uric  ncid. 

It  is  freely  soluble  in  alkaline  carbonales,  borates,  phoiphates,  lactates,  and  acetates,  these  mIm 
at  the  same  time  temovii^  a  part  oflhc  base;  tbuatbere  are  faimed  acid  urates  and  acid  ultt 
from  the  neutral  salts.  It  is  soluble  in  concentrated  sulphuric  acid,  from  which  it  may  be  pn- 
cipitaled  by  the  addition  of  water.  [The  phosphates  play  an  importanl  pert  in  keeping  il  in  loln- 
tion  in  the  urine.] 

Decomposition. — During  dry  distillation  it  decomposes  into  urea,  cyanuric  acid,  hydrocyanic 
acid,  and  ammonium  carbonate.  Superoxide  of  lead  converts  it  into  urea,  allanldn,  oxalic  aad, 
and  CO,;  while  Ozone  forms  the  same  substances,  with  the  addition  of  alloxan.  WhenitisTe- 
dnced  by  H  in  statu  natitmli,  as  by  sodium  amalgam,  it  formi  xanlhin  and  Mrlrioi  It  is  1  less 
oxidized  metabolic  product  than  urea,  but  it  it  by  no  means  proved  that  uric  acid  is  a  precunor 
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Fig.  311. 
Forms  of  unc  acid.     1.  Rhombic  plates;  z,  whetstone  forms;  3,  quadrate  forms;  4,  5,  pro- 
longed into  points;   6,S,ro9etl»i    7,  pointed  bundtes;   9,   barrel  forms  precipitated   by 
adding  hydrochloric  acid  to  urine. 

Occurrence. — Urk  acid  occurs  dissolved  in  the  urine  in  the  form  of  acid 
urates  of  soda  and  potash.  These  salts  occur  also  in  urinary  calculi, 
gravel,  and  in  gouty  deposits.  Ammonium  urate  occurs  in  very  small  quantity 
in  a  deposit  of  "urates,"  but  is  formed  in  considerable  amount  when  urine 
becomes  ammoniacal  from  decomposition  (fig.  31 7).  Free  uric  add  occurs  in 
normal  urine  only  in  the  very  smallest  amount.  It  is  sometimes  deposited 
after  a  time  (fig.  316).     It  frequently  forms  urinary  calculi  and  gravel. 

The  urine  of  newly-bom  children  contains  much  uric  acid.  Uric  acid  and  its  salts  are 
increaaed  after  severe  musculai  exertion,  accompanied  by  persfriration,  in  catarrhal  and  rheo. 
mstic  fevers,  and  such  conditions  as  are  accompanied  by  disturbance  of  the  respiration ;  in 
Icuk.-emia  and  tumors  of  the  spleen,  cirrhotic  liver,  and  generally  in  cases  of  catarrh  of  the 
stomach  and  intestinal  tract,  following  the  excessive  use  of  alcohol.  [It  is  certainly  increased  in 
leukaemia;  as  much  as  4  grams  have  tieen  eliminated  in  24  hours.  It  is  also  increased  during 
ague  and  levers,  and  perhaps  this  has  some  relation  to  the  congestion  of  the  spleen  which  accom- 
panies these  conditions  ]  ll  is  ditninisbed  after  copious  draughts  of  water,  after  lai^e  dosts  of 
quinine,  cafTein,  potassic  iodide,  common  salt,  sodic  and  lilhic  carbonates,  sodic  sulphate,  inha- 
lation of  O,  slight  muscular  exertion.      In  gout,  the  amount  excreted  in  the  urine  is  small.      In 
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cfafooic  tumors  of  the  spleen,  anaeinia,  and  chlorosis,  when  the  respiration  is  not  at  the  same 
time  embarrassed,  it  is  also  diminished. 

[The  quantity  of  uric  add  excreted  is  greatest  during  the  "  alkaUne  tide."  By  the  use  of 
tods  the  uric  add  is  relatively  diminished.  Suppose  the  normal  ratio  of  uric  acid  to  urea  to  be 
I  :  35,  then  after  the  use  of  acids  (4  grams  of  chric  acid  three  times  daily),  the  proportion  will 
be  about  i  :  41.  If  alkalies  be  taken  (3  grams  citrate  of  potash  three  times  daily),  the  reverse 
is  the  case,  the  ratio  becomes  about  i  :  28  (Hatg^).] 

Urates. — Uric  acid  forms  salts— chiefly  add  urates — with  several  bases, 
which  dissolve  with  difficulty  in  cold  water,  but  are  easily  soluble  in  warm 
water.  Neutral  urates  are  changed  by  CO,  into  acid  salts.  [The  urates  are 
insoluble  substances  and  are  readily  precipitated,  but  this  occurs  more  readily 
during  the  acid  formation  of  urine,  because  the  acid  urate  of  sodium  is  then 
formed,  and  it  is  more  insoluble  than  the  normal  urate — 

2QH,Na,N,0,  +  H,0  +  CO,  =  iCjHsNaNA  +  Na^CO, 

Normal  sodium  urate.  Acid  sodium  urate.    Sodium  carbonate. 

Hydrochloric  and  acetic  acids  break  up  the  compounds,  and  crystals  of  uric 
acid  separate.  [According  to  W.  Roberts  uric  acid  is  perhaps  a  vestigial  rem- 
nant in  mammalian  descent.  Besides  the  acid  and  normal  urates  Roberts  de- 
scribes what  he  calls  quadrurates,  and  he  regards  them  as  the  exclusive  combi- 
nation in  which  uric  acid  exists  in  solution  in  normal  urine.  The  appearance 
of  a  deposit  of  urates  in  urine  when  it  cools  does  not  necessarily  mean  that  there 
is  an  increased  formation  of  urates,  for  urates  may  be  deposited  in  concentrated 
urine  when  it  cools.] 

[One  of  the  atoms  of  H  is  easily  replaced  by  metals.  If  uric  acid  be  dissolved  in  sodic  car- 
bonate we  obtain  C5H3NaN40s  which  is  an  acid  urate.  If,  however,  it  be  dissolved  in  an 
alkali,  e.^;-,,  caustic  soda,  we  get  C^H^Na^N^O,  whereby  a  second  atom  of  H  is  replaced  by  an 
alkaline  metal,  producing  **  neutral  or  normal  urate."  It  is  not  known  if  the  latter  action 
occurs  in  the  body.] 

( 1 )  Acid  sodic  urate  usually  appears  as  a  brick-red  deposit  in  lu-ine ;  more  rarely  gray  or 
white  (laieritions  deposit),  tinged  with  uro€rythrin,  in  catarrhal  conditions  of  the  digestive 
organs,  and  in  rheumatic  and  febrile  affections.  Microscopically,  it  is  completely  amorphous, 
consisting  of  granules,  sometimes  disposed  in  groups  (fig.  316,  d) — sometimes  the  granules  have 
spines  on  them.  The  corresponding  potash  ssdt  occurs  not  unfrequently  under  the  same  condi- 
tions, and  presents  the  same  characters. 

(2)  Acid  ammonium  urate  (fig.  317,  a)  always  occurs  as  a  sediment  in  ammoniacal  urine, 
either  with  (i),  or  mixed  with  free  uric  acid,  accompanied  by  triple  phosphate.  Microscopically, 
it  is  the  same  as  (l).  (i)  and  (2)  art  distinguished  by  the  sediment  dissolving  when  the  urine  is 
heated.  If  a  drop  of  nydrochloric  acid  be  added  to  a  microscopic  preparation  of  the  sediment, 
crystals  of  uric  acid  separate. 

(3)  Acid  calcic  urate  occurs  sometimes  in  calculi,  and  is  a  white,  amorphous  powder  slightly 
soluble  in  water.  When  heated  on  platinum  it  leaves  an  ash  of  calcium  carbonate.  Magnesium 
urate  rarely  occurs  m  urinary  calculi. 

[A  deposit  of  urates  is  of  common  occurrence  in  urine,  e.g.^  after  excessive  muscular  exercise, 
deranged  digestion,  etc.  They  exist  in  urine  chiefly  as  normal  sodium  urate,  but  they  are 
deposited  chiefly  as  acid  urates  when  the  urine  cools.  •  The  deposit  is  dften  pink-colored  and 
is  chiefly  amorphous,  but  it  may  contain  a  few  crystals.  It  redissolves  when  the  urine  is  heated. 
The  following  table  gives  the  chief  facts  relative  to  the  urates  (Ratfe)  :  — 


Urates. 


Acid  ammonium  urate. 

Normal  sodium  '* 

Acid  •*  ** 

Normal  pMXassium  " 

Acid  "  *' 

Normal  calcium  ** 
Acid              " 

Acid  lithium  *' 


FormulsB. 


Solubility 
in  water. 


C,H,N,0,.(NHJ 

CjH,N,0,Na, 

C5H,N,0,.Na 

CjHjN^Oj.K, 

C.H,N.O,.K 

C5H,N,0,.Ca 

(CH,NA),.Ca 

CjH,nA.u 


I  in  1600 

I  in  77 
I  in  1200 
I  in  44 
I  in  800 
I  in  1500 
I  in  600 
I  in  60 


Deposited  as 


Amorphous  or  spiked  globular 

masses. 
Nodular  masses. 
Amorphous,  rarely  crystalline. 
Amorphous,  or  in  fine  needles. 

•       •       • 

Fine  granules. 

Amorphous,  or  in  fine  needles. 


t( 


K 


»( 
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The  greater  solubility  of  lithium  and  potassium  urates  has  led  to  the  administrstion  of  pottih 
or  litbia  water  in  cases  of  uric  acid  diathesis.] 

[Formation  of  Uric  Acid. — It  exists  in  the  blood,  and  docs  not  seem  to 
be  formed  in  the  kidneys.  In  gout,  when  there  is  a  diminished  excretioD  of 
uric  acid  it  accumulates  in  the  blood  and  tissues.  After  extirpation  of  the  kid- 
neys in  birds  and  snakes,  it  accumulates  in  the  blood  and  organs.  The  seat  of 
its  formation  in  mammals  has  not  been  ascertained  experimentally.  In  birds, 
however,  it  seems  to  be  formed  in  the  liver.  Birds  have  a  vascular  system  in 
their  kidneys  similar  to  the  portal  vein.  A  vena  advehens  carries  the  blood 
from  the  caudal  and  iliac  veins  and  veins  coming  from  the  pelvic  viscera  to  the 
kidneys,  and  the  vena  advehens  communicates  with  the  portal  vein  by  means 
of  Jacobson's  vein.  Minkowski  tied  the  portal  vein  in  geese,  thus  excluding 
the  liver,  but  the  blood  from  the  abdominal  organs  still  passed  through  the 
kidneys  to  the  inferior  vena  cava.  The  animals  lived  from  6-20  hours.  He 
found  that  the  total  nitrogen  eliminated  in  the  urine  is  not  greatly  diminished 
(reduced  about  one-half  or  less),  but  the  proportion  of  uric  acid  to  the  totil 
nitrogen  was  greatly  diminished.  Normally,  in  geese  60-70  per  cent,  of  the 
total  nitrogen  in  the  urine  is  eliminated  as  uric  acid,  but  after  exclusion  of  the 
liver  it  amounts  only  to  3-6  per  cent.,  while  the  ammonia  is  enormottsiy  in- 
creased. The  normal  9-18  per  cent,  of  ammonia  is  increased  to  50-60  per  cent 
It  would  seem  as  if  ammonia  is  a  normal  antecedent  of  uric  acid,  and  that 
the  synthesis  perhaps  takes  place  in  the  liver.  Another  noteworthy  fact 
observed  was   the  simultaneous  great   increase   of  lactic  acid    in   the  urine 

(P-  504).] 

259.  ESTIMATION  OF  URIC  ACID.— I.  Qualitative.— i.  Micro- 
scopic Characters. — The  appearances  presented  by  uric  acid  and  its  salts 
under  the  microscope  are  shown  in  fig.  313.  It  is  deposited  from  urine  after 
several  hours,  on  adding  acetic  or  hydrochloric  acid. 

2.  Murexide  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel 
along  with  nitric  acid.  Decomposition  takes  place  and  the  color  changes  to 
yellow.     N  and  CO,  are  given  off;  urea  and  alloxan  (C4H,N,04)  remain. 

[CsH^N^O,  -f  O  +  H,0  =  C^HjNA  +  CON,H,.] 

Uric  Acid.  Alloxan.  Urea. 

Evaporate  slowly  and  allow  the  yellowish -red  stain  to  cool ;  on  adding  a  drop 
of  dilute  ammonia  2i purplish-red  color  of  murexide  (which  contains  furfurate  of 
ammonia,  alloxan tin-amid)  is  obtained,  it  becomes  blue  on  the  addition  of 
caustic  potash.  If  potash  or  soda  be  added  instead  of  ammonia,  a  violet  cokn^ 
is  obtained,  which  disappears  on  heating. 

3.  Schiff's  Test. — Dissolve  uric  acid  or  a  urate  in  a  solution  of  an  alkaline  carbonate,  vA 
drop  it  upon  blotting-paper  saturated  with  a  solution  of  silver  nitrate ;  reductioo  of  the  slver 
takes  place  at  once,  and  a  black  spot  is  formed. 

4.  On  boiling  a  solution  of  uric  acid  or  a  urate  in  an  alkali,  with  Fehling's  solution  {%  M9^ 
2),  at  first  white  urate  of  the  suboxide  of  copper  is  deposited,  while  later,  red  copper  safaoxiiic 
is  formed. 

II.  Quantitative  Estimation. — Add  5  £ubic  centimetres  of  concentrated  HCl  to  100  c.c  of 
urine,  and  allow  it  to  stand  for  forty-eight  hours  in  the  dark,  when  the  uric  acid  is  precipttate<i 
like  Bne  cayenne  pepper  crystals.  All  the  uric  acid  is  not  precipitated  by  the  HQ,  eTcn  after 
standing  for  a  time.  [E.  A.  Cook  uses  sulphate  of  zinc  to  precipitate  the  uric  add  as  ante  of 
zinc.  Caustic  soda  is  added  to  precipitate  the  phosphates,  and  then  to  the  clear  fluid  zinc  su- 
phate  solution,  which  precipitates  urate  of  zinc  as  a  white  gelatinous  deposit.] 

Pokker-Salkowski  Method. — Make  200  c.c.  of  urine  strongly  alkaline  with  sodic  caAxmx- 
ate,  and  after  an  hour  add  200  c.c.  of  a  concentrated  solution  of  ammonium  chloride,  wheielw 
acid  urate  of  ammonium  is  precipitated.  After  forty- eight  hours  filter  through  a  small  irdgbed 
filter,  and  wash  it  several  times.  Fill  the  filter  with  dilute  HCl  and  collect  the  filtrate.  Do 
this  until  all  the  acid  urate  is  dissolved.  From  the  total  filtrate  after  a  time  all  the  sric  '^^-^ 
separates.     It  is  collected  on  the  same  filter,  washed  with  water  and  alcohol  uotO  the 
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u  of  the  aiui  add 


reaction  doappean,  dried  at  too"  C,  and  weighed.     To  the  weight  m 
0,030  gnu. 

[Haycraft's  method  depends  on  the  &ct,  Ihat  uric  add  rormi  a  compoand  wiih  silver — urate 
of  silver — which  is  veiy  insoluble  in  water.  The  soiotioDi  required  are:  I.  Centinonnat 
anunoDtc  rolphocyanate,  made  b^  dissolving  S  grama  of  crystBls  in  I  litre  of  water,  and  adjust 
to  dednonnal  silver  solution.  Dilute  with  9  vols,  of  water,  1  c.c.  =:  0.00168  uric  acid.  2. 
Salnraled  solution  nf  iron-alum  (the  indicator).  3.  Pure  HNOj  (20  to  30  per  cent.).  4. 
Strong  ammonia.  AmmoDiaCBl  silver  solution  made  by  dissolving  5  grms.  AgNO,  in  too  c.c. 
water,  and  add  NH^IIO  until  the  solution  becomes  cleat.  Proceaa. — Place  35  c.c.  of  urine  in 
a  beaker,  and  odd  I  grm.  sodic  bicarbonate;  then  add  3  to  3  c.c.  of  ammonia  to  precipitate 
amnion io-magnesic  phosphate.  Add  1  to  z  c.c.  al  ammoniacal  silver  solution,  which  precipi- 
tates silver  urate  in  a  white  gelatinous  form.  The  precipitate  is  then  ihoroughl]'  washed  on  an 
asbestos  filter,  and  then  dissolved  from  this  b<^  nitric  acid,  after  which  the  silver  is  estimated 
iVolhaid's  melbod).  In  doing  so,  add  a  few  drops  of  the  indicator,  and  drop  in  the  cenlinoniial 
solution  of  ammomc  sulphocyaoale.  A  wliile  precipitate  with  a  transient  reddish  coloration 
will  be  formed;  as  soon  as  the  red  color  is  permanent  (he  process  is  at  an  end.  The  uric 
add  present  is  ascertained  by  multiplying  the  number  of  cubic  centimetres  of  the  sulphocyanate 
Bsed  by  0.00168. 

a6o.  KREATININ  AND  OTHER  SUBSTANCES.— Kreatinin 
CjH,N,0,  is  derived  from  the  kreatin  of  muscle  by  the  removal  of  a  mole- 
cule of  water,  and  partly  from  flesh  food.  The  quantity  excreted  daily  is  0.6 
to  1.3  gram  (8  to  18  grains). 

[Source. ~~It  is  generallj  considered  that  it  is  formed  from  the  kreatin  of  muscle.  If  kreatin 
be  given  to  animali  tiy  the  mouth  ii 
reappears  in  the  urine  as  kreatinin, 
bat  if  it  be  injected  into  the  blood 
Mream  it  reappears  as  kreatin,  so  that 
the  kidneys  cannot  effect  the  change. 
Perhaps  the  change  is  effected  in  the 
mtucles.] 

It  is  dlroiniabed  in  progressive 
muscular  Uiopbj,  tetanus,  anaemia, 
maraimus,  chlorosis,  consumption, 
pwalysis ;  and  is  increased  in  typhus, 
inHanimation  of  the  lung;  it  is  absent 
from  the  urine  of  sucklings. 

Propertie a. ^-Kreatinin  is  alkaline, 
easily  soluble  in  water  and  hot  alcohol. 
It  forms  colorless  oblique  rhombic 
columns  ;  unites  with  adds  and  salts, 
silver  nitrate,  mercuric  chloride,  and 
eq>eciBlly  with  ti'ni  iklaridi. 

Temtm.-.- Kreatinin ->inc  cbloride 
(fig.  3'3)  "  >"«<>  10  detect  its  pres- 
ence. Weyl'a  Teat.— Add  to  urine 
a   few   drops  of  a  slightly   brownish  Fig,  313. 

solution  of  nitro-prosside  of  soda,  and  Kreatinin-rinc  chloride,  a,  balls  with  ratUating  marks; 
then  wok  caustic  soda  solution,  pro-  ^_  ciyst Jliied  from  water ;  t,  from  alcohol. 

duciDg  a   Burgundy-red  color,  which 

Boon  disappears.  When  heated  with  gladal  acetic  acid,  the  color  changes  to  gieen,  which 
after  a  time  changes  to  blue  {Salkmuski).  Aceton  gives  a  similar  reaction,  but  in  this  esse  the 
red  color  is  darker,  and  more  of  a  purple  shade.  Aceton  can  be  expelled  by  boiling  the  urine; 
>o  that  it  is  better  to  boil  the  urine  beforehand,  if  aceton  be  suspected.  [The  blue  color — 
Berlin  bine — is  due  to  the  formslion  of  an  iron-salt,  ferrocyanide  of  sodium,  from  the  decomposi- 
tion of  the  nitro-prusside.  The  reaction  also  succeeds  with  formic  acid^-instead  of  glacial  acetic 
add — if  some  time  be  allowed  to  elapse  after  Weyl's  reaction.] 

Zantbin  ^=  C,H,N,0,  occurs  only  to  the  amount  of  I  gram  in  300  kilos,  of  urine.  It  is  a  sub- 
stance iDlermediate  between  sarkin  and  uric  acid,  Guaain  and  hypoxanthin  may  be  changed 
into  xuithin  ;  in  contact  with  water  and  fermenli  it  passes  into  uric  acid.  When  evaporated 
with  nitric  add,  it  gives  a  yellow  stain,  which  becomes  yellowish-red  on  adding  potash,  and 
violct-icd  on  applying  more  heat.  It  is  an  amorphous,  yellowish- white  powder,  fairly  soluble  in 
boiliDg  water.  It  has  also  been  found  in  traces  in  muscles,  brain,  liver,  spleen,  pancreas,  and 
thymus.  The  crystalline  body  patazanttain  (dimethylxanthin)  and  the  amorphous  beteroxan- 
tbin  (methylxanibb)  occur  in  traces  in  the  urine  [^Salamon). 
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Sarldn  or  Hypoxantfain,  C^fN^Q.^ — As  yet  t^is  substance  has  been  found  only  in  the  vioe 
of  leukaemic  patients  (^JakubascK),  and  it  has  been  prepared  in  the  form  of  needles  or  flattened 
scales  from  muscle,  spleen',  thymus,  brain,  bone,  liver,  and  kidney.  In  normal  urine  a  bodj 
nearly  related  to,  and  possibly  identical  with,  hypoxanthin  occurs  (E,  Saikowskt),  Hypoxan- 
thin  closely  resembles  xanthin,  and  can  be  changed  into  it  by  oxidation.  Nascent  hjrdrogcn,  od 
the  other  hand,  reduces  uric  acid  to  xanthin  and  hypoxanthin.  When  evaporated  with  nitiic 
acid  it  gives  a  light  yellow  stain,  which  becomes  deeper,  but  not  reddish-yellow,  on  adding 
caustic  ^a.  It  is  more  easily  soluble  in  water  than  xanthin,  and  by  this  means  the  two  SBb> 
stances  can  be  separated  from  each  other.     Guanin  is  insoluble  in  water. 

[Notice  the  close  relation  of  the  three  bodies — uric  acid,  xanthin,  and  hypoxanthin.  Tlie 
difference  is  in  the  proportion  of  oxygen: — 

Uric  acid, CsH^N^O, 

Xanthin, QH^N^O, 

Hypoxanthin,      ....         C5H4N4O. 

Closely  related  to  these,  and  belonging  to  the  xanthin  group,  but  which  do  not  occur  in  uriDe,tre 
guanittf  (CjHjN.Oj)  and  a(fenin  (CjHjNj),  the  latter  a  polymer  of  hydrocyanic  add.  Perfa^ 
all  these  four  bodies  belong  to  the  antecedents  of  urea  or  uric  acid  (Bun^^).'] 

Oxaluric  acid  (CSH4N2O4)  is  an  oxidation  product  of  uric  acid,  and  occurs  in  vtry  swuul 
quantity  combined  with  ammonia  in  urine.  Physiologically,  it  is  interesting  on  account  of  iis 
relation  to  uric  acid.  It  is  a  white  powder  slightly  soluble  in  water.  Ammonium  oxalnrate  ess 
be  prepared  from  uric  acid. 

Oxalic  Acid  (CaHjOi)  occurs,  but  not  constantly,  to  the  amount  of  20 
milligrams  daily,  [but  never  as  free  oxalic  acid].  It  is  united  with  calcium  and 
held  in  solution  by  the  acid  phosphate  of  soda.  Sometimes  it  forms  a  depcsit 
of  oxalate  of  lime,  which  is  known  by  the  '*  envelope  *'  shape  of  the  crystals 

(fig-  314)  >  insoluble  in  acetic  acid,  and  forming 
transparent  octahedra.  More  rarely  it  assumes  a  bis- 
cuit or  sand-glass  form.  The  genetic  relation  of 
oxalic  acid  tor  uric  acid  is  shown  by  the  fact,  that  dogs 
fed  with  uric  acid  excrete  much  oxalate  of  lime.  Oxalic 
acid  may  also  be  produced  by  the  oxidation  of  pro- 
0  ducts  derived  from  the  fatty  acid  series  (p.  486). 

Oxaluria. — The  eating  of  substances  containing  oxalate  of  lise 

Fig.  314.  (rhubarb)  increases  the  excretion.    Increased  excretion  is  caOed 

„     ,         ...  oxaluria;  it  is  regarded  as  a  si{;n  of  retarded  metabtolism  (.^ritrV, 

Oxalate  of  lime,     a,  ^,  octa-   ^nd  it  may  give  rise  to  the  formation  of  a  calculus.     In  oxalnm 

^^^'^'h'l^l?^''^^^     ^"°^    the  uric  acid  is  also  often  increased  in  amount.     Perhaps,  in  th< 
tf,  dumD-t)ells.  ^^^  instance,  there  is  an  increased  formation  of  uric  add  &t» 

which  oxalic  acid,  urea,  and  CO,  may  be  formed.     The  amoost 
of  oxalic  acid  is  increased  after  the  use  of  wine  and  sodic  bicarbonate. 

Hippuric  Acid  =  C,H,N08(Benzoylamidoacelic  acid,  p.  490)  occurs  in 
large  amount  in  the  urine  of  herbivora,  and  in  them  is  the  chief  end-product  of 
the  metabolism  of  certain  nitrogenous  substances ;  in  human  urine  the  daily 
quantity  is  small,  0.3  to  3.8  grms  (5* to  50  grains).  It  is  an  odorless  moDO- 
basic  acid  with  a  bitter  taste,  crystallizing  in  colorless  four-sided  prisms  (6g. 
315).  [It  exists  in  urine  as  hippurates  of  the  alkalies.]  Readily  soIuUe  in 
alcohol,  and  soluble  in  600  parts  of  water.  Its  presence  in  urine  is  a  matter  (^ 
diet. 

[Crystals  of  hippuric  acid  when  heated  in  a  test-tube  are  decomposed,  and  a  suMimate  d 
benzoic  acid  and  ammonic  benzoate  condenses  on  the  upper  cool  part  of  the  tube,  while  tfaoe  is 
an  odor  of  new  hay,  and  oily  drops  remain  in  the  tube.] 

It  is  a  conjugated  acid,  and  is  formed  in  the  body  from  benzoic  acid,  or  some 
nearly  related  chemical  body,  such  as  the  cuticular  substance  of  plants,  or  from 
oil  of  bitter  almonds,  cinnamic  or  quinic  acid,  which  easily  pass  by  reduclion 
(quinic  acid)  or  by  oxidation  (cinnamic  acid)  into  benzoic  acid.  It  may  be 
formed  by  the  union  with  hydration  of  benzoic  acid  with  glycin  : — 

C,HA   +  QH5NO,  =   QH,NO,  +   H,0 

Benzoic  acid     +  Glycin  =    Hippuric  acid     +    Water. 


Sec.  a60.]  FORMATION   OF   HIFPURIC   ACID.  513 

[If  hippuric  acid  be  boiled  with  alkalies  or  strong  mineral  acid,  it  splits  up 
with  hydration  into  benzoic  acid  and  glycocoll  or  glycin. 

C.H.-CO-n/Hj_COoh  +H'0  = 

Hippuric  acid. 

C.H.-  COOH  +  H-N(c^^  _  cooH 

Benzoic  acid.  Glycocoll.] 

[Formation  of  Hippuric  Acid. — When  benzoic  acid  is  introduced  into 
the  alimentary  canal  of  an  animal  (rabbit  or  dog),  it  appears  in  the  urine  as 
hippuric  acid,  so  that  somewhere  in  the  body  benzoic  acid  meets  with  and 
combines  with  glycin.     Nitro-benzoic  acid  appears  as  nitro-hippuric  acid.     As 
the  benzoic  acid  passes  through  the  body,  it  becomes  conjugated  with  glycin  or 
glycocoll,  chiefly  in  the  kidneys.     The  hippuric  acid  in  the  urine  of  herbi- 
vora  is  chiefly  derived  from  some  substance  with  a  benzoic  acid  residue — the 
aromatic  combinations — present  in  the  cuticular  coverings  of  the  food.     That 
hippuric  acid,  in  part  at  least,  is  formed  in  the  kidneys,  i.^.,  by  the  cells  of 
the  renal  tubules,  is  shown  by  the  following  considerations :     If  arterialized 
blood,  containing  benzoic  acid   and   glycin,  or  even  benzoic  acid  alone,  be 
passed  through  the  blood-vessels  of  a  fresh,  living,  excised  kidney,  a  so-called 
**  surviving  kidney,"  hippuric  acid  is  found  in  the  blood  arteritis  perfused. 
Even  after  forty-eight  hours,  if  the  kidney  be  kept  cool,  the  synthesis  takes 
place.     The  kidney  in  this  case  also  must 
not  be  dead,  but  a  "surviving**  one.     If 
the  kidney  be  kept  too  long,  the  conjuga- 
tion does  not  take  place.     If  the  fresh  sur-  |^  a 
viving  kidney  be  chopped  up,  and  kept  at   Vvll 
the  temperature  of  the  body  with  benzoic 
acid  and  glycocoll,  hippuric  acid  is  formed. 
Oxygen  seems  to  be  necessary  for  the  pro- 
cess, for,  if  blood  or  serum  containing  car- 
bonic oxide  be  used,  there  is  no  formation 
of  hippuric  acid.] 

[If  the  liver   be  excised  in  frogs,  and  *^*  ^'^* 

benzoic  acid,  or  better,  benzoic  acid  and  Hippunc  Aad. 

glycocoll,  be  injected  into  the  dorsal  lymph-sac,  hippuric  acid  is  found  in  the 
:issues  and  secretions.  Thus  the  liver  is  not  the  locality,  or  exclusive  locality, 
in  the  frog,  where  the  synthesis  occurs.  But  in  the  frog,  it  may  be  formed 
ifter  extirpation  of  the  kidneys.  It  is  only  in  the  dog  that  its  exclusive  forma- 
ion  in  the  kidney  has  been  proved  {Bunge  and  Schmiedeberg)J\ 

[There  is  one  difliculty  about  the  .matter,  viz.,  that  glycin,  as  such,  has  not 
)een  found  in  the  tissues.  It  is  probable,  however,  that  it  is  formed  in  various 
netabolic  processes,  and  is  as  rapidly  combined  with  some  other  body.  It 
nay  be  formed  in  this  way  in  the  kidney,  and  immediately  combine  with  ben- 
oic  acid  to  form  hippuric  acid.] 

According  to  this  view,  it  is  derived  chiefly  from  the  food  of  herbivorous  animab,  and 
CDce  it  is  absent  from  the  urine  of  sucking  calves,  as  well  as  after  feeding  with  grain  devoid 
f  husk.  But  it  is  also  formed  in  the  body  from  the  proteids.  In  the  dog,  the  formation  of 
ippuric  acid  occurs  in  the  kidney  i^Sckmiedeberg  and  Bunge)^  and  in  the  frog  also  outside  the 
idney.  Kiihne  and  Hallwachs  thought  it  was  formed  in  the  liver,  and  Jaarsveld  and  Stock  vis 
)  the  kidney,  liver  and  intestine.  The  observation  of  Salomon  that,  after  excision  of  the  kid- 
eys  in  rabbits,  and  injection  of  benzoic  acid  into  the  blood,  hippuric  acid  was  found  in  the 
ittsclesy  bk>od,  and  liver,  goes  to  show  that  it  must  be  formed  in  other  organs  beside  the  kidneys, 
lie  power  of  changing  benzoic  acid  introduced  into  the  human  body  into  hippuric  acid  may 
ren  be  abolished  in  disease  of  the  kidney.  Under  certain  circumstances  it  seems  that  hippu- 
c  acid,  ahready  formed,  may  be  again  decomposed  in  the  tissues. 
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It  is  greatly  increased  after  eating  pears,  plums,  and  cranberries;  in  icterus,  some  liver  flec- 
tions, and  in  diabetes. 

Preparation. — Add  milk  of  lime  to  the  fresh  urine  of  horses  or  cows  to  foma  calcic  hippo 
rate.  Filter,  evaporate  the  Bltrate  to  a  small  bulk,  and  precipitate  the  hippuric  acid  with  excess 
of  hydrochloric  acid.  To  purify  the  hippuric  acid,  crystallize  it  several  times  from  a  hot  watcfy 
solution. 

Cynuric  Acid  C^Hj^N,Oj  -|-  H,0  occurs  in  the  urine  of  dogs  (y.  v.  Lubig). 

AUantoin,  C4H4N4O8,  which  occurs  in  the  amniotic  fluid  of  the  cow,  is 
found  in  minute  traces  in  normal  urine  after  flesh  food,  and  is  more  abuDdant 
during  the  first  weeks  of  life  and  during  pregnancy.  [It,  to  a  large  extent, 
replaces  urea  in  the  urine  of  the  foetus.] 

After  large  doses  of  tannic  acid  the  amount  is  increased  {SchoUin\  while,  in  dogs,  feeding 
with  uric  acid  also  increases  it  i^Saikowski). 

Properties. — It  forms  shining,  prismatic  crystals ;  fipom  the  urine  of  sucking  calves  it  crystil- 
lizes  in  transparent  prisms.  It  is  decomposed  by  ferments  into  urea,  ammonium  oxalaie,  md 
carbonate,  and  another  as  yet  unknown  body.  Preparation — (a)  the  urine  is  predpit^ 
with  basic  lead  acetate,  the  lead  in  the  filtrate  is  removed  by  sulphuretted  hydrogen,  and  the 
filtrate  i'self  is  then  evaporated  to  a  syrup,  from  which  the  crystals  separate,  after  standbg  kr 
several  days.     They  are  then  washed  with  water,  and  recrystallized  from  the  water  {SalJumki . 

261.  COLORING -MATTERS  OF  THE  URINE.— i.  Uro 
bilin  is  most  abundant  in  the  highly-colored  urine  of  fevers,  but  it  also  oonirs 
in  normal  urine  {/affS).  It  is  identical  with  the  hydrobilirubin  of  Maly 
(§  ^77>  3>  i)*  It  Js  a  derivative  of  haematin,  which  also  yields  the  biU-pigmati 
(§177).  It  gives  a  red^  or  reddish-yellow y  color  to  urine,  which  becomes  yel- 
low on  the  addition  of  ammonia.  [What  is  called  normal  bilirubin  seems 
to  be  the  principal  coloring-matter  in  urine.] 

[MacMunn,  chiefly  from  spectroscopic  observations,  finds  that  two  entirely  different  seb 
stances  have  been  included  under  the  name  of  "  urobilin,"  viz.,  that  of  normal  and  thit  of 
pathological  urine,  and  that  hydrobilirubin  is  not  identical  with  either.  The  pathological  orots- 
lin  seems  to  be  closely  connected  with  stercobilin  (J  185).] 

Preparation. — Prepare  a  chloroform  extract  of  urine  containing  urobilin — add  iodine  to  tk 
extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  caustic  potash,  which  Itmai 
potassic  iodide.  This  potash  solution  becomes  yellow  or  brownish-yellow,  and  ezhitnts  beasd- 
ful  green  fluorescence  ( Gerhardt). 

Urobilin  may  be  extracted  from  many  urines  by  ether  (Saiiowski).  When  subjected  to  the 
action  of  reducing  agents,  e.  g.,  sodium  amalgam,  a  colorless  product  is  obtained,  which  oe 
exposure  to  the  air  al»orbs  O,  and  becomes  retransformed  into  urobilin.  This  colorless  body  i« 
identical  with  the  chromogen  which  Jafi(&  found  in  urine. 

If  urine  is  treated  with  soda  or  potash,  the  characteristic  absorption-band  lying  between  h  xai 
F.  passes  nearer  to  b,  becomes  darker  and  more  sharply  defined.  According  to  Hoppe-Seykr. 
urobilin  is  formed  in  urine  after  it  is  voided,  firom  another  urobilin- forming  body  (Jaffa's  ^opy 
mogen)  absorbing  oxygen.  If  urine  containing  urobilin  be  made  alkaline  with  ammonia,  la^ 
zinc  chloride  be  added,  it  exhibits  marked  fluorescence  ;  it  has  a  green  shimmer  by  refiede^^ 
light.  When  urobilin  is  isolatedy  it  fluoresces  without  the  addition  of  zinc  chloride.  In  casa 
of  jaundice  (J  180),  where  Gmelin's  test  sometimes  fails  to  reveal  the  presence  of  bile-pigments. 
urci>ilin  occurs.  This  '*  urobilin-icterus  *'  {Gerhardt)  occurs  chiefly  after  the  absorptkn  ai 
large  extravasations  of  blood.  According  to  Cazeneuve,  the  urobilin  is  increased  in  all  ifiseasei 
where  there  is  increased  disintegration  of  colored  blood-corpuscles. 

2.  Urochrome  was  r^arded  (  Thudichum)  as  the  chief  coloring-matter  of  urine.  It  ntay  be 
isolated  in  the  form  of  yellow  scales,  soluble  in  water,  and  in  dilute  acids  and  alkalies.  [It  *t^ 
possibly  impure  urobilin.]  The  watery  solution  oxidizes,  and  when  ex[x>sed  to  air  becomes  red. 
owing  to  the  fonnation  of  uroerythrin.  When  acted  on  by  acids,  new  decomposition-pnxiKts 
are  formed,  e.  g.^  uromelanin.     Uroerythrin  gives  the  red  color  to  deposits  of  urates  (|  25S), 

3.  A  brown  pigment  containing  iron  is  carried  down  with  uric  acid,  which  is  precipit^ed  cc 
the  addition  of  hydrochloric  acid  (§  258).  By  repeatedly  adding  sodic  urate  to  the  inicf> 
and  precipitating  the  uric  acid  by  hydrochloric  acid,  a  considerable  amount  may  be 
(^Kunket). 

4.  Urine  boiled  with  HCl  yields  a  garnet-red  crystalline  pigment,  urorubin,  to  ether. 
In  cases  of  melanotic  tumors,  there  has  been  occasionally  observed  urine,  which 

dark,  owing  to  melanin  (J  250,  4),  or  to  a  coloring-matter  containing  iron  {ICunkef)^ 
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262.  INDIGO,  PHENOL,  KRESOL,  PYROKATECHIN,  AND 
SKATOL- FORMING  SUBSTANCES.— i.  Indican.    [C8H,NSOJ, 

or  indigo-forming  substance  (JSchunck)^  is  derived  from  indol,  CgH^N,  the  basis 
of  indigo,  which  is  formed  in  the  intestine  by  the  pancreatic  digestion  of  pro- 
teids  (§  170,  II),  but  it  also  arises  as  a  putrefactive  product  (§  184,  III). 
Indol,  when  united  with  the  radical  of  sulphuric  acid,  HSO,,  and  combined 
^th  potassium,  forms  the  so-called  indigogen  or  indican  of  urine  {Brieger, 
Baumann).  This  substance  (C8H8NS04K  =  potassium  indoxyl-sulphate)  forms 
white  glancing  tablets  and  plates ;  readily  soluble  in  water  and  less  so  in  alcohol. 
By  oxidation  it  forms  indigo-blue ;  2  indican  +  02  =  CieHjoNgOj  (indigo-blue) 
+  2HKSO4  (acid  potassic  sulphate).  It  is  more  abundant  in  the  urine  in  the 
tropics,  and  it  is  absent  from  the  urine  of  the  newly-born  {Senator),  [The 
indigo  in  the  animal  body  is  derived  from  indol,  the  basis  of  the  indigo  group. 
Indol  is  formed  in  the  intestine  by  the  bacterial  putrefaction  of  proteids,  and 
when  absorbed  it  is  oxidized  into  indoxyl — 

CsH.N  +  O  =  CsHe(OH)  N 

Indol  Indoxyl 

Tests. — ( i)  Add  to  40  drops  of  urine,  3  to  4  c.c.  of  strong  fuming  hydrochloric  acid,  and  2 
to  3  drops  of  nitric  acid.  Boil»  a  violet-red  color  with  the  deposition  of  true  crystalline  indigo- 
bbte  (rhombic)  and  indigo-red  attests  its  presence.  Putrefaction  causes  a  similar  decomposition 
in  indican;  hence,  we  not  unfirequently  observe  a  bluish-red  pellicle  of  microscopic  crystals 
oi  indigo-blue,  or  even  a  precipitate  of  the  same.  (2)  Mix  in  a  beaker  equal  quantities  of  urine 
and  hydrochloric  acid,  and  add  two  drops  of  solution  of  chloride  of  lime ;  the  mixture  at  first 
becomes  clear,  then  blue  i^Jaffi).  Add  chloroform,  and  shake  the  mixture  vigorously  for  some 
dme ;  the  chloroform  dissolves  the  blue  coloring-matter,  which  is  obtained  as  a  deposit,  when 
the  diloroform  evaporates  {Senator ^  Salkowski).  [What  happens  in  this  case  is  that  the  indigo 
exists  in  arine  as  a  colorless  combination — indoxyl-sulphate  of  potash,  the  conjugated  sulphuric 
add  is  split  up,  and  the  indoxyl  is  oxidized  into  indigo^ 

2C8HeNKSO,  -f  O,  =  C,.H,eNA  +  2HKSO,] 
Indoxyl  sulphate  of  potash.      Indigo  blue. 

(3)  Heat  to  70°  one  part  of  urine  with  two  parts  of  nitric  acid,  and  shake  up  with  chloroform ; 
the  chloroform  dissolves  the  indigo  which  is  formed,  assumes  a  violet  color,  and  gives  an  absorp* 
tioa  band  between  C  and  D,  slightly  nearer  D  {ffoppe-Seyler), 

Quantity. — Jaff^g  found  in  1500  c.c.  of  normal  human  urine,  4.5  to  19.5  milligrams  of  indigo; 
horse's  urine  contains  23  times  as  much.  The  subcutaneous  injection  of  indol  increases  the 
indican  in  the  urine  {Jaffi).  £.  Ludwig  obtained  indican  by  heating  hsematin  or  urobilin  with 
a  caustic  alkali  and  zinc  dust     It  has  also  been  found  in  the  sweat  ({  286)  (Bizio), 

Patbological. — The  indican  in  the  urine  b  increased  when  much  indol  is  formed  in  the 
intestine  ({  170,  II),  e.  g.,  in  typhus,  lead  colic,  trichinosis,  catarrh  and  hemorrhage  of  the 
stomach,  cholera,  carcinoma  of  the  liver  and  stomach;  obstruction  of  the  bowels  or  ileus, 
peritonitis,  and  diseases  of  the  small  intestine.  [It  is  a  fact  of  some  practical  importance  that 
a  large  quantity  of  the  indoxyl  compound,  indican,  is  found  in  the  urine  in  intestinal  obstruction. 
It  is  increased  afVer  ligature  of  the  small,  but  not  the  large,  intestine  in  dogs.  This  is  due  to  the 
putrefaction  of  the  albumin  in  the  intestine  yielding  indol.  In  man  it  is  increased  in  obstruction 
of  the  small,  but  not  of  the  large,  gut.] 

2.  Phenol,  CfHeO  (carbolic  acid,  §  252,  IV),  was  discovered  by  Stadeler 
in  hunaan  urine  (more  abundant  in  horse's  urine).  It  does  not  occur  as 
carbolic  acid,  but  in  combination  with  a  substance  from  which  it  is  separated 
by  distillation  with  dilute  mineral  acids.  The  **  phenol-forming  substance  **  is, 
according  to  Baumann,  '*  phenolsulphuric  acid"  (CeHtO,  SOgH),  which 
in  urine  is  united  with  potash  [/.^.,  as  phenol-sulphate  of  potassium, 
CJtl^O  .  SO,K.] 

Phenol  is  derived  from  the  decomposition  of  proteids  by  pancreatic  digestion  (J  170,  II),  and 
also  6rxmi  putrefaction  ({  184,  III),  the  mother-substance  being  tyrosin.  Hence,  the  formation  of 
phenolsalphuric  acid  is  analc^us  to  the  formation  of  indican. 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenobulphuric  acid  becomes  greatly 
increased  in  amount,  so  that  sulphuric  acid  must  be  united  with  it ;  hence,  alkaline  sulphates  are 
decomposed  in  the  body,  so  that  the  latter  may  be  absent  from  the  urine  (Baumann),    Living 
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muscle  or  liver,  when  digested  in  a  stream  of  air  for  several  hours  with  blood  to  which  pheool 
and  sodic  sulphate  are  added,  yields  phenolsulphuric  acid ;  while,  under  the  same  circumstances, 
pyrokatechin  forms  ethersulphuric  acid. 

Carboluria. — When  carbolic  acid  is  used  externally  or  internally,  and  it  is  absorbed,  it  causes 
^  deep  dark- colored  ^XMt  due  to  the  oxidation  of  phenol  into  p3rrocatechin  and  hydroquiDon 
forthobioxy benzol  =:  CgH^O,),  which  for  the  first  part  appears  in  the  urine  as  ethersulphuric  acid 
\Baumann  and  others).  [These  substances  in  an  alkaline  urine  become  brown  00  exposure  to 
air,  and  produce  the.  dark  color  of  the  urine  in  so-called  carboluria.] 

3.  Parakresol  (CtHsO),  (hydroxy Itoluol,  with  its  isomers  ortho-  and 
meta-kresol  (the  latter  in  traces),  is  more  abundant  in  urine  (^Baumann, 
Preusse),  It  also  occurs  in  conjugation  with  sulphuric  acid.  [It  occurs  as 
kresol  sulphate  of  potassium,  QH^O  .  SOsK.] 

Test  for  phenol. — (and  also  kresol) : — Distil  150  c.c.  urine  with  dilute  sulphuric  acid.  The 
distillate  gives  a  brown  crystalline  deposit  of  tribromophenol  with  bromine  water,  as  well  as  a 
red  color  with  M illon's  reagent. 

Hydroxybenzol  (pyrokatechin,  hydroquinon)  is  obtained  from  urine  when  it  is  heated  for  a 
long  time  with  hydrochloric  acid. 

Resorcin,  which  is  an  isomer  of  hydroquinon,  when  administered  internally,  also  appears  in 
the  urine  as  ethersulphuric  acid.  Toluol  and  naphthalin  behave  similarly.  Benzol  is  oxidixcd 
to  phenol. 

4.  Pyrokatechin  or  Katechol,  CeHeO,(metadihydroxylbenzol),  is  formed 
along  with  hydroquinon  from  phenol,  and  is  an  isomer  of  the  former.  It  be- 
haves like  indol  and  phenol,  for  when  united  with  sulphuric  acid,  it  yields  the 
pyrokatechin-forming  substance.  Small  quantities  sometimes  occur  in  human 
urine ;  it  is  more  abundant  in  the  urine  of  children  ;  it  becomes  darker  when 
the  urine  putrefies. 

5.  Skatol  [C8He(CH,)N  (methyl-indol)],  which  is  crystalline,  and  is  formed 
during  putrefaction  in  the  intestine,  also  appears  in  the  urine  as  a  compound  of 
sulphuric  acid  (§  252),  [/./.,  as  skatoxyl -sulphate  of  potassium,  C^HgNO  .  • 
SOsK].  On  feeding  a  dog  with  skatol,  Brieger  found  much  potassic  skatol* 
oxy-sulphate. 

Test. — SkatoT  compounds  are  recognized  by  adding  dilute  nitric  acid,  which  causes  a  violet 
color,  or  fuming  nitric  acid,  which  precipitates  red  flakes  {^Nencki).  Its  quantity  is  regulated 
by  the  same  conditions  as  indican. 

[It  is  important  to  notice  that  the  aromatic  combinations  present  in  the  urine 
occur  as  conjugated  sulphuric  acid  compounds,  /.^.,  as  ethereal  sul- 
phates. Indol,  phenol,  and  skatol,  derived  from  the  putrefactive  decomposi- 
tion of  proteids  in  the  intestine,  must  somewhere  after  absorption  unite  with 
sulphuric  acid — probably  in  the  liver — to  form  these  com{>ounds,  1.^.,  that  in 
the  liver  poisonous  compounds  are  converted  into  innocuous  ones  (p.  33 2I. 
Baumann  has  shown  that  if  the  intestine  be  disinfected,  the  conjugated  sulphuric 
acid  disappears  from  the  urine.] 

The  aromatic  oxyacids,  hydroparacumanc  acid,  and  paraoxyphenylacetic  acid  (the 
former  a  putrefactive  product  of  flesh,  the  latter  obtained  by  E.  and  H.  Salkowski  from  potri-d 
sdbumin)  occur  in  the  urine  (Baumann^  J  252).  Test. — Shake  the  urine  treated  with  1 
mineral  acid  with  ether,  evaporate  the  latter,  and  dissolve  the  residue  in  water.  If  aromatic 
oxyacids  are  present,  they  give  a  red  color  with  Millon's  reagent. 

Baumann  gives  the  following  series  of  bodies,  which  are  formed  from  tyrosin  by  decomposi- 
tion and  oxidation;  most  of  the  substances  are  formed  both  during  the  decomposition  of  albumin, 
and  also  in  the  intestine,  whence  they  pass  into  the  urine: — Tyrosin,  C^H^NO, -f- H,= 
CjHjqOj  (hydroparacumaric  acid )  -+-  N H3.  C^Hj^Oj  =  CgHj^O  (paraethylphenol,  not  )ct  }»OTed^ 
4-  CO,.  CM^fi  -f  Og  =  CgHgO,  (paraoxyphenylacetic  acid)  -f  H,0.  CgHgO,  =  C^HgO  (para- 
kresol) -f  CO,.  C^HgO  -f  Oj  =  C^HjO,  (paroxybcnzoic  acid,  not  yet  proved)  -f  H,0.  C,H/),= 
CjH,0  (phenol  -f  CO,. 

Potassium  sulphocyanide,  or  thio-cyanate,  derived  from  the  saliva, 
also  occurs  in  urine.     [It  passes  into  the  intestine,  is  absorbed  into  the  blood. 
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and  is  excreted  in  the  urine.]  After  acidulation  with  hydrochloric  acid,  its 
presence  may  be  detected  by  the  ferric  chloride  test  (§  146 — Gscheidlen  and  J, 
Munk),  One  litre  of  human  urine  contains  0.02  to  0.08  gram  combined  with 
an  alkali. 

Succinic  acid  (C4H.O4)  occurs  chiefly  after  a  diet  of  flesh  and  fat,  and  almost  disappears 
after  a  vegetable  diet,  ft  is  a  decomposition-product  of  asparagin,  and  occurs  in  considerable 
amount  in  the  urine  after  eating  asparagus.  It  is  also  a  product  of  the  alcoholic  fermentation 
{\  150),  and  as  it  passes  out  of  the  body  unchanged,  it  occurs  in  the  urine  of  those  who  imbibe 
spirituous  liquors.     It  passes  unchanged  into  the  urine  (^Neubauer\ 

Lactic  acid  (C,HfO,)  is  a  constant  constituent  of  urine.  Some  observers  have  found  fer- 
mentable lactic  acid  in  diabetic  urine ;  sarcolactic  acid  after  poisoning  with  phosphorus  and  in 
trichinosis.  Occasionally  traces  of  volatile  fatty  acids  are  present.  Some  animal  gum  occurs 
in  urine  (p.  488),  and  Bechamp's  "  nephrozymose  "  consists  for  the  most  part  of  gum  {Land- 
wehr).  This  substance  is  precipitated  fi-om  urine  by  adding  to  it  three  times  its  volume  of  90 
per  cent,  alcohol.  It  is  not  a  simple  body,  but  at  60^  to  70°  C.  it  transforms  starch  into  sugar 
[V.  Vinischgau), 

Ferments. — Traces  of  diastatic,  peptic,  and  rennet  ferment  have 
been  found,  especially  in  urine  of  high  specific  gravity.  [Fibrin  placed  in 
urine  absorbs  the  ferments.]    Trypsin  is  said  not  to  occur  normally  (Leo,) 

Traces  of  sugar  [i.e.,  dextrose]  (Brdcke,  Bence  Jones) ^  to  the  amount  of  0.05  to  0.0 1  per 
cent.,  occur  in  normal  urine.  [Bunge  doubts  the  occurrence  of  sugar  and  lactic  acid  in  normal 
urine.]  After  the  ingestion  of  milk-,  cane-,  or  grape-sugar  (50  grms.)  these  varieties  of  sugar 
appear  in  small  quantity  in  the  urine  (  Worm-MiklUr — J  267,  7). 

Kryptophanic  acid  (CjHgNOg),  according  to  Thudichum,  occurs  as  a  free  acid  in  urine,  but 
Landwefar  regards  it  as  an  animal  gum. 

Reducing  substances. — Substances  which  give  Trommer's  test  always 
occur  in  the  urine.  Normal  human  urine  reduces  cupric  salts,  like  a  0.15-0.25 
solution  of  grape-sugar  (more  in  fever.)  About  ^  of  these  substances  seem  to 
be  compounds  of  glycuronic  acid  (§  275),  and  \  is  due  to  uric  acid  and 
kreatinin  {Fluckiger), 

Aceton  (C^H^O)  is  formed  when  normal  urine  is  oxidized  with  potassic  bichromate  and  sul- 
phuric acid,  and  it  is  formed  from  a  reducing  substance  present  in  normal  urine  (apparently 
derived  from  the  grape-sugar  of  the  blood).  Aceton  occurs  in  traces  as  a  normal  urinary  con- 
stituent, which  is  increased  during  increased  metabolism  of  the  tissues,  e,g.^  carcinoma,  inanition. 
It  has  also  been  found  in  the  blood  in  fever  {y.  JakscK).  Lieben's  Test. — Acidulate  half  a 
litre  of  urine  with  HCl  and  distil ;  when  treated  with  tincture  of  iodine  and  ammonia  there  is  a 
turbidity  due  to  iodoform  (p.  530). 

II.  THE  INORGANIC  CONSTITUENTS  OF  THE  URINE. 

— The  inorganic  constituents  are  either  taken  into  the  body  as  such  with  the 
food  and  pass  off  unchanged  in  the  urine,  or  they  are  formed  in  the  body, 
owing  to  the  sulphur  and  phosphorus  of  the  food  being  oxidized  and  the  pro- 
ducts uniting  with  bases  to  form  salts.  The  quantity  of  salts  excreted  daily 
in  the  urine  is  9  to  25  grams  \}^  to  J^  oz.]. 

Sodic  chloride — to  the  amount  of  12  (lo  to  13)  grams  [180  grains] — is 
excreted  daily.  It  is  increased,  after  a  meal,  by  muscular  exercise,  drinlcing 
of  water,  and  generally  when  the  quantity  of  urine  is  increased,  by  the  free  use 
of  large  quantities  of  common  salt,  and  by  potash  salts  also ;  it  is  diminished 
under  the  opposite  conditions. 

In  disease  it  is  greatly  diminished  ;  in  pneumonia  and  other  inflammations  accompanied  by 
effdsionSy  in  continued  diarrhoea  and  profuse  sweating,  constantly  in  albuminuria  and  in  dropsies. 
[In  cases  of  pneumonia,  sodic  chloride  may  at  a  certain  stage  almost  disappear  from  the  urine  : — 
e.g.^  to  I  or  2  grams — at  the  crisis  8  grams,  and  the  day  after  16  grams — and  it  is  a  good  sign 
when  the  chlorides  begin  to  reappear.]  In  other  chronic  diseases,  the  amount  of  NaCI  excreted 
runs  nearly  parallel  with  the  amount  of  urine  passed.  In  conditions  of  excitement  the  amount  of 
sodic  chloride  is  diminished,  and  potassic  chloride  increased ;  in  conditions  of  depression  the 
rcrersc  is  the  case  (Zeu/zer), 

Tests  for  Chlorides. — Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which 
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gives  a  white  curdy  precipitate  of  chloride  of  silver.  In  albuminous  urine  the  albumin  mnst 
first  be  removed.  Microscopically  look  for  the  step-like  forms  of  common  salt,  and  also  for  the 
cr3rstals  of  sodic  chloride  and  urea  ({  256,  4]. 

[Estimation  of  Chlorides  (Volhard's  method).— (i)  A  S.S.  (z.^--,  a 
standard  solution)  of  silver  nitrate  is  prepared  so  that  i  c.c.  =:  .010  gnn.  NaCl 
or  .006  of  CI.  It  is  placed  in  a  burette.  (2)  A  10  per  cent,  solution  of  neu- 
tral chromate  of  potash  is  used  as  the  indicator. 

Place  2  C.C.  of  urine  in  a  glass,  add  a  few  drops  of  (2),  and  drop  in  (i)  fix>m  a  burette  =  a 
red  precipitate  of  chromate  of  silver,  which  disappears  on  shaking,  giving  place  to  a  white  pre- 
cipitate of  silver  chloride.  Add  S.S.  until  the  fluid  in  daylight  retains  a  red  color  (not  Ofrange;, 
t.  e.^  until  all  the  chlorine  has  been  precipitated,  which  is  indicated  by  the  persistence  of  the  red 
color  of  the  chromate  of  silver.  Read  off  the  number  of  c.c.  of  the  S.S.  used.  Multiplj  the 
number  of  c.c.  of  urine  passed  by  the  number  of  c.c.  of  S.S.  used  and  divide  by  200.  appose 
a  person  passed  2000  c.c.  of  urine  in  24  hours  and  2  c.c.  of  the  S.S.  were  required  to  obtain  the 

2000  X  2 
reaction,  then  —         -  =  20  grams  of  NaCl. 

Mohr's  Method. — This  simple  method  gives  approximate  results.  Dilute  10  c.c  of  urine 
with  water  to  100  c.c;  neutralize  with  carbonate  of  soda,  add  3  drops  of  a  concentrated  solotiofi 
of  potassic  chromate.  Drop  in  from  a  burette  a  S.S.  of  silver  nitrate  (14.53  gnus,  to  500  cc. 
water),  until  on  stirring  a  red  color  persists.  Every  c.c.  of  the  S.S.  =  10  milligrams  of  NaQ 
or  .00607  gram  of  chlorine. 

2.  Phosphoric  acid  occurs  in  urine  [in  the  form  of  two  classes  of  phos- 
phates,— (i)  Alkaline  phosphates]  as  acid  sodic  phosphate,  acid  po- 
tassic phosphate,  and  (2)  Earthy  phosphates, — acid  calcic  and  mag- 
nesic  phosphates  to  the  amount  of  about  2  grams  daily  [30  grains3  >  ^^  ^ 
more  abundant  after  an  animal  than  after  a  vegetable  diet.  The  amoont 
increases  after  a  mid-day  meal  until  evening,  and  falls  during  the  night  until 
next  day  at  noon.  It  is  partly  derived  from  the  alkaline  and  earthy  phosphates 
of  the  food,  and  partly  as  a  decomposition-product  of  lecithin  and  nuclein. 
As  phosphorus  is  an  important  constituent  of  the  nervous  system,  the  relative 
increase  of  phosphoric  acid  is  due  to  increased  metabolism  of  the  nervous  sub- 
stance. 

Pathological. — In  fevers,  the  increased  excretion  of  potassic  phosphate  b  dne  to  a  coosomp- 
tion  of  blood  and  muscle  (J  220,  3).  It  is  also  increased  in  inflammation  of  the  brain,  soften- 
ing of  the  bones,  diabetes,  and  oxalnria ;  after  the  administration  of  lactic  add,  morphia,  clilofB], 
or  chloroform.  It  is  diminished  during  pregnancy,  owing  to  the  formation  of  the  foetal 
also  after  the  use  of  ether  and  alcohol,  and  in  inflammation  of  the  kidney. 

[Tests. — To  urine  add  nitric  acid  and  solution  of  ammonium  molybdate  and  boil,  a 
yellow  precipitate  of  ammonium  phosphomolybdate  indicates  the  presence  of  phosphoric  waA^ 
Or,  add  half  its  volume  of  caustic  potal^h  to  urine,  and  boil.  The  earthy  phosphates  are  predpi- 
tated,  but  not  the  alkaline  phosphates.] 

Earthy  phosphates  are  precipitated  by  heat  in  some  pathological  urines. 
This  precipitate  is  distinguished  from  albumin,  which  is  also  precipitated  by 
heat,  by  being  soluble  in  nitric  acid,  which  precipitated  albumin  is  not.  [The 
earthy  phosphates  are  not  precipitated  until  near  the  boiling  point.] 

[Quantitative  Estimation  of  Phosphoric  Acid. — The  amount  of  phosphoric  add  is  esti- 
mated by  titration  with  a  standard  solution  of  uranium  acetate  ;  ferrocyanuie  of  poiassimm 
being  the  indicator.  The  indicator  gives  a  brownish-red  color  when  there  is  an  excess  of  free 
uranium  acetate. 

Place  50  c.c.  of  filtered  urine  in  a  beaker,  add  to  it  5  c.c.  of  a  solution  of  sodic  acetate  (con- 
taining 100  grams  of  sodic  acetate  and  100  c.c.  of  acetic  acid  in  i  litre  of  water).  In  a  barette 
place  a  S.S.  of  uranium  acetate  which  is  previously  titrated  to  such  a  strength  that  I  cc  = 
.005  grm.  phosphoric  acid.  Drop  in  the  standard  solution,  until  a  drop  of  the  mixture  §:ivcs  a 
faint  brown  color  with  a  drop  of  the  indicator  (ferrocyanide  of  potassium).  This  u  done  ca  a 
porcelain  slab.  Boil  and  test  again.  If  necessary,  add  a  few  more  drops  of  the  S.S.  until  the 
brown  color  reappears.  Read  off  the  c.c.  of  the  S.S.  used.  Suppose  17  cc.  of  the  S.S.  are 
used,  then  .005  x  17  =  .085  grm.  phosphoric  acid  in  50  c.c.  urine.  Suppose  a  patient  passes 
1250  c.c.  urine  in  24  hours,  then  50  :  1250  :  :  .085  :  x)  — 

1250  X  .085 

^ =2.12  grams  of  phosphonc  acid  passed  in  24  hours.] 
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Id  addition  to  phosphoric  acid,  phosphorus  occurs  in  an  incompletely  oxidized  form  in  the 
urine,  ^.^.,  glycero-phosphoric  acid  [CgH^PO-]  (§  251,  2),  which  occurs  to  the  amount  of 
15  milligrams  in  a  litre  of  urine;  it  is  increased  in  nervous  diseases  and  after  chloroform 
narcosis. 

3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination 
with  the  alkalies  [/'.  <f.,  as  pre-formed  or  combined  sulphuric  acid],  and 
the  remainder  united  with  indol,  skatol,  and  pyrokatechin,  in  the  form  of  aro- 
matic ether-sulphuric  compounds,  /'.  <f.,  as  conjugated  sulphuric  acid 
(p.  515),  [forming  the  ethereal  sulphates],  the  ratio  being  i  :  0.1045.  All 
conditions  which  favor  the  formation  of  indol,  skatol,  or  pyrokatechin  increase 
the  amount  of  combined  or  conjugated  sulphuric  acid.  The  total  daily 
amount  of  sulphuric  acid  is  2.5  to  3.5  grams  [37  to  52  grains].  It  is  increased 
by  the  administration  of  sulphur  {Krause).  The  sulphuric  acid  is  chiefly  de- 
rived from  the  decomposition  of  proteids,  and  hence  its  amount  runs  parallel 
with  the  amount  of  urea  excreted.  The  amount  of  alkaline  sulphates  in  the 
food  is,  as  a  rule,  very  small. 

Test  for  Sulphuric  Acid. — Barium  chloride  gives  a  copious  white  heavy  precipitate  of 
barium  sulphate,  insoluble  in  nitric  acid. 

An  increased  excretion  of  sulphuric  acid  in  fevers  indicates  an  increased  metabolism  of  the 
tissues  of  the  body.  In  renal  inflammation  it  has  been  observed  to  be  diminished,  and  in  eczema 
it  is  greatly  increased.  Feeding  with  taurin  (which  contains  sulphur),  in  the  case  of  rabbits  (but 
not  in  camivora  or  man),  increases  the  sulphuric  acid  in  the  urine  {Salkowski).  According  to 
ZSlzer,  ft  copious  secretion  of  bile  lessens  the  relative  amount  of  sulphuric  acid  in  the  urine. 

In  addition  to  sulphuric  acid,  sulphur  (\)  occurs  in  an  incompletely  oxidized  form  in  the  urine 
(potassium  sulphocyanide,  cystin,  and  sulphur-bearing  compounds  derived  from  the  bile)  (Kunkel^ 
V,  Voit — I  177,  6).  Hyposulphurous  acid,  as  an  alkaline  salt,  is  an  abnormal  constituent  in 
typhus ;  and  so  b  sulphuretted  hydrogen,  which  is  recognized  by  the  blackening  of  a  piece  of 
paper  moistened  with  lead  acetate  and  ammonia,  held  over  the  urine. 

Quantitfttive  Estimation  of  Sulphuric  Acid. — Acidulate  strongly  with  acetic  acid  50  c.c. 
of  urine  and  add  to  it  an  equal  volume  of  water  and  barium  chloride.  After  being  heated  for 
an  hour  or  so  in  the  water-bath,  the  precipitate  falls  and  is  then  collected  on  a  filter,  and  washed 
with  wafer,  then  wiih  dilute  HCl,  and  again  with  water.  The  baric  sulphate  purified  in  this  way 
is  then  burned  and  weighed.  It  contains  all  the  sulphuric  acid  which  formed  .salts,  r.  e.y  all  the 
combined  sulphuric  acid. 

The  filtrate  and  the  washings  obtained  after  the  above  process  contain  the  sulphuric  acid  com- 
bined with  organic  bodies.  The  filtrate  and  washing  are  mixed,  to  them  is  added  ^  of  its 
volume  of  HCl,  and  the  whole  is  heated  for  some  time.  Barium  sulphate  and  a  resinous  sub- 
stance separate  out.  Filter,  dissolve  and  wash  the  resinous  substance  off  the  filter  with  hot  alco- 
hol, then  wrash  with  hot  water,  dry,  and  bum  the  deposit ;  i  part  barium  sulphate  corresponds  to 
0.3433  H,SO^. 

[It  is  important  to  notice  that  sulphur  occurs  in  several  combinations  in 
urine,  as  the  ordinary  bibasic  salts  and  the  monobasic  conjugated  sulphuric 
acid.  The  latter  forms  about  one-tenth  of  the  average  amount  of  ordinary  sul* 
phuric  acid.  The  ordinary  sulphates  are  precipitated,  after  acidulation,  by  a 
soluble  barium  salt  (see  above).  The  filtrate  still  contains  conjugated  sulphuric 
acid.  Add  hydrochloric  acid  to  the  filtrate  and  boil ;  the  conjugated  sul- 
phuric acids  are  broken  up  and  may  also  be  precipitated  as  a  salt  of  barium. 
The  filtrate  from  this  still  contains  some  sulphur  organically  combined.  Under 
certain  circumstances  cystin  and  sulphocyanides  both  containing  sulphur  occur 
in  the  urine.] 

4.  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from 
drinking  water  have  been  found  in  urine.  Organic  acids^  ^.  ^.>  citric  and  tar- 
taric, when  taken  internally,  increase  the  amount  of  carbonates  in  the  urine. 
The  urine  may  effervesce  on  the  addition  of  an  acid. 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part 
of  it  is  united  with  phosphoric  and  uric  acids ;  potassium  (which  is  about  ^ 
of  the  sodium)  is  chiefly  combined  with  chlorine.  In  fevers,  more  potash  is 
excreted  than  soda,  and  during  convalescence  the  reverse  is  the  case ;  calcium 
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and  magnesium  exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates. 
If  the  urine  is  neutral,  neutral  calcium  phosphate  and  magnesium  phosphate 
are  precipitated.  Ebstein  found  the  latter  in  alkaline  urine,  as  large,  clear  four- 
sided  prisms,  in  diseases  of  the  stomach.  If  the  urine  is  alkaline,  calciani 
carbonate  (fig.  338)  and  tribasic  calcic  phosphate  are  deposited  as  such,  while 
the  magnesium  is  precipitated  in  the  form  of  aramonio-magnesium  phosphate 
or  triple  phosphate.  The  calcium  is  derived  from  the  food,  and  depends  upon 
the  amount  of  lime  salts  absorbed  from  the  intestine.  Free  ammonia  is  said 
to  occur  (0.72  gram  or  7  grains  daily)  in  perfectly  fresh  urine  {Neubauir, 
Briicke),  and  the  amount  is  greater  with  an  animal  than  with  a  vegetable  diet 
{^Coranda).  The  amount  of  fixed  ammonia  is  increased  by  the  administration 
of  mineral  acids  {  Wj/fif,  Schmiedeberg,  GSthgens).  Iron  (i  to  11  milligrams 
per  litre)  is  never  absent.  There  is  a  trace  of  hydric  peroxide  (ScASnian), 
which  is  detected  by  its  decolorizing  indigo -solution  on  the  addition  of  iron 
sulphate. 

Gases. — 24.4  c.c.  of  gas  was  obtained  from  one  litre  of  urine — 100  volumes 
of  the  gases  pumped  out  consisted 
of  65.40  vol.  CO,,  2.74  O,  13.86 
N.  After  severe  muscular  action, 
theamountofCOginaybedouUed; 
digestion  also  increases  it,  copions 
t  drinking  diminishes  it. 

363.'  FERMENTATIONS 
OF  URINE.— Acid  FermcD- 
tation.  —  When  perfectly  fresh 
urine  is  set  aside,  it  gradually  be- 
comes more  acid  from  day  to  daj. 
This  is  called  the  "  acid  fermen- 
tation." It  seems  to  be  due  10 
the  development  of  special  fungi 
(fig.  316,  a),  and  the  process  is 
accompanied  by  the  deposition  of 
Fig,  316.  wr/V  aa'ii  (c),  aciii  sodium   uratt. 

Deposit  in  "  odd  fernKM.tioD  ■'  of  urine,  a,  fungus ;  '"  amorphous  grains  {ff),  and  cal- 
*,  amorphous  sodium  urate;  f,  uric  acid;  n',  calcium  "«"«  oxalate  (rf).  According  to 
oxalate.  Soberer,  the  fungus  and  the  mucus 

from  the  bladder  decompose  part 
of  the  urinary  pigment  into  lactic  and  acetic  acids.  The  latter  sets  free  uric 
acid  from  neutral  sodium  urate,  so  that  free  uric  acid  and  sodium  urate  must  be 
formed.  Butyric  imA  formic  adds  have  been  found  as  abnormal  decomposition- 
products  of  other  urinary  constituents.  When  the  acid  fermentation  begins, 
the  urine  absorbs  oxygen  {Pasteur').  According  to  Briicke,  it  is  the  lactic  acid, 
formed  from  the  minute  traces  of  sugar  present  in  urine,  which  causes  the 
acidity.  According  to  Rohmann,  who  recognizes  the  acid  fermentation  ftsas 
exceptional  phenomenon,  the  acids  are  formed  from  the  decomposition  of 
sugar,  and  from  alcohol  which  may  be  present  accidentally.  While  the  nrioe 
is  still  acid,  it  becomes  turbid  and  contains  nitrous  acid,  whose  source  is  entirdj 
unknown.  According  to  v.  Voit  and  Hofmann,  phosphoric  acid  and  a  Ittsic 
salt  are  formed  from  acid  sodium  phosphate,  whereby  part  of  the  uric  acid  is 
displaced  from  sodium  urate,  thus  causing  the  formation  of  an  acid  urate. 

Alkaline  Fermentation. — When  urine  is  exposed  for  a  still  longer  time, 
more  especially  in  a  warm  place,  it  becomes  neutral  and  ultimately  ammoniacal, 
/.  e.,  it  undergoes  the  alkaline  fermentation  (fig.  317). 

This  condition  is  accompanied  by  the  formation  of  the  microccocus  ures 
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(fig-   3«7)  {Pasleur,  Cohri),  and  Bacterium  uresc  (figs.  317,  318),  which 
causes  the  urea  to  take  tip  water,  and  decompose  into  CO,  and  ammoDia. 

[CON,H.  +  aH,0  =  (NH,),CO,]. 

1  beloi^E  to  many  kinds  of  bacleris,  including  even  Ihe  sac- 
n  to  be  aniversnliy  diffused  in  the  air.  These  organisms  pro- 
duce a  soluble  fermeiit  {^Musculus),  which, 
however,  oniy  passes  from  the  body  of  the 
cells  into  Ifae  fluid  after  the  cell  or  oiganism 
has  been  killed  by  alcohol  (Lta). 

The  presence  ofamtnonia  causes  the 
urine  to  become  lurbid,  and  those 
substances  which  are  insoluble  in  an 
alkaline  urine  are  precipitated — 
earthy  phosphates,  consisting  of 
the  amorphous  calcic  phosphate. 


Fig.  317.  Fig.  318. 

DqxMii  io  ammoniacat  urine  (alkaline  fermeoia-  Micrococcus  ar«e. 

magnesiuoi  phosphate;  r,  bacterium  areEC. 

acid  ammoniuni  urate  (fig.  316,  a),  in  the  form  of  small  dark  granules  cov- 
ered with  spines;  and,  lastly,  the  large  clear  knife-rest  or  "coffin-lid  "  form 
of  aimnonio-magnesic  phosphate,  or  triple  phosphate  (fig.  339)-  [The 
last  substance  does  not  exist  as  such  in  normal  urine,  but  it  is  formed  when  am- 
monia is  set  free  by  the  decomposition  of  urea,  the  ammonia  uniting  with  the 
magnesium  phosphate.  Its  presence  therefore  always  indicates  ammoniacal 
fermentatioD  of  the  urine.]  In  cases  of  catarrh  or  inflammation  of  the 
bladder,  this  decomposition  may  take  place  within  the  bladder,  when  the 
urine  always  contains  pus-cells  (fig.  323)  and  detached  epithelium.  When 
much  pus  is  present,  the  urine  contains  albumin.  Ammoniacal  urine  forms 
while  fumes  of  ammonium  chloride,  when  a  glass  rod  dipped  in  hydrochloric 
acid  is  brought  near  it.  [When  ammonia  is  added  to  normal  urine,  triple 
phosphate  is  precipitated  in  a  feathery  form  (fig.  341)-] 

[Significance  of  Triple  Pbospbate. — If  urine  be  alkaline  when  it  is  passed,  and  ibe  alka- 
linity be  due  10  ■  velatiU  alkali,  i.  c,  to  NH,,  then  decompoution  of  (he  urine  has  taken 
iJace,  and  this  kind  of  urine  ii  a  sure  sign  that  there  is  disease  of  the  genilo-urinaiy  mucous 
nonbranc.] 

264.  ALBUMIN  IN  URINE  OR  ALBUMINURIA.— Serum- 
ilbumin  is  the  most  important  abnormal  constituent  in  urine  which  engages 
the  attention  of  the  physician.  It  occurs  in  blood  (§  32),  and  its  characters 
ire  described  in  §  349.  [In  some  cases,  perhaps  in  most  cases,  serum-globulin 
s  present  along  with  serum-album  in.] 

Causes  of  Albuminuria.^!.  Serum-albumin  may  appear  in  urine  without  any  apparent 
naiomical  or  stmctural  change  of  the  renal  tissues.  This  condition  has  l>een  called  by  v. 
tamber^er  "  Hamalog/nous  albuminuria"  and  by  Leabe  "  physiological  albuminuria,"  although 
be  tatter  lerm  is  not  a  good  one.  It  occurs  l>ul  rarely,  however,  and  someliines  in  healthy 
idividual^  when  there  is  an  excess  of  albumin  in  the  btood-plasma  {e.  g.,  after  suppression  of 
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the  secretion  of  milk),  and  after  too  free  use  of  albuminous  food.  2.  As  a  resalt  of  tturuitd 
blood-pressure  in  the  renal  vessels,  e.  g.y  after  copious  drinking.  It  may  be  temporary  or  it  nuj 
be  persistent,  as  in  cases  of  congestion  following  heart  disease y  emphysema,  chronic  pletrntic 
eflfusions,  infiltrations  of  the  lun^s,  and  after  compression  of  the  chest,  causing  congestion  intbe 
pulmonary  circuit,  which  extends  even  into  the  renal  veins,  etc.  3.  After  section  or  paralysis 
of  the  vaso-motor  nerves  of  the  kidneys,  which  causes  great  congestion  of  these  ot^ans.  Tbe 
albuminuria,  which  accompanies  intense  and  long-continued  abdominal  pain,  is  brought  iboet 
owing  to  a  reBex  paralysis  of  the  renal  vessels.  4.  After  violent  muscular  exercise.  [Senator 
found  that  forced  marches  in  young  recruits  were  very  frequently  followed  by  the  appearance  o( 
albumin  in  the  urine,  which  persisted  for  several  days.]  Convulsive  disorders,  e.  jf.,  epilqisv, 
the  spasms  of  dyspnoea  after  strychnin  poisoning,  in  shock  of  the  brain,  apoplexy,  sptoal 
paralysis,  and  violent  emotions ;  the  excessive  use  of  morphia,  which  perhaps  acts  on  the  vaso- 
motor centres.  5.  It  may  accompany  many  acute  febrile  diseases,  e,  ^.,the  exanthemata  (scarlet 
fever),  typhus,  pneumonia,  and  pyaemia.  In  these  cases  it  may  be  due  to  the  inoene  of 
temperature  paralyzing  the  vessels,  but  more  probably  the  secretory  apparatus  of  the  kidne;  is 
so  changed  {e,  g.^  cloudy  swelling  of  the  renal  epithelium)  that  the  albumin  can  pass  tbroogb 
the  renal  membrane.  6.  Certain  d^enerations  and  inflammations  of  the  kidneys  at  sevenl  of 
their  stages.  7.  Inflammation  or  suppuration  in  the  ureter  or  urinary  passages.  8.  Ccxtun 
chemical  substances  which  irritate  the  renal  parenchyma,  e,  g,^  cantharides,  csutelic  add.  9. 
The  complete  withdrawal  of  common  salt  from  the  food.  The  albumin  disappears  when  tb« 
common  salt  is  given  again.  10.  The  epithelium  may  be  in  such  a  condition  that  it  canm^ 
retain  the  albumin  within  the  vessels^  due  to  imperfect  nourishment  and  functional  weakoes  of 
the  excretory  elements.  This  includes  the  albuminuria  of  ischxmia,  and  that  after  bemorrliage, 
in  anaemia,  scorbutus,  icterus,  diabetes.  [Grainger  Stewart  finds  that  albuminuria  is  more  cob- 
mon  among  presumably  healthy  people  than  was  formeriy  supposed.]  [ii.  Besides  the  experi- 
mental conditions  mentioned  above,  what  is  called  experimental  albuminuria  may  be  producel  bf 
pressure  on  the  renal  vein,  or  by  closing  the  renal  artery  for  a  short  time  and  then  removing  tb« 
obstruction  and  allowing  the  blood  to  circulate.] 

[Besides  being  derived  from  the  secreting  parenchyma  of  the  kidney,  albumin  may  be  prese:^ 
owing  to  admixture  with  the  secretions  from  any  part  of  the  urinary  tract,  including  the  vagmi 
and  uterus  in  the  female.  In  some  cases  the  transudation  of  albumin  is  favored  l^  changes  ic 
the  capillary  walls,  the  albumin  being  forced  through  by  the  intravascular  pressure.  SometiiMs 
albuminuria  occurs  during  the  course  of  severe  typhoid  fever,  and  in  acute  fevers  geoerallj. 
where  the  temperature  is  persbtently  above  40®  C.  (104°  F.).  The  high  temperature  ahen  tbe 
filtering  membrane  and  permits  the  filtration  of  albumin.] 

[So-called  Physiological  Albuminuria. — This  term  has  been  applied  to  that  coodiciao  d 
the  urine  where  traces  of  albumin  are  found  in  individuals  apparently  in  perfect  health.  JoIb»* 
son  and  Pavy  cite  such  cases,  while  Posner  asserts  that  all  urine— even  healthy  urine —cootaias 
traces  of  proteids,  whose  presence  is  ascertained  after  concentrating  the  urine.  It  is  sale  to 
a.ssume  that  normal  urine  should  give  no  reaction  with  the  usual  tests  for  albumin.  PVisoer  pre- 
cipitated the  urine  with  alcohol,  washed  the  precipitate,  dissolved  it  in  acetic  acid,  and  tested  k, 
with  the  ferrocyanide  test  for  albumin.  He  finds  that  minute  traces  of  proteid  are  detected  bf 
the  following  modification  of  the  biuret  test :  Make  the  urine  alkaline,  and  by  the  **  contact 
method "  bring  a  layer  of  very  dilute  cupric  sulphate  over  it ;  when  the  two  fluids  toocb,  t 
reddish -violet  ring  is  obtained.] 

The  tests  for  albumin  in  urine  depend  upon  the  facts  that  it  is  coagu- 
lated by  heat  in  neutral  or  acid  solutions,  and  it  is  precipitated  by  varioos 

reagents. 

[(i)  Heller's  Test.-vPlace  10  c.c.  of  the  urine  in  a  test-glass,  and  pour  in  pure  cokvkse 
HNO,  so  as  to  run  down  the  side  of  the  glass,  forming  a  layer  beneath  the  urine.  A  white  bom 
of  coagulated  albumin  indicates  the  presence  of  albumin.  In  thb  test  it  is  important  to  wait  a 
certain  time  for  the  development  of  the  reaction.  In  urines  of  high  qxcific  gravity,  a  hazioes  dee 
to  acid  urates  may  be  formed  above  where  the  two  fluids  meet,  but  its  upper  edge  is  not  dicaa 
scribed.  The  acid  decomposes  the  neutral  urates  and  forms  a  more  insoluble  add  salt.  Tbii 
cloud  of  acid  urates  is  readily  dissolved  by  heat,  while  the  albumin  is  not ;  the  latter  is  ahran  a 
sharply  defined  zone  between  the  two  fluids.  In  very  concentrated  urine  (rare),  nitric  acid  a>y 
gradually  precipitate  crystalline  urea  nitrate.  In  patients  taking  copaiba,  nitric  add,  by  actii^ 
on  the  resin,  causes  a  slight  milkiness.] 

[(2)  Boiling  and  Nitric  Acid. — Place  10  c.c.  of  urine  in  a  test-tube  and  boil  If  albsava 
be  present  in  small  quantity,  a  faint  haziness,  which  may  be  detected  in  a  proper  light,  will  be 
produced.  Add  10  to  12  drops  of  HNO,.  If  the  turbidity  disappears  it  is  due  to  phosphatek 
while  if  any  remains  it  is  due  to  albumin.  If  albtunin  be  present  in  large  quantity,  a  cofiicsi 
whitish  coagulum  is  obtained.     Precautions. — {a)  In  all  cases,  if  the  urine  be  tivbid,  fihcr  it 
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before  applying  any  test  (3)  Haw  to  boil. — Boil  the  upper  strata  of  the  liauid,  and  take  care, 
if  any  coagulum  be  formed,  that  it  does  not  adhere  to  the  side  of  the  tube,  else  the  tube  is  liable 
to  break.  (^)  In  performing  this  test  with  a  neutral  solution,  note  when  the  precipitate  falls,  for 
albumin  is  precipitated  about  70^  C,  phosphates  not  till  about  the  boiling  point.  (^/)  Amount  of 
Acid. — If  too  little  (2  or  3  drops)  HNO,  be  added,  or  too  much  (30  or  40  drops),  we  may  fail 
Xo  detect  albumin,  ahhough  it  is  present.] 

(3)  Ferrocyanide  Test. — By  the  addition  of  acetic  acid  and  potassium  ferroeyanide.  [If 
albumin  be  present,  a  wbite  flocculent  precipitate  separates  in  the  cold.  Dr.  Pavy  has  intro> 
dated  pellets,  consisting  of  a  mixture  of  citric  acid  and  sodic  ferrocjranide.  All  that  is  required 
is  to  add  a  pellet  to  the  suspected  urine.  Oliver's  Papers. — Dr.  Oliver  uses  papers,  one  satu- 
rated with  ciiric  acid  and  another  with  ferrocyanide  of  potassium.  The  two  papers  are  added  to 
xht  clear  filtered  urine.  Other  precipitants  of  albumin,  such  as  small  pieces  of  paper  impreg- 
nated with  potassio- mercuric  iodide,  are  used  by  Oliver.] 

(4)  Boiling  Acid  Urine. — If  the  urine  be  alkaline,  although  albumin  may  be  present,  it  is 
iM  precipitated  by  heat  alone.  We  require  to  add  acetic  acid  until  a  slightly  acid  reaction  is 
ol>tained.  Boiling  may  give  a  precipitate  of  earthy  phosphates  in  an  alkaline  urine,  owing 
perhaps  to  the  CO,  being  driven  off.  Thb  precipitate  might  be  mistaken  for  albumin,  but 
an  adding  acetic  acid  or  nitric  acid,  the  earthy  precipitate  is  dissolved,  while  the  precipitate  of 
albumin  is  not  dissolved.  In  testing  for  albumin,  always  use  clear  urine.  If  it  is  turbid, 
filter  it. 

[{5)  Metaphosphoric  acid  is  dissolved  in  water  just  before  it  is  to  be  used  and  added  to 
clear  urine  (Hindenlang).  Graham  pointed  out  that  metaphosphoric  acid  precipitated  albumin. 
A  20  per  cent,  solution  of  the  ordinary  glacial  phosphoric  add  is  a  good  test  for  albumin,  but  it 
also  precipitates  peptones.  It,  however,  changes  into  ordinary  phosphoric  acid  by  keeping,  and 
then  it  no  longer  precipitates  albumin.] 

[(6)  Sodic  Sulphate  and  Acetic  Acid. — Acidulate  10  c.c.  of  urine  with  acetic  acid,  and 
add  %  of  its  volume  of  a  concentrated  solution  of  sulphate  of  soda  or  magnesia.  On  heating, 
if  albumin  be  present,  a  distinct  cloudiness  b  obtained.] 

[(7)  In  picric  acid,  according  to  Dr.  Johnson,  we  have  a  more  delicate  test  for  minute  traces 
of  albumin  than  eithep  heat  or  nitric  acid,  or  than  both  these  tests  combined.  It  is  used  either 
in  the  form  of  crystals  or  powder,  or  as  a  saturated  aqueous  solution.  Take  a  four-inch  column 
of  urine  in  a  test-tube,  hold  the  tube  in  a  slanting  direction,  and  pour  an  inch  of  the  picric  acid 
solution  on  the  surface  of  the  urine,  where,  in  consequence  of  its  low  specific  gravity  (1005),  it 
mixes  only  with  the  upper  layer  of  the  urine.  It  coagulates  any  albumin  present.  The  precipi- 
tate occurs  at  once,  and  is  increased  by  heat,  while  the  urate  of  soda,  which  is  sometimes  precipi- 
tated, is  soluble  on  heating.  Peptones  and  albumoses  are  also  precipitated  by  this  reagent,  but 
the  precipitate  redissolves  on  heating.] 

[(8)  Potassio-mercunc  iodide,  or  Tanret's  reagent,  gives  a  white  precipitate.  This  is  a 
very  deltcate  test,  but  it  also  precipitates  peptones  and  albumoses  (but  these  precipitates  are  dis- 
solved by  heat), alkaloids,  and  bile-salts.  The  reagent  consists  of  mercuric  chloride,  1.35  grams; 
potassiom  iodide,  3.32  grams;  acetic  acid,  20  c.c. ;  and  water,  64  c.c] 

[Dr.  Roberts  regards  any  test  for  albumin  which  requires  strong  acidulation  with  an  organic 
acid,  citric,  acetic,  or  lactic,  as  unsatisfactory,  since  it  precipitates  mucin.  For  this  reason  he 
rejects  the  tungstate,  mercuric  iodide,  and  potassic  ferrocyanide  tests.  Dr.  Roberts  regards  the 
beat  testy  with  the  addition  of  a  small  definite  quantity  of  acetic  acid,  as  the  best  test  for  the 
detection  of  small  quantities  of  albumin.] 

I.  Quantitative  Estimation  of  albumin. — 100  c.c.  of  urine  are  boiled  in  a  capsule,  some 
acetic  acid  being  ultimately  added,  whereby  the  albumin  is  precipitated  in  flakes.  The  pre- 
cipitate is  collected  on  a  weighed,  dried  (110°),  ash-free  filter,  and  repeatedly  washed  with  hot 
water,  then  with  alcohol,  and  dried  in  an  air-bath  at  1 10°.  The  weight  of  the  filter  is  deducted, 
and  finally  the  dried  filter  with  the  albumin  is  burned  in  a  weighed  platinum  capsule,  and  the 
weight  of  the  ash  also  deducted.  [This  method  is  not  available  for  the  busy  practitioner  on 
account  of  the  time  it  takes.  Practically,  it  is  sufficient  to  compare  from  day  to  day  the  propor- 
tion that  the  precipitated  albumin  bears  to  the  bulk  of  the  urine  tested.  A  graduated  tube  may 
be  used,  so  that  after  the  precipitate  has  subsided,  the  physician  may  see  what  proportion  of  the 
whole  the  precipitate  occupies.] 

Bsbach's  Albuminimeter  (fig  319) — A  glass  cylinder  is  filled  with  the  urine  up  to  the 
mark  U,  and  to  R  with  the  precipitant  (20  citric  acid,  10  picric  acid,  970  water).  The  vessel  is 
corked  and  turned  upside  down  several  times  to  secure  the  mixture  of  the  fluids.  After  twenty- 
fbor  hours  the  coagulated  albumin  subsides,  when  the  graduation  on  the  tube  indicates  the 
number  of  grams  of  albumin  per  1000  c.c.  of  urine.  Very  albuminous  urine  must  be  previously 
diluted.  [Supix)se  the  amount  of  deposit  to  reach  to  3,  and  the  patient  passed  1800  c.c.  of 
urine  in  24  hours,  the  amount  of  albumin  is  1.8  X  3  =  5.4  grams  in  24  hours.     That  is,  3  grams 

1800X3 
in  1000  CO.,  therefore  -  -^^     =  5.4.] 
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2.  Serum -globulin  occurs  only  in  albaminous  urine,  and  is  frequently  present,  lu 
presence  is  ascertained  by  [neulraliiing;  and]  adding  po«d«red  nugiKsiiim 
sulphate  in  excess  10  the  uriae ;  when  it  ii  present  it  is  precipitated  (J  3a).  The 
more  globulin  there  is  in  the  presence  of  albumin,  the  more  diiGcult  it  is  to  pre- 
cipilate  it.  Sometimes,  when  an  albuminous  urine  is  dropped  into  a  large  cylinder 
of  water,  each  drop  as  it  sinks  is  followed  by  a  milky  train,  and  when  a  sufficient 
namber  of  drops  have  been  added,  ibe  naler  becomes  opalescent,  the  opalescence 
disappearing  on  adding  an  acid.  The  globulin  is  kept  in  solution  by  common  salt 
and  other  neutral  salts,  but  when  these  are  largely  diluted,  the  globulin  is  precip- 
taled  U/aifr/s). 

3.  Peptone  occurs  in  some  specimens  of  albuminous  urine,  but  also  in  dod- 
albuminous  urine.  Maixner  found  it  constantly  in  the  urine  in  all  case*  where 
suppuration  is  preteni,  and  even  in  phthisis,  constiiuling  pyogenic  peptonuria. 
Peptone  occurs  in  pus,  and  the  peptonuria  in  these  cases  is  a  sign  of  the  breaking 
up  of  the  pus-cells  {J/e/meiittr).  Also  when  many  leucocytes  are  broken  up  in 
the  blood  (hematogenic).  It  occurs  in  cases  where  there  is  great  disintegialion 
of  albuminous  tissues,  t.g.,  in  cancer,  [suppurative  diseases,  empyema,  croupoiu 
pneumonia,  phosphorus-poisoning,  etc.].  It  is  frequently  found  after  child-birth. 
Ammonium  sulphate  precipitates  al!  proteids  except  peptones  (p.  475). 

[The  only  satisfactory  test  for  peptone  is  to  precipitate  alt  the  other  proteids  with 
ammonium  sulphate,  and  anjr  proteid  remaining  in  solution  in  the  filtrate  mnsi 
Iben  be  peptone.  Many  of  the  so-called  cases  of  peptonuria  [Afartin)  (in  sup- 
purative diseases)  are  really  due  10  the  presence  of  deuieio-proleose.  This  last 
substance  gives  all  the  reactions  for  peptone  except  the  following  two.  It  is 
precipitated  by  ammonium  sulphate,  while  peptone  is  not.  It  gives  no  precipitate 
with  nitric  acid  unless  a  considerable  amount  of  salt  is  added,  and  this  precipitate 
disappears  on  healing  and  reappears  on  cooling,  while  peptone  gives  no  precipitate 
with  nitric  acid.] 

[When  peptone  is  injected  into  the  blood  it  is  excreted  in  the  urine  as  peptone 
(p.  37).     Deulero-alhuinose  similarly  injected  appears  as  peptone.] 

Teat. — Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.     Treat 

the  filtrate  with  three  volumes  of  alcohol ;    this  precipitates  the  peptone,  which, 

'■S'  319'    when  dissolved  in  water,  gives  the  characteiislic  reaclions  for  peptone  (J  166,  1). 

Esbach's        4.  Proteoses,  1.  c,  Memialbumose  or  propeptone  occur  very  rarely,  i.g.,  hi 

albumini-     osteomalacia  and  intestinal  tuberculosis  (Btnit  /onfs).     The  urine  is  heated  to 

meter.        saturation  with  NaCl  and  a  large  quantity  of  acetic  acid  added,  and  tillered  while 

hot,  to  separate  the  albumin  and  globulin.   In  the  cold  filtrate  hemialbumose  forms  a 

turbidity,  which  is  redissoWed  by  heat.  The  precipitate  thrown  down  by  HQ  and  HNO,  is  soluUe 

by  heat  (KHine).     The  precipitate  is  isolated  by  filtration,  and  dissolved  in  f  little  warm  WBta, 

when  it  gives  with  HNO,  a  yellow  reaction;  like  peptone  the  solution  gives  the  biuret -reactioo 

(p.  478).     [Another  proteose  occurring  in  the  urine  is  the  deutero -proteose,  which  has  been 

mistaken  for  peptone  (see  above).] 

5.  Egg-albumin  appears  in  the  urine  when  much  ^g-atbumin  is  taken  in  the  food,  and  also 
when  it  is  injected  into  the  blood-vessels  (J  192,4).  According  lo  Semmola,  the  albomiu 
present  in  the  urine  in  Bright's  disease  has  undergone  a  molecular  change  {similar  to  egg- 
albumin),  and  hence  it  is  excreted. 

6.  Mucus  is  present  in  liuge  amount,  especially  in  calanh  of  the  bladder.  It  CtHitains 
numerous  mucous  corpuscles,  which  are  scarcely  distinguishable  from  pus  corpuscles.  They  c»d- 
lain  albumin,  so  that  urine  containing  much  mucus  is  albuminous;  mucin  is  not  precipitated 
by  heat,  but  acetic  acid  gives  a  flocculent  precipitate  in  clear  urine.  [Minute  traces  of  mucin 
occur  normally  in  urine.  Jf  clear  normal  urine  be  set  aside  for  a  short  time,  a  flocculent  hao- 
ness,  like  a  cloud  of  cotton  wool,  is  seen  floating  in  the  urine.  This  is  mucus  entangling  a  few 
epithelial  cells  from  the  geni  to- urinary  traa.  Mucin  Re  act  ion .~- According  to  W.  Kobcns, 
the  addition  of  a  concentrated  solution  of  citric  acid  lo  urine,  as  in  Heller't  lest  ('  ' 
where  the  two  fluids  meet,  causes  an  opalescent  zone  gradually  to  be  formed  above  tl 

365.  BLOOD  (HEMATURIA)  AND  BLOOD-PIGM£NT 
(H.SMOGLOBINURIA)  IN  THE  URINE.— I.  Source  of  the 
Blood. — (i)  In  hecmaturia,  the  blood  may  come  from  any  part  of  the 

urinary  apparatus. 

I.  In  hemorrhage  from  the  kidney,  the  amount  of  blood  is  usually  small  and  wdl  mixed 
with  the  urine.  The  presence  of  "blood-cylinders,"  long  microscopic  blood  coagola,  casts  of 
ibe  uriniferous  tubules,  washed  out  of  them  by  the  urine,  is  characteristic  when  they  are  found 
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in  the  urine  ((ig.  332).  The  urine  dsurIIt  bu  a  smoky  appearaDCe.  [The  urine  slowly  dinolies 
out  ihe  coloring  mailer,  the  stroma  or  the  Corpuscles  after  a  time  being  deposited  as  a  brownish 
udimcnt.  The  smokj  hue  occurs  only  in  acid  urine ;  if  the  uiine  becomes  alkaline,  the  hue 
becomes  bnghler  red.]  The  blood  corpuscles  show  peculiar  changes  of  form,  [they  become 
CTenated]  (hg,  310},  and  exhibit  evidence  of  division,  due  lo  the  action  of  urea  on  them  (J  $). 
Luge  coagula  are  never  found  in  urine  mixed  with  blood  derived  from  the  kidney.  2,  In 
bemorrbage  &om  the  ureter,  we  occa^onally  find  worm-like  massei  of  clotted  blood,  casts  of 
the  canal  of  ibe  ureter.  3.  The  lelalively  latest  coagula  occur  in  hemorrhage  from  (he 
bladder,  [n  all  cases  where  bloud  is  present,  we  must  examine  microscopically  for  ihe  blood- 
COTpDKles,  and  it  may  be  for  coagula  of  Rbrin.  In  acid  urine,  blood -corpuscles,  bnl  never 
arranged  in  rouleaux,  may  be  found  after  two  or  ibree  days.  The  blood-corpuscles  settle  as  a 
red  sediment  at  the  bottom.  If  the  hemorrhage  is  copious,  many  retain  tbeir  original  shape, 
hut  if  the  urine  is  *ery  concentrated,  (hey  may  become  crenated. 

When  there  is  a  small  and  slow  hemorrhage  from  ruptured  small  capillaries,  the  red  blood- 
cofpuscles  are  of  unequal  size,  many  }i  io  y^  the  size  of  normal,  while  tbe  pigment  has 
.  become  brownish- yellow  (fig.  311). 

If  a  hemorrhage  of  this  kind  be  accompanied  by  catarrhal  inflammatioii  of  the  bladder, 
there  is  found  between  the  red,  numerous  shrivelled  leucocytes  (fig.  321),  which  in  freshly  passed 
utiae  often  exhibit  liTely  amcetxud  movements.  If  the  nrtne  be  alkaline,  as  it  usually  is,  crystals 
of  triple  phosphate  also  occur. 

If  the  remains  of  the  red  blood-corpuscles  become  very  pale,  their  presence  may  be  frequently 
.^..M.i..^  k.  .aa:.^^  i~i!n.  in  a  solution  of  KI  (fig.  321).     Blood  is  constantly  present  in  the 
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Fig.  3ao.  Fig.  331.  Fig.  322,  Fig.  3*3. 

Fig.  330. — Crenatid  red  blood-corpuscles  in  urine,  x  35°-  ^'S-  3"- — Peculiar  changes  of  the 
red  blood.coipascles  in  renal  hematuria.  Fig.  321. — Colored  and  (a)  colorless  blood 
corpuscles  of  various  forms.  Fig.  323. — Shrivelled  blood -corpuscles  in  urine  (catarrh  of 
(be  bladder),  wi(h  numerous  lymph -corpuscles,  and  crystals  of  triple  phosphate,  x  35°- 

II.  Hsmoglobinuria  is  quite  distinct  from  hfematuria.  It  depends  upon 
the  excretion  of  haemoglobin  as  such  through  the  kidneys,  and  it  is  pro- 
duced when  hffitnoglobin  occurs  free  within  the  blood-vessels,  as  in  cases  where 
(he  colored  blood -corpuscles  have  been  dissolved  inside  the  blood-vessels 
(hfemocy  to  lysis). 

It  occurs  when  foreign  blood  is  transfused,  i,g,,  when  lamb's  blood  is  transfused  into  man. 
Tbe  foreign  blood-corpuscles  are  dissolved  in  Ihe  blood  of  (be  recipient,  and  the  hicmoglobin 
appears  in  the  urine  (j  102).  In  addition.  microsco)iic  "  cylinders,"  or  "  casta,"  consisting  of 
a  globulin  like  body,  tinged  yellow  with  hiemt^lobin,  may  likewise  be  found  in  the  urine.  It 
alfo  occurs  in  cases  of  severe  Imrni  (J  10,  3) ;  after  decomposition  of  tbe  blood  in  pyiemia, 
scorbutus,  purpura,  severe  typhus,  alter  respiring  arseniucetted  hydrogen,  and  afler  the  passage 
of  Biobenzol,  naphlbol.  pyrogallic  acid,  potassic  chlorate,  chloral,  phosphorus,  or  carbolic 
icid  into  the  circulaiion.  [llie  injection  of  laky  blood,  water,  ether,  glycerin  (Adams),  or 
toluylendioinin  {Affanasiiew),  also  causes  it,  and  in  such  cases  AHanosi^iew  asserts  that  (he 
Hb  passes  out  through  the  glomeruli,  while  brown  degeneration- products  of  the  red  blood- 
corpu*cIe«,  which  are  dissolved  by  these  agents,  were  found  in  (he  convoluted  tubules.]  These 
substances  dUaolve  the  red  blood-corpuscles.  Sometimes  it  occurs  periodically  from  causes 
and  coriditioos  as  yet  but  litlle  understood,  e.g..  the  application  of  cold  to  the  skin,  [In 
paroxysmal  hternoglobinuria,  which  occurs  during  periodic  febrile  attacks,  hiemoglobin  may 
be  present  in  the  urine,  but  generally  there  is  also  methsmoglobin,  which  does  not  seem  to  be 
due  ti)  the  action  of  the  urine  on  the  pigment,  but  the  methacmoglobin  seems  to  be  secreted  as 
tucb  in  tbe  kidney.] 
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TcBtB  for  Blood  in  Urine. — l.  Ttie  color  of  bloody  uriae  sbowi  every  liot,  from  ■  lain  icd 

to  a  dark  blacki>h-i>ro#n,  according  lo  tbe  amoont  of  bJood  preseiil.     The  urioe  is  oilea  Inrtiid. 
z.  Urine  contuniog  blood  or  blood-ptgmcDi  conuins  albumin. 

3.  Heller's  Blood  Test. — Add  to  urine  half  its  rolume  of  soiulion  of  caunic  poUsh.  ud 
heal  geotly.  The  earthy  phosphates  are  precipitated,  and  they  carry  tbe  iKemaliD  vilh  ibo. 
&]Ung  a!  garnet  red  Hocculi.     [This  is  not  a  reliable  test.] 

4.  HKmin  Teat. — The  colored  eanby  phosphalea  may  be  collecied  00  a  lilteT,  and  fas 
them  harmin  may  be  prepared  ai  directed  in  §  19. 

5.  Almeri's  Test. — Add  to  urine, freshly  prepared  tincture  of  guaiacum  and  oioniied  eiha: 
a  blue  color  iodicalei  the  presence  of  blood  ( j  37). 

6.  Spectroscope  (see  J  14),  Fig.  324  shows  tbe  arrangement  of  the  apparatus.  Tlie  ante 
is  placed  in  a  glass  ves^l,  D,  with  parallel  sides,  1  centimetre  apart  (baemati  no  meter).  L^ 
from  a  tamp.  E,  passed  through  the  fluid.  The  Ump,  F,  illuminates  the  icslc,  wbicb  is  Ken  h 
Ibe  observer  through  the  telescope.  A,  {a)  Fresh  urine  contaioing  blood  gives  the  spectna 
of  oxy haemoglobin  (flg.  23).  {i)  When  bloody  urine  is  exposed  for  some  time,  especkL'y  n 
a  warm  place,  it  becomes  more  atiJ,  and  assumes  a  dark  brownish- black  Color.  Tite  Ino. 
globin  becomes  changed  into  methaemoKlobin  (^  15).     It  i*  precii»iaied  by  lead  acel*M;>taia 


Fig-  324- 
Spectroscope  for  investigating  the  presence  of  biEmoglobin  in  urine. 

does  not  predpilale  oxyhemoglobin  ;  the  spectrum  of  methxmt^lobin  resembles  diat  of  hxnBi: 
in  an  acid  lolution  (J  15,  lig.  23).  Tbe  spectra  may  be  comlnoed.  (e)  The  miciotcopk i:- 
vesiigalion  must  never  be  omitted.  The  shape  of  ibe  coqwscles  may  vary  oooxideiably  (ip 
3ao-3")' 

266.  BILE  IN  URINE  (CHOLURIA).— The  physiological  cond- 
tions  which  cause  the  bile  constituents  to  appear  in  the  urine  arc  mentioned  i' 
part  at  g  i  So. 

Haematogenic  or  Anhepat<^en 
from  extravasaled  blood  by  the  act] 
in  addition  to  coloKng  the  tissues,  pass  into  tne  unne. 

I.  Bile  PigmeDts. — Their  presence  is  ascertained  by  Ometin-HeinU's  test.  Crrr^ 
(Biliverdin)  is  the  cbaractciistic  hue  in  the  play  of  colors  obtained  with  Ibis  lest,  vfakb  is  h'  * 
described  in  J  177. 

Modidcations  of  the  Test. — 1,  If  Icteric  urine  be  filtered  through  (ilierii^  or  blottiogpip^' 
a  drop  of  nitric  acid  containiag  nitrous  acid,  when  applied  to  the  inner  surface  of  tbe  ipnad4v 
lilter,  gives  a  yellowish -colored  ring  {RoseniacA).     2.  In  order  that  Ibe  reaction   may  oa  (^ 
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place  too  rapidly,  add  a  concentrated  solution  of  sodic  nitrate,  and  then  slowly  poar  in  sulphuric 
acid  (Fleiscki),  3.  On  shaking  50  c.c.  of  icteric  urine  with  10  c.c.  of  chloroform,  the  bilirubin  is 
dissolved  by  the  latter.  On  adding  bromide  water,  a  beautiful  ring  of  colors  is  obtained  {^Mafy), 
If  the  chloroform  extract  be  treated  with  ozonized  turpentine  and  dilute  caustic  potash,  a  green 
color,  due  to  biliverdin,  occurs  in  the  watery  fluid  ( Gerhardt), 

[Marichars  Test. — Pour  tincture  of  iodine  (B.P.)  on  the  surface  of  the  urine  in  a  test-tube. 
A  green  color  appears  if  bile  pigments  are  present.] 

\^  slight  degrees  of  jaundice,  urobilin  alone  may  be  found  ({  261,  i)  (^Quincke), 

In  persistent  high  fever,  the  urine  contains  especially  biliprasin  {Iluppert).  If  it  contains 
choletelin  alone,  add  to  the  urine  some  hydrochloric  acid,  and  examine  it  with  the  spectroscope, 
which  gives  a  pale  absorption-band  between  b  and  F  ({  177,  3,/). 

Hcmatoidm. — Sometimes  crystals  oi kamaiaUin  (J  20,  fig.  27)  appear  in  the  urine,  especi- 
ally when  blood-corpuscles  are  diissolved  within  the  blood-stream ;  occasionally  in  scarlet  fever 
and  typhus,  and  sometimes  in  cases  of  periodic  haemoglobinuria.  The  breaking  up  of  old  blood- 
dots  in  the  urinary  passages,  as  in  pyonephrosis  {Ebstein),  or  the  dissolution  of  necrotic  areas 
[Hofmann  and  Ulttmann)  produces  them,  and  similar  crystals  occur  in  analogous  cases  in  the 
spanun  ({  138).  In  jaundice  due  to  congestion  (J  180),  the  identical  crystalline  substance, 
hilinibin,  is  found. 

II.  Bile  acids  occur  in  largest  amount  in  absorption  jaundice,  but  they  are  never  present  to 
any  extent.  The  test  is  described  at  J  177,  a,  the  cane-sugar  solution  consisting  of  0.5  grm.  to 
I  litre  of  water.  If  the  urine  be  dilute,  it  is  advbable  to  concentrate  it  on  a  water-bath.  [It  is 
rare  to  get  a  satisfactory  result  with  Pettcnkofcr*s  test  in  ordinary  icteric  urine.]  V.  Pettcnkofer's 
test  may  be  used  with  the  alcoholic  extract  of  the  nearly  dry  residue,  but  no  albumin  must  be 
present     Dragendorff  found  0.8  grm.  in  100  litres  of  normal  urine. 

Strassbur^s  Modification. — Dip  filter  paper  into  the  urine,  to  which  a  little  cane-sugar  has 
been  added ;  dry  the  paper  and  apply  to  it  a  drop  of  sulphuric  acid.  A  violet-red  color  is  ob- 
tained after  a  short  time.  [Hay's  Reaction  (j  177).  Icteric  urine  precipitates  the  albumin 
in  a  solution  of  acid-albumin  ({  181  G.).] 

267.  SUGAR  IN  URINE  (GLYCOSURIA).— Diabetes  Mellitus. 
— ^The  excessively  minute  trace  of  grape-sugar  or  dextrose,  which  is  con- 
stantly present  in  normal  urine,  sometimes  becomes  greatly  increased  and  con- 
stitutes the  conditions  of  diabetes  mellitus  and  glycosuria.  The  physio- 
logical conditions  which  determine  this  result  are  given  at  §  175.  In  this 
condition,  the  quantity  of  urine  is  greatly  increased;  it  may  reach  10  or 
more  litres.  Many  pints  may  be  passed  daily.  [The  usual  abnormal  amount 
of  sugar  is  from  i  to  8  per  cent.,  although  15  per  cent,  has  been  found,  /.^., 
from  5  to  50  grs.  per  fluid  oz.,  or  300  to  3000  grs.  in  twenty- four  hours.]  The 
specific  gravity  is  also  increased  (1030  to  1040).  [In  a  case  where  a  large 
amount  of  urine  is  passed  of  a  fale  color  and  a  specific  gravity  above  1030, 
always  suspect  sugar.]  A  diabetic  person  gives  off  relatively  more  water  by 
the  kidneys  and  less  by  the  skin  (and  lungs  ?)  than  a  healthy  person.  The 
color  is  very  pale  yellow,  although  the  amount  of  pigment  is  by  no  means 
diminished — it  is  only  diluted  [the  depth  of  the  color  being  inversely  as  the 
quantity  passed].  The  amount  of  the  nitrogenous  urinary  excreta  is  increased. 
The  sagar  is  increased  by  a  diet  of  carbohydrates  and  diminished  by  an  albu- 
minous diet.  The  uric  acid  and  oxalate  of  lime  are  often  increased  at  the 
commencement  of  the  disease,  while  yeast  cells  are  constantly  present  after  the 
urine  has  been  exposed  to  the  air  for  some  time. 

[In  diabetes  insipidus  there  is  a  very  copious  secretion  of  watery  urine 
without  the  presence  of  sugar.  It  may  be  produced  experimentally  by  injury 
to  a  certain  p)art  of  the  floor  of  the  fourth  ventricle,  and  it  occurs  as  a  diseased 
condition.  It  seems  to  depend  on  some  derangement  of  the  central  vaso-motor 
apparatus  of  the  kidney.] 

Sugar  has  been  found  occasionally  \i.  e.^  transitory  glycosuria]  after  poisoning  with  or  after 
the  nse  of  morphia,  CO,  chloral,  chloroform,  curare  (?)  (p.  529);  after  the  injection  of  ether  and 
amyl-nitnte  into  the  blood ;  and  in  gout,  intermittent  fever,  cholera,  cerebro-spinal  meningitis, 
bepatic  chrhosb,  and  cardiac  and  pulmonary  affections. 

(^Tbere  is  no  doubt  that  normal  healthy  human  urine  contains  one  or  more  reducing  agents, 
which  reduce  cupric  oxide  to  the  same  extent  as  if  the  urine  on  an  average  contained  6  grains 
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or  glucose  in  CTcry  10  fluid  ounces  of  urine,  or  1.34  gnni.  per  litre.     As  tbii  safastutee  d«     1 
not   cause   (jcoholic   feimenlBtion   in   jls   solutions,  iu    identity  with    glucose   appeui  to  be     I 
doubtful.     The  most   active   leducing  agent  is  probably  kreatinin  (C  5.  _/i?ABMii).     BatFeh- 
ling's  solution  is  also  reduced   by  uric  acid,  hippuric  acid,  pyrocatechin,  and  glycomuc add 
(p.  529).     The  only  way  10  distinguish  these  from  dextrose  is  the  iermentation-lest.     Nooeof  Ibmi 
ierment  with  yea^t  to  yield  alcohol  and  CO,,] 

Tests  for  Sugai. — Any  of  the  tests  described  at  J  149  may  be  used,  but  the  urine  Hunt  Ik 
free  from  albutnin.  The  quantitative  estimation  by  rermentation  and  the  tiiratioo  methodi  ve 
described  in  J  149.  [The  testa  for  grapesug"'  described  in  |  149  are  ( 1 )  Trom  tiler's;  (ij  Feb- 
ling's;  (3)  Moore  &  Heller's;  (4)  BOttger's;  (5)  Mulder  &  Neubauer's;  (6)  FtraieDtaum 
test;  (7)  Molisch's  test.] 

8,  Worm-MflUer  recommends  the  following  modiiicalion  of  Fehling's  test :  Use  a  15  po 
cent,  solution  of  cupric  sulphate  solutioD,  and  another  of  to  parts  of  ;odio-po(assic  taimte  k 
too  pans  of  4  per  cent,  solution  of  aoda.  Boil  5  c.cm  of  urine  in  a  test-tube,  while  in  a  secood 
test-tube  is  boiled  I  to  3  c.cm,  of  the  copper  solution  and  2.5  c  cm  of  the  polaasic-Urtiale  loli- 
tioo.  The  boiling  of  both  fluids  is  stopped  simalianeouily,  and  afier  ao  to  25  seconds  ihecsB-  j 
tents  of  one  test-tube  are  added  to  those  of  the  other,  but  without  shaking  the  miitiiR,tb(  | 
reduction  taking  place  spontaneously.  I 

9.  Nylander'B  modification  of  BSttger's  test  is  also  good  (|  149)-  i 
[la  Picric  Acid  and   Potaah  Test. — Btaun  showed  that  grape-sugax,  when  boiled  *iili 

picric  acid  and  potash,  reduces  the  yellow  picric  acid  to  the  deep  red  picr«niic  acid,  the  deptb  H 
the  color  depending  on  the  amount  of  sugar  pnimL 
Dr.  Johnson  uses  this  test  for  delectii^  the  pieaa 
of  sugar  in  urine,  and  also  for  estimating  ibe  Bmnns 
of  sugar  present,  the  depth  of  the  red  color  obtUKd 
on  boiling  being  compared  with  a  standard  dilitica 
of  ferric  acetate.  In  doing  the  lest,  use  i  dradm 
of  urine,  )4  a  drachm  of  liquor  poussx,  and  to  me 
ims  of  picric  acid  solution  ;  make  up  to  2  diachm 
with  distilled  water,  and  boil  Ibe  mixture  lor  oh 
minute.  This  test  indicates  the  presence  of  00 
grain  of  sugar  per  fluid  ounce  of  normal  urjt 
Dr.  Johnson  claims  for  this  lest  that  it  poeseaai3 
the  adTantages  of  the  other  tests,  while  it  is  not  i^ 
fected  by  uric  add  or  any  other  normal  ii^;TediDi 
of  urine;  neither  does  the  pnseaix  of  altamn 
interfere  with  the  action  of  the  test  as  it  does  viib 
all  the  forms  of  copper  testing.] 

[II.  Indigo -carmine  Test. — A  blue  stdoooii « 

this  substance,  when  boiled  with  diabetic  urine  ox- 

taining  sodic  carbonate,  changes  fiam   a  bliK  K 

»''(!■  3*S-  a  violet,  purple,  red,  yellow,  and   finally,  ara»- 

Phenyl -glucosazoD  crystals  from  urine  con-    yellow  color.      After  coobng  and   eiposare  to  ik 

taining  sugar.  air,   the   various   colors   are  obtained   in  the  rr 

verse  order  until  the  mixture  becomes  blue  tgm 

Dr.  Oliver  uses  this  test  in  the  form  of  test-papers.     One  bibulous  paper  is  impregnalcd  vut 

the  indigo- carmine  and  the  other  with  soiHc  carbonate.     Drop  one  of  the  lest-papera  and  a  IM£ 

carbonaie  paper  into  a  lesl-tube  Coniaining  i}i  inch  of  water,  heat  gently,  when  a  \Aae  ximxn 

is  obtaioed.     Add   the  urine  slowly,  one  drop  at  a  time,  and  boil  the  mixture,  oteerrii^uy 

change  of   color  by  holding  the  tube  against  a  white  surface  below  the  level  of  the  eye.    I'nc 

acid  and  urates,  which  reduce  Fehling's  soluti  in.  do  not  aflecl  the  carmine  test,  nor  does  bti 

tinin,  although  it  reacts  with  the  picric  acid  test.] 

[1 2.  Phenyl-taydraiin  Teal. — It  depends  on  the  fact  that  glncoseforms  with  phenyl'hTdiuii 
a  characteristic  body,  phenyl-glu  cos  axon,  which  takes  the  Sirm  of  ydlow  nenlles,  and  is  ^ 
little  soluble  in  water.  Two  pans  ol  phenyl  hydrai in  chloride  and  three  of  sodic  *Citale  arc 
placed  together  in  a  test-tube  ccinlainitig  bS  c.c.  urine,  and  the  test.iube  is  plac«d  iur  v-j* 
minutes  in  boiling  water.  After  this  the  luiieis  put  into  a  vessel  coniaining  cold  water.  If  a^ 
be  formed,  a  yellow  deposit  separates,  which,  when  examined  with  the  microscope,  is  sees  ic 
consist  of  crystals  of  phenyl-glucnsazon,  either  detached  or  arranged  in  clusters  (tig.  315)-  ^ 
substance  melts  at  205°  C.     Albumin,  if  pie!>eiit,  should  be  got  rid  of  previously  ] 

[Quantitative  Estimation  of  Sugar.— (a)  Fermentation  Test  (j  150).  Take  4  a: 
(izo  c,c.)  i)f  the  urine;  add  a  lump  o(  German  yea^t.  about  the  size  of  a  walnut,  %htlyciiL 
the  bottle,  and  place  it  aside  for  twenty  four  hiurs  in  a  moderately  warm  place,  e.g.oei^ 
mantelpiece.  Take  the  specific  gravity  beloie  and  aiier  tire  fermentation.  Thus,  if  the  spcDX 
gravity  be  103S  before  and  tolj  afterwards,  the  diiference  or  "  densily  lost "  is  25,  wtiicb  jiie 
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25  pt.  of  sngiT  per  fluid  oz.  (RaierCs).  U  il  be  dMired  to  gd  Ihe  percent^e,  multipl]'  the 
deniily  lost  bjo.ij,  ihus  25  x  0-^5  =  S-69  '"  ^°°  p»"s.] 

[[i)  Voltimetric  AnalyBia  of  Sugar. — 10  c.c,  of  Fehling's  solution  ^=  .05  gism  of  iug«. 

1.  Aicenain  the  quantity  of  urine  passed  in  twenty-four  hours,     x.  Filter  Ihe  urine,  and 
t(iix»e  any  albuniin  prtsenl  by  boiling  and  filtration.     3.  Dilute  10  c.c.  of  Fehling's  solution 
■iih  about  twenty  limes  its  volume  of  distilled  water,  and  place  it  in  a  white  porcelain  capsule 
im  ■  wire  ganie  support  under  a  burette.     (It  is  diluted  because  any  change  of  color  is  more 
cuilir  observed.)     4.   Take   5  c.c.  of  the  urine,  and  95  c  c.  of  distilled  water,  and  place  the 
dllnled  urine  in  a  burette.     5.  Gradually  boil  the  diluted   Fehling's  solu- 
tion, and  whilst  it  is  tKiiling  gradually  add  the  diluted  DHne  from  the 
borate,  until  all  ihe  cuprous  oxiiie  is  precipitated  as  a  reddish  powder,  and 
the  supernatant  fluid  has  a  slraw-yellow  color,  riot  a  trace  of  blue  remain- 
ing.    Read  off  Ihe  number  of  c.c.  of  liiluU  urine  employed.     Say  36  c.c. 
•ere  used — ihat,  of  course,  represents  1.8  c.c.  of  the  original  urine.      Sup 
pose  ibe   patient  passes   1550  c.c.;   as  l.S  c.c,  of  urine  reduced  all  the 
cupric  oKide  tu  Ihe  lo  c.c.  of  Fehling's  solution,  il  most  coniain  .oj  gram 
sugar,  hence, 

l.S:  155a  ::  .05  :..  .^' — ^u— -    ^  ^37-5  gi^tts  of  sugar  passed  in  Z4  hours.] 

[Preparation  <A  Fehling's  Solution. — 34.64  grams  of  pure  cryslal- 
liac  cupric  sulphate  are  powdered  and  dissolved  in  200  c.c.  of  distilled 
■Iter;  in  anoiher  vessel  dissolve  173  grams  of  Rochelle  salts  in  4S0  c.c. 
of  pore  caoslic  soda,  specific  gravity  1.14.  Mix  Ihe  two  eoIuI ions,  and 
dilute  Ihe  deep-colored  fluid  which  resulls  lo  I  litre.  N.  £. ^Fehling's 
solution  Dughl  not  to  be  Itepl  loo  long ;  it  is  apt  lo  decompose,  and  should 
therefore  be  preserved  from  Ihe  light,  or  protected  with  opaque  paper 
pasted  OD  ihe  bottle.  Some  other  substances  in  urine,  e.g.,  urates  and  uric 
acid,  reduce  cnpric  oxide.} 

(f)  According  lo  Worm-Milller,  (he  polarization  method  is  almost  value- 
leu  for  diabetic  urine. 

[Picro-Saccbarimeter,— G.  Johnson  uses  a  stoppered  bottle  12  inches 
long  and  ^  inch  wide,  graduated  In  ]^ths  and  1  Jglbs  (fig.  326).  To  it  is 
ixed  a  sliortcr  bottle  containing  the  standard  iron  solution  for  comparison, 
1  aandard  solution,  composed  of  liqnor  ferri  perchloride  ^j,  liq.  ammon. 
icetalis  3 iv,  glacial  acetic  acid  ^iv,  liq.  ammonia  ^j,  and  water  to  make 
ip  Jiv.  All  Rf.  preparations  give  a  color  identical  with  a  solution 
-onlaining  I  gr.  of  grape'Sugar  per  oi.,  reduced  by  picric  acid  and  alter- 
iraids  diluted  four  times,  so  thai  this  lint  =  ^  gr.  of  sugar  per  oz.  After 
educing  the  sugar  with  the  picric  acid,  pour  into  the  tall  tube  tbe  dark 
Bcchaiine  liquid  produced  by  boiling  to  occupy  ten  divisions  of  ihe  lube, 
nd  odd  distilled  water  cauiiouily  until  ihe  color  approaches  that  of  the  ^'%-  3^^' 

uodard ;  read  off  the  level  of  the  fluid.  The  amount  of  sugar  present  is  Picro-taccharimeter 
etermined  from  the  amount  of  water  added.  In  making  the  test,  the  of  G.  Johnson. 
icric  acid  mnsl  be  added  in  proportion  to  [he  amount  of  sugar  present.] 
If  large  quantities  of  dextrose  ate  taken  in  the  food,  a  part  of  it  (and  more  in  diabetic  ps- 
ms)  appiBirs  in  ihe  urine.  Lsvnluse,  whro  taken  internally,  does  not  increase  the  amount  of 
igar  in  diabetes.  The  free  use  of  March  di>es  not  cause  glycosuria  in  health,  but  in  diabelea  it 
icreases  the  amount  of  sugar.  A  lat^e  consumplion  of  cane-  or  milk-sugar  causes  Ihe  passage 
'  small  quantities  of  both  of  these  sugars  into  the  urine  in  health,  while  in  diabetes  the  amount 
f  dextrose  is  increased  [IVorm-MUlltr),  According  to  KilU.  in  diabetic  persons  cane-sugar 
ilits  Dp  into  grape-  and  fruit  sugar,  ihe  latter  being  used  up  in  the  bi>dy,'and  the  former  partly 
icretcd  ;  and  the  same  is  the  case  with  milk-sugar. 

In  severe  cases  of  diabetes  melliius,  Killz  Foun'l  the  left- rotatory  ^-oxy butyric  acid  (Ihe 
■.X.I  highest  anali^ue  of  laclic  acid)  in  the  urine,  from  which  acoic  acid  is  formed  by  oxidation 
175),  which  in  its  turn  readily  yields  CO,  and  accton.  n-crolonic  acid  is  formed  in  urine  by 
e  reiDoval  of  water  from  oxybu  ync  acid  in  the  urine  in  diabetes(iJ'iii/d'/nanR).  The  odminis- 
ition  of  aceton  causes  albuminuria,  and  this  may  in  part  explain  in  some  cases  the  complica- 
>n  of  albuminuria  in  diabetes  {A/itifoHi  and  Pisrtiti). 

[Clycuronic  acid  (C,H„0,l  occurs  in  such  eice-^ively  small  quantities  in  noimal  urine  Ihat 
may  be  r^arded  as  absent.  It  is  ihe  substance  which  above  all  others  is  most  liable  lo  be 
i~laken  for  sugar  (p.  JlS).  Tbe  other  substances  mentioned  on  p.  ;;S  which  reduce  Fehling's 
liiltxD,  do  >o  only  to  a  small  extent,  but  glycurunic  acid  do<:S  so  like  dextrose.  Il  occurs  in 
e  urine  in   Urge  amount  after  the  admiaiitration  of  chtorofutm,  chloral,  btuyl-chlural,  curare, 
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and  morphift.  It,  however,  does  not  undergo  the  alcoholic  fermentatioD.  Ashdown  hu  n< 
coided  a  case  in  wbich  it  appeared  in  (he  urine  without  any  drugs  being  administo^.] 

Aceton  [C^H^O]  or  Aceton-yielding  substance,  probably  acelo-acoic  acid,  is  somelimcs  Ibuid 
in  diabetic  urine.  It  his  a  peculiar  vinous  odor,  and  il  has  been  detected  in  the  urine  doiii^ 
fever.  Gerhardt  described  a  peculiar  substance  in  diabetic  urine,  wbich  gave  a  deep  red  cok* 
with  perchiorideof  iion.  This  substance  is  probably  ethyl -di  ace  tic  ether  [C,Hj,0,],  andbe 
considered  it  to  be  the  tource  of  aceton;  but  it  is  more  probably  derived  from  aceto  acetic,  tcid. 

SThis  substance  has  been  confounded  witli  acdon,  but  the  iron  lest  distinguishes  lbein.1  Tests 
or  Aceton, — (i)  Perchloride  of  iron  ^  Burgundy-red  Color;  but  this  is  not  reliable.  (31 
Lieben  suggested  an  iodoform  test.  Dissolve  30  grains  of  KI  in  a  tiuid  drachm  of  liq.  pcUuc. 
and  boll  (he  Ruid.  Pour  the  suspected  urine  on  the  surface,  when  a  ting  of  phosphates  a 
deposited  from  ihe  urine  by  the  hot  atkiline  solution.  If  aceton  be  present  aftei  a  time  the 
deport  becomes  yellow,  and'  yellow  granules  of  iodoform  appear  and  sink  lo  the  bottom  of  Ux 
test-lube.  The  only  other  substance  which  may  be  met  with  in  (be  urine  giving  (bis  reaction  is 
lactic  acid. 

Milk-augar  is  sometimes  found  in  the  urine  of  women  who  aie  nur^ng ;  when  the  setretiaii 
of  milk  is  arrested,  absorption  taking  place  from  the  breasts  {Kirsim,  Spiegtlterg).  LjcvuIo«c 
is  sometimes  found  in  diabetic  urine  (g  251). 

DexlTin  has  also  been  found  in  diabetic  mine.     Inosit.ormuacle-sugar  (j  252)  isnae- 
times  Ibnnd  In  diabetes,  in  polyniia,  and  iJbiuniDiiria 
^  ■  It  is  found  In  traces  even  in  normal  urine.    0<xt- 

sionalty,  aRer  the  piqure  in  animals  {\  175),  loaNt. 
instead  of  grape-su^ar,  appears  in  tlie  urine  (bg.it^). 
In  testing  for  inosit,  remove  the  grape-sugar  by  ia- 
mentation,  and  the  albumin  by  heat  after  the  addi- 
tion of  a  few  drops  of  acetic  acid  and  sodic  sulpbue 
Some  of  the  filtrale  is  evaporated  neartj  to  drysee 
'  on  a  capsule.  To  the  residue  add  two  drofis  of  an 
curie  nitrate  (Liebig's  titration  fluid  for  arCK),  whjct 
gives  a  yellow  precipitate.  When  this  ctdcred 
^'  residne  is  spread  out  and  carefully  heated,  a  dtrt 
rtd  color,  which  disappears  on  cooling  is  cbaineii 
(Gallfis,  K6lti).  [Inosit  gives  a  green  when  bciiid 
with  Fehling's  lolulion.] 

[Diaio-reaction  or  Ghrlich's  roctkm. — TIii> 

reaction  is  never  given  by  ncmui   urine,  bot  it  it 

given  by  the  urine  in  typhoid   fever  {Rutiimt^.. 

f  .,r-  acute   tuberculosis,  etc.     Its   exact   clinical   signif. 

p.  can ce  is  unknown.    Two  solutions  arereqnircd—(i 

'^'  ^  ''  a.  concentrated  solution  of  sulphanilic  acid,  and  (i 

a  solution  of  sodium  nitrate  [l  in  300).      200  c.c  eJ 

(1)  are  mixed  with  10  c.c.  of  pure  HCl  and  6  cc 

of  (2).     Mix  equal  quantities  of  this  mixture  aot 

tuine  rendered  uiongly  alkaline  with  ammonia ;  a  bright  carmine  red  constitutes  the  reutioG 

After  staikding  24-3^  hours  a  deposit,  green  or  black,  on  its  upper  surface  occurs.] 

368.  CYSTIN  =  C,H„N,S,0..— This  left-rotatory  botJy  occurs  very  sd- 
dom  in  large  amount  in  urine,  although  it  seems  to  be  a  constituent  of  noraul 
urine.  It  may  be  in  solution  or  in  the  foirm  of  hexagonal  crystals  (fig.  338,  A) 
[the  latter  only  in  acid  urine].  It  is  insoluble  in  water,  alcohol,  and  etber. 
but  easily  soluble  in  ammonia,  from  which  solution  it  may  be  crystallized.  Ac- 
cording to  Baumann  and  Preusse,  there  are  inlermediate  products  of  the  meu- 
bolism,  from  which  are  furnished  the  materials  necessary  for  the  formation  of 
cystin.  During  normal  metabolism  these  materials  undergo  further  changes. 
and  the  sulphur  appears  oxidized  in  the  urine  as  sulphuric  acid.  In  rare  ctses 
these  oxidations  do  not  take  place,  and  then  the  sulphur  appears  in  tbe  cystin 
of  the  urine  {Stadlhagen).  Cystin  is  increased  in  phosphorus -poisonin; 
(^Baumanti). 

269.  LEUCIN  =  C.H„NO,.    TYROSIN -.CH..NO,.— Both  bodiej 

occur  in  the  urine  in  acute  yellow  atrophy  of  the  liver,  and  in  poisooicg 
by  phosphorus.  (Their  formation  during  pancreatic  digestion  has  been 
referred  to  in  §  170,  II.)     As  the  urea  excreted  is  usually  diminished  at  tbe 
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same  time,  it  is  assumed  Chat,  in  these  diseases,  the  further  oxidation  of  the 
derivatives  of  the  proteids  is  interfered  with.  Leucin,  which  is  cither  precipi- 
tated spontaneously  or  obtained  after  evaporating  an  alcoholic  extract  of  the 
concentrated  urine,  occurs  in  the  form  of  yellowish -browrn  balls  (fig.  329, 
a,  a),  often  with  concentric  markings,  or  with  fine  spines  on  their  surface. 
When  heated  it  sublimes  without  fusing. 

Tyrosin  forms  silky  colorless  sheaves  of  needles  (fig.  329,  d,  b). 
When  boiled  with  mercuric  nitrate  and  nitric  acid  it  gives  a  red  color,  and  after- 
wards a  brownish-red  precipitate.  Piria's  Test. — When  lightly  heated  with 
a  few  drops  of  concentrated  sulphuric  acid,  it  dissolves  with  a  temporary  deep 
red  color.  On  diluting  with  water,  adding  barium  carbonate  until  it  is  neutral- 
ized, boiling,  filtering,  and  adding  dilute  ferric  chloride,  a  violet  color  is  ob- 
tained (y/na  Stadtler). 


Fig.  338. 

A,  cryMil*  of  c;stin;  B,  oxalate  of  lime; 

f ,  hoar-^lasi  fbrmi  of  B. 


Fig.  3*9. 

a,  a,  leacin  balls;  6,  i,  lyrocin  sbeavei; 

c,  double  balls  of  ammoDium  urate. 


270.  DEPOSITS  IN  URINE.— Deposits  may  occur  in  normal  and  in 
pathological  urine,  and  they  may  be  either  "organized"  or  "unorgan- 
ized." 

I.  Oi^aniied  DepositB. 

A.  Blood  ;  red  and  while  blood -corpnsclea  and  sometimes  fibrin  (figs.  320-332). 

B.  Pua,  in  greater  or  less  unount  in  catarrli  or  inflammation  of  Itie  arinaiy  passages.  Pus 
^Ib  eiactlf  resemble  colorlesi  blood  corpuscles  (figs.  14,  313).  Donnt's  Teal. — Pour  oflT  the 
.apemalant  fluid  and  add  a  piece  of  caustic  potash  to  the  deposit;  if  it  be  pus  it  becomes 
[elalinous,  ropy,  and  more  viscid  (alkali-albuminUe).  Mucus,  when  so  acted  on,  becomes 
nore  fluid  and  mixed  with  floccali. 

C.  Epithelium  of  varioos  forms  occurs,  but  it  is  not  always  posuble  to  say  whence  it  is 

D.  Spermalosoa  may  be  present. 

B.  Lower  organiama  occur  in  the  urinaij  passages  very  seldom,  but  they  may  be  present, 
.^.,  in  the  bladder,  when  geims  are  introduced  from  without  by  means  of  a  diny  catheter. 
Before  introdaciDg  a  catheter  into  the  bladder  one  ought  always  to  make  sure  that  the  instru- 
aenl  ia  perfectly  aseptic]  Micrococci  are  foond  in  the  urioe  in  certain  diseases,  i.g.,  diphtheria. 
!~he  following  forma  are  distinguished  : — 

I.  Schizomycetes  (J  1S4).  Nonnal  human  urine  contains  neither  schizomycetei  nor  their 
pore*.  In  pdlbological  conditions,  howerer,  fungi  may  pass  from  the  blood  into  the  uiinaTy 
abales  and  thus  reach  the  urine  [^Lmbt).     Dunng  the  alkalitie  fermentation  of  urine,  micro- 
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coed,   rod-shaped  bacteria   or   bacilli   (fig.   330)  appear.     SarcioK  beloi^  to  Ibe  grasp 
(J  186). 

z.  Saccharomycetes  (fennenUtioa  fuogi) :  (a)  The  fungua  of  the  acid  urine  fennoitatioa  (S. 
urinx)  consists  of  small  bladder-like  cells  amngcd 
either  in  chains  or  in  grou|>s  (ligs.  316,  a;  330, 
e  /)■  (^)  Veast  (S.  fermenlum)  occais  in  ditbeiic 
urine,  as  oval  cells  with  a  dotted  eeeenMiaUr- 
placed  nucleos  (fig.  292). 

3.  Pbytomyceies  (moulds)  occur  in  pitiid 
'  urine  (fig.  330,  f).  They  are  without  clinical  ag- 
p  nificance. 

F.  Tube  casta. —The  occurrence  of  tube  caBj, 
i'.(.,  casts  of  the  uriniferous  tubules  [^Hrmlt,  1S3;), 
'  is  of  great  importance  in  the  diagnuais  of  rcaal 

^>S-  33<^-  diseases.     If  these  structuies  are  lelalivelj  thick 

Fungi  in  urine      1,  mould; /,  yeas! ;  d,  g,  and  straight,  they  probably  come  from  the  collta- 
L   micrococci  and  bacilli ;  a,  b,  <,  uric  acid.       '"fi  tubules,  but  if  they  are  smaller  and  twiaed, 
they  probably  come  from  the  convoluted  tabole. 
There  are  various  fonns  of  tube  casts;     I.  Epithelial  caate,  consisting  of  the  actual  cells  of 
the  uriniferous  tubules.     They  indicate  that  there  is  no  very  great  change  going  on,  butaui 
that,  as  in  caUrrhal  intlammalion  of  any  mucous  memltrace,  the  epilheliam  is  in  proceai  of  des- 
quamaiion.     z.  Hyaline  casts  (fig.  337)  are  quite  clear  and  homogeneous,  usually  loi^  aid 
small ;  sometimes  they  are  "  finely  granular,"  from  the  presence  of  fat  or  other  particlea.     The; 
are  b«t  seen  afier  the  addition  of  a  solution  of  iodine.     They  are  probably  foniied  from  alboffiia, 
which  passes  into  the  uriniferous  tubules.     They  are  dissolved  in  alkaline  utk. 
while  acid  urine  favors  ihdr  formation.     They  usually  ocz\st  in  the  late  stages  n' 
renal  disease,  after  the  tubular  epilheiiom  has  been  shed.     3.  Coarsely  granu- 
lar casts  (hg.  336)  are  brownish-yellow,  opaque,  and  grinalai,  usually  broader  tbiD 
3.  There  are  various  forms.     Not  unfrequently  there  are  fatty  gnn- 
uies.  and,  it  may  be,  epithelial  cells  in  them.    4.  Amyloid  eattt 
occur  in  amyloid  degeneration  of  the  kidneys  (fig.  337).     They  art 


Fig- 33'-  f'ig-Sa^'  Fig- 333-  Fig.  334.     .         Fig.  335, 

F'g-  33»-— El»''>=lial  casts.      Fig.  331.— Blood  east.      Fig.  333.— Leucocyte  cart.      Fig.  334.- 
Add  sodic  urate  in  cylinder.     Fig.  335. — Finely  granular  cast. 

a  blue  color  (amyloid  re 
e.     5.  Blood  casts  occur  in  capil' 
id  entangling  blood -corpuscles  (hg. 
b  always  fllbuB 

Leucocyte  casts  occur  in  suppurating  conditions  of  the  urinary  tubules  (fig.  337).    The  una 
in  the  fbim  of  casts  (hg.  334)  are  without  signihcance. 

II.  Unorganized  Depoaits. 

Some  of  thrse  are  cryatalline  and  others  are  amorphous,  and  they  have  been  referred  in  i 
treating  of  the  urinaiy  constituents. 

271.  SCHEME  FOR  DETECTING  URINARY  DEPOSITS.-^ 
I.    In  acid  urine  there  may  occur — 
I.  An  amorpfaoua  granular  deposit  1 
(d)  Which  is  dissolved  by  faeai  and  reappears  in  the  cold ;  the  deposit  is  often  reddidi  i 
colour  ^uratea  (fig.  316). 
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(i)  Which  U  not  dissolved  by  heal  bul  'a  dissolved  b;  acetic  acid,  bnl  without  efTerves- 
cence  ^pnriisbly  Iribaaic  calcic  phosphate. 

[i]  Small,  bright  refraclive granules,  soluble  ia  ethers  fat  or  oil  gTaniileB(j  41),  (LipEemia). 
FaJ  occurs  in  the  urine,  espcciallf  when  the  round  wonn,  FiUria  sanguinis  hominis, 
is  present  in  the  blood;  sometimes,,  aJong  with  sugar,  in  phthisis,  poisoning  vrith 
pbosphoms,  jellow  tever.  ppemia,  after  long-contioued  suppuration,  and  lastly,  after 
the  injeclioQ  of  fat  or  milk  into  the  blood  (i  101).  It  occurs  also  io  fatty  degeuera- 
lionofthe  urinary  apparatus,  admiiture  with  pus  rrom  old  abscesses,  and  after  severe 
injUTJes  to  bones.  In  these  cases  attention  ought  to  be  directed  to  the  presence  of 
cbolesterin  and  lecithin.  Very  rarely  is  the  fat  preseal  in  such  amouol  in  the  urine 
as  lo  form  a  cream  on  the  surface  (cbyluria). 


I 


Fig.  340- 
,-  i,  with  leucocytes;  c,  with 
if  lime ;  *,  c,  crystalline  neutral 
le  or  triple  phosphate. 


Fig. 


Fig.  337-  Fig,  339. 

'■'B'  jjo- — Coarsely  granular  casts.     Fig.  337. — Hyaline  cas 
renal  epilbelium.     Fig.  338, — a,  Granules  of  calcic  caiboi 
calcic    phosphate.      Fig.    339. — Ammonioraagnesic    pho 
340. — Impnfect  and  feathery  forms  of  the  same. 
2.  A  crjrstallinc  deposit  may  be — 
{1)  Uric  acid  (fig.  312). 

{i)  Calcium  oxalate  (fig.  314) — octahedra  insoluble  in 
(0  Cyatin  (fig.  328). 

{J)  Leucin  and  tyroain — very  rare  (fig.  329). 
11.  In  alkaline  urine  there  may  occur — 
I.  A  tcmpltUty  atnorphoue  gTanuUr  deposit,  soluble 

tribasic  calcium  phosphate. 
I.  Stdiment  crystalline,  orwUA  a  tkararlfrhtU  form. 
(a)  Triple  phosphate  (figs.  339,  340],  soluble  at  once  in  adds. 
\b)  Acid  ammonium  urate— dark  yellowish  small  balls,  often  heset  with  spines,  also 

amorphoos  (fig.  341). 
(<)  Calcium   carbonate — small   whitish  l>alls  or  biscuit- shaped  bodies.     Acids  dissolve 
them  with  effervescence  (fig.  33S). 


a  acids  withoni  effervescence 
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(t/)  Leucin  and  tyrosin  (fig.  329) — very  rare. 

{g)  Neutral  calcic  phosphate  and  long  plates  of  tribasic  magnesic  phosphate  (6g.  342). 
Organized  deposits  may  occur  both  in  alkaline  and  in  acid  urine;  pus-cells  are  more 
abundant  in  alkaline  urine,  and  so  are  the  lower  vegetable  organisms. 

272.  URINARY  CALCULI. — Urinary  concretions  may  occur  in  gran- 
ules the  size  of  sand,  or  in  masses  as  large  as  the  fist.  According  to  their  size 
they  are  spoken  of  as  sand,  gravel,  stone  or  calculi.  They  occur  in  the 
pelvis  of  the  kidney,  ureters,  bladder,  and  sinus  prostaticus. 

We  may  classify  them  as  follows  (^t/itzmanri) : — 

1.  Calculi,  whose  nucleus  consists  of  the  sedimentary  deposits  that  occur  in  acid  oiine 
(primary  formation  of  calculi).  They  are  all  formed  in  the  kidney,  and  pass  into  the  bladder, 
where  they  enlarge  by  the  deposition  of  matter  on  their  surface. 

2.  Calculi,  which  are  either  sedimentary  forms  from  alkaline  urine,  or  whose  nodeus  con- 
sists of  z.  foreign  body  (secondary  formation  of  calculi).     They  are  formed  in  the  bladder. 

The  primary  formation  of  calculi  begins  with  free  uric  acid  in  the 
form  of  sheaves  (Bg.  312),  which  form  a  nucleus,  with  concentric  layers 
of  oxalate  of  lime.  The  secondary  formation  occurs  in  fuutral  urine 
by  the  deposition  of  calcic  carbonate  and  crystalline  calcic  ]>hosphate; 
in  alkaline  urine,  by  the  deposition  of  acid  ammonium  urate,  tripie 
phosphate,  and  amorphous  calcic  phosphate. 
^^•\     I    '  ^^H  Chemical  Investigation. — Scrape  the  calculus,  bum  the  scrapbgs 

flH^V'^!"!^^^ '      on  platinum  foil  to  ascertain  if  they  are  bunied  or  not. 
^^^f\m\  .\ '  ,-  ]^  !•  Combustible  concretions  can  consist  only  of  organic  sobstancesw 

*  '  *.'  ^^^K  '^^^  (^)  '^PP^^  ^^^  murexide  test  (J  259,  2),  and,  if  it  succeeds,  uric  acid 

•\:  .^  ^^/f 'fm' *      is  present.     Uric  acid  calculi  are  very  common,  often  of  considerabic 
P .  ^  ^^T'^^J^^      size,  smooth,  fairly  hard,  and  yellow  to  reddish-brown  in  color. 
;j.,C^*  '^^^k,         (b)  If  another  portion,  on  being  boiled  with  caustic  potash,  gives 
:  fitf^ :  "*  V^^^      the  odor  of  ammonia  (or  when  the  vapor  makes  damp  turmeric  paper 
*''^^*^  -»«r^^^      brown,  or  if  a  glass  rod  dipped  in  HCl  and  held  over  it  gives  white 
P*  fumes  of  ammonium  chloride),  the  concretion  contains  ammonium 

^*  '^^  '  urate.      If  b  gives  no  result,  pure  uric  acid  is  present.     Calculi  of 

Acid  ammonium  urate,     ammonium  urate  are  rare,  usually  small,  of  an  earthy  consistence,  L  e^ 

soft  and  pale  yellow  or  whitish  in  color. 
(r)  If  the  xanthin  reaction  succeeds  (J  260),  this  substance  is  present  (rare).     Indigo  his 
been  found  on  one  occasion  in  a  calculus  ( Ord). 

id)  If,  after  solution  in  ammonia,  hexagonal  plates  (Bg.  328,  A)  are  found,  cystin  is  present 
\e)  Concretions  of  coagulated  blood  or  fibnn,  without  any  crystals,  are  rare.    When  bomed 

they  give  the  odor  of  singed  hair.  They  are  insoluUe  in 
water,  alcohol,  and  ether ;  but  are  soluble  in  caustic  potash, 
and  are  precipitated  therefrom  by  adds. 

(/)  Urostealith  is  applied  to  a  caoutchouc-like  soft  elastic 
substance,  and  is  very  rare.  When  dry  it  is  brittle  and  hard, 
,m  ^^^  ^>^  J\J^  Ul  brown  or  black.  When  warm  it  softens,  and  if  more  heat  be 
^tC^(\  l«l  iS.^^  ^5  applied  it  melts.  It  is  soluble  in  ether,  and  the  residue  after 
K^U  ^^^^O^  ^^  evaporation  becomes  riolet  on  being  heated.  It  is  soluble  ia 
^^  ^^   ^^      warm  caustic  potash,  with  the  formation  of  a  soap. 

Fig.  342.  II.  If  the  concretions  are  only  partly  combustible,  the 

Basic  magnesic  phosphate.  leaving  a  residue,  they  contain  organic  and  inorganic  con- 

stituents. 

(a)  Pulverize  a  part  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The  urates  are  dis- 
solvoi.  To  test  if  the  uric  acid  is  united  with  soda,  potash,  lime,  or  magnesia,  the  filtrate  is 
evaporated  and  burned.  The  ash  is  investigated  with  the  spectroscope  ({  14),  when  the  char- 
acteristic bands  of  sodium  or  potash  are  observed.  Magnesic  urate  and  calcic  urate  are  changed 
into  carbonate  by  burning.  To  separate  them,  dissolve  the  ash  in  dilute  hydrochloric  add,  aad 
filter.  The  filtrate  is  neutralized  with  ammonia,  and  again  redis.solved  by  a  few  drops  of  acetic 
acid.  The  addition  of  ammonium  oxalate  precipitates  calcic  oxalate.  Filter,  and  add  to  the 
filtrate  sodic  phosphate  and  ammonia,  when  tne  magnesia  is  precipitated  as  sunroonio-magnesic 
phosphate. 

(b)  Calcic  oxalate  (especially  in  children,  either  as  snudl  smooth  pale  stones,  or  in  datk, 
warty,  hard  **  mulberry  calculi")  is  not  affected  by  acetic  acid,  is  dissolved  by  mineial  acids 
without  effervescence,  and  again  precipitated  by  ammonia.  Heated  on  platinum  foils  it  doos 
and  blackens,  then  it  becomes  white,  owing  to  the  formation  of  calcic  carbonate,  which 
vesces  on  the  addition  of  an  acid. 
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(c)  Calcic  carbonate  (chiefly  in  whitish-gray,  earthy,  chalk- like  calculi,  somewhat  rare, 
dissolves  with  eflfervescence  in  hydrochloric  acid.  When  burned  it  6rst  becomes  black,  owing 
to  admixture  with  mucus,  and  then  white. 

(^  Amroonio-magnesic  phosphate  and  basic  calcic  phosphate  usually  occur  together 
in  soft,  white,  earthy  stones,  which  occasionally  are  very  large.  These  stones  show  that  the  urine 
has  been  ammoniacal  for  a  very  long  time.  The  first  substance  when  heated  gives  the  odor  of 
ammonia,  which  is  more  distinct  when  heated  with  caustic  potash ;  is  soluble  in  acetic  acid 
without  effervescence,  and  is  again  precipitated  in  a  crystalline  form  from  this  solution  on  the 
addition  of  ammonia.  When  heated  it  fuses  into  a  white  enamel-like  mass;  [hence,  it  is  called 
"fusible  calculus"].  Basic  calcic  phosphate  does  not  effervesce  with  acids.  The  solution 
m  hydrochloric  add  is  precipitated  by  ammonia.  When  ammonium  oxalate  is  added  to  the  acetic 
add  solution,  it  yields  caldc  oxalate. 

{f)  Neutral  calcic  phosphate  is  rare  in  calculi,  while  it  is  frequent  in  the  form  of  gravel. 
Physically  and  chemically,  these  concretions  resemble  the  earthy  phosphates,  only  they  do  not 
contain  magnesia. 

273.  THE  SECRETION  OF  URINE.— [The  functions  of  the 
kidney  are — 

1.  To  excrete  waste  products,  chiefly  nitrogenous  bodies  and  salts; 

2.  To  excrete  water; 

3.  And  perhaps  also  to  reabsorb  water  from  the  uriniferous  tubules,  after 

it  has  washed  out  the  waste  products  from  the  renal  epithelium. 

The  chief  parts  of  the  organs  concerned  in  i,  are  the  epithelial  cells  of  the 
convoluted  tubules ;  the  glomeruli  permit  water  and  some  solids  to  pass  through 
them,  while  the  constrictions  of  the  tubules  may  prevent  the  too  rapid  outflow 
of  water,  and  thus  enable  part  of  it  to  be  reabsorbed.] 

Theories. — The  two  chief  older  theories  regarding  the  secretion  of  urine 
are  the  following:  i.  According  to  Bov^man  (1842),  through  the  glomeruli 
are  filtered  only  the  wa/^r  and  some  of  the  highly  diffusible  and  soluble  salts 
present  in  the  blood,  while  the  specific  urinary  constituents  are  secreted  by  the 
activity  of  the  epithelium  of  the  urinary  tubules,  and  are  extracted  or  removed 
from  the  epithelium  by  the  water  flowing  along  the  tubules.  This  has  been 
called  the  "vital"  theory.  2.  C.  Ludv^ig  (1844)  assumes  that  v^ry  dilute 
urine  is  secreted  or  filtered  through  the  glomerulus.  As  it  passes  along  the 
urinary  tubules  it  becomes  more  concentrated,  owing  to  endosmosis.  It  gives 
back  some  of  its  water  to  the  blood  and  lymph  of  the  kidney,  thus  becoming 
more  concentrated,- and  assuming  its  normal  character.  [This  is  commonly 
known  as  the  "  mechanical  theory.'*] 

The  secretion  of  urine  in  the  kidneys  does  not  solely  depend  upon  definite 
physical  forces.  A  great  number  of  facts  force  us  to  conclude  that  the  vital 
activity  of  certain  secretory  cells  plays  a  foremost  part  in  the  process  of  secre- 
tion {R,  Heidenhain)* 

The  secretion  of  urine  embraces — (i)  The  v^ater,  and  (2)  the  urinary 
constituents  therein  dissolved;  both  together  form  the  urinary  secretion. 
Xhe  amount  of  urine  depends  chiefly  up>on  the  amount  of  water  which  is 
filtered  through  or  secreted  by  the  glomeruli ;  the  amount  of  solids  dissolved 
in  the  urine  determines  its  concentration. 

(A)  The  amount  of  urine,  which  is  secreted  chiefly  within  the  Malpighian 
oapeules,  depends  primarily  upon  the  blood-pressure  in  the  area  of  the  renal  artery, 
and  follows,  therefore,  the  laws  of  filtration  (§  191,  II)  (^Ludwig  and  Goll), 
[^In  this  respect  the  secretion  of  urine  differs  markedly  from  that  of  saliva, 
g3Stric  juice,  or  bile.  We  may  state  it  more  accurately  thus,  that  the  amount 
of  urine  depends  very  closely  upon  the  differences  of  pressure  between  the  blood 
i  n  the  glomeruli  and  the  pressure  within  the  renal  tubules.  If  the  ureter  be 
I  featured,  the  secretion  of  urine  is  ultimately  arrested,  even  although  the  blood- 
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pressure  be  high.  The  secretion  may  also  be  arrested  by  ligature  of  the  renal 
vein ;  and  in  some  cases  of  cardiac  pulmonary  disease  the  venous  congestion 
thereby  produced  may  bring  about  the  same  result.] 

Glomerular  Epithelium. — The  amount  of  urine  secreted  does  not  depend 
upon  the  hydrostatic  pressure  alone,  but  it  seems  that  the  epithelial  cells  cover- 
ing the  glomerulus  also  participate  actively  in  the  process  of  secretion.  Besides 
the  water,  a  certain  amount  of  the  salts  present  in  the  urine  are  excreted  through 
the  glomeruli.  The  serum- albumin  of  the  bloody  however^  is  prevented  frm 
passing  through.  With  regard  to  the  secretory  activity  of  these  cells,  the  quan- 
tity of  water  must  also  depend  upon  the  amount  of  the  urinary  constituents  and 
water  present  in  the  blood  (^R,  Heidenhairi). 

Only  when  the  vitality  of  the  secretory  cells  is  intact  is  there  independent  activity  of  titex 
secretory  cells  ( Ileidenhain).  When  the  renal  artery  is  closed  temporarily,  their  activity  is  psr- 
aiyzed,  so  that  the  kidneys  cease  to  secrete,  and  even  after  the  compression  is  removed  and  tbe 
circulation  is  re-established,  secretion  does  not  take  place  for  some  time  (Overh^ck), 

That  the  secretion  depends  in  part  upon  the  blood- pressure  is  proved 
by  the  following  considerations : — 

1 .  Increase  of  the  total  contents  of  the  vascular  system  so  as  to  increase  the 
blood-pressure f  increases  the  amount  of  water  which  filters  through  the  glome- 
ruli. The  injection  of  water  into  the  blood-vessels,  or  drinking  copious 
draughts  of  water,  acts  partly  in  this  way.  If  the  blood -pressure  rises  above  a 
certain  height,  albumin  may  pass  into  the  urine.  The  active  participation 
of  the  cells  of  the  glomeruli  is  rendered  probable  by  the  fact  that,  after 
very  copious  drinking,  the  blood-pressure  is  not  always  raised  {Pctwlow)] 
further,  after  copious  transfusion,  the  quantity  of  urine  is  not  increased.  Con- 
versely, the  loss  of  water  owing  to  profuse  sweating  or  diarrhoea,  copious  hem- 
orrhage, or  prolonged  thirst,  diminishes  the  secretion  of  urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system,  provided  the  pressnre 
within  the  renal  area  be  thereby  increased,  acts  iYi  a  similar  manner.  This  mar 
be  produced  by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of 
cold,  stimulation  of  the  vaso-motor  centre,  or  large  vaso-motor  nerves,  ligature, 
or  compression  of  large  arteries  (§  85,  <?),  or  enveloping  the  extremities  in  tight 
bandages.  All  these  conditions  cause  an  increase  in  the  amount  of  urine,  and 
of  course  the  opposite  conditions  bring  about  a  diminution  of  urine,  e.g.,  the 
action  of  heat  on  the  skin  causing  redness  and  dilatation  of  the  cutaneous  ves- 
sels, weakening  of  the  vaso-motor  centre,  or  paralysis  of  a  large  number  of  vaso- 
motor nerves. 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of  the  blood 
in  the  arteries  are  increased  (§  85,  r),  augments  the  amount  of  urine ;  conversely,- 
feeble  action  of  the  heart  (paralysis  of  motor  cardiac  nerves,  disease  of  the  car- 
diac musculature,  certain  valvular  lesions)  diminishes  the  amount.  Artificial 
stimulation  of  the  vagi  in  animals,  so  as  to  slow  the  action  of  the  heart,  and 
thus  diminish  the  mean  blood-pressure  from  130  to  100  mm.  Hg,  causes  a  dimi- 
nution in  the  amount  of  urine  to  the  extent  of  one-fifth  {Golly  CL  Bernard)'. 
when  the  pressure  in  the  aorta  falls  to  40  mm.  the  secretion  of  urine  ceases.  [If 
the  medulla  oblongata  be  divided  (dog),  there  is  an  immediate  fall  of  the  gen- 
eral blood-pressure,  and  although,  as  a  general  rule,  the  secretion  of  urine  is 
arrested  when  the  pressure  falls  to  40  to  50  mm.  Hg,  yet  secretion  has  beec 
observed  to  take  place  with  a  lower  pressure  than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  according  to  the  degree  cf  fid- 
ness  of  the  renal  artery  {Ludwigy  Max  Hermann)  \  even  when  this  artery  is 
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moderately  constricted  in  animals,  there  is  a  decided  diminution  in  the  amount 
of  urine. 

Pathological. — In  fever  the  renal  vessels  are  less  full  and  there  is  consecutive  diminution  of 
arine  {Mendelsohn),  It  is  most  important,  in  connection  with  certain  renal  diseases,  to  note 
that  ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes  necrosis 
of  the  epithelium  of  the  uriniferous  tubules.  When  the  arterial  anaemia  is  kept  up  for  a  long 
time,  the  whole  renal  tissue  dies  {LUten),  After  long-continued  ligation  of  the  renal  artery, 
the  epithelium  of  the  glomeruli  becomes  greatly  changed  (Ribberi). 

5.  Most  diuretics  act  in  one  or  other  of  the  above-mentioned  ways. 

[Some  diuretics  act  by  increasing  \ht  general  blood-pressure  (digitalis  and  the  action  of  cold 
on  the  skin),  others  may  increase  the  blood- pressure  locally  within  the  kidney,  and  this  they  may 
do  in  several  ways.  The  nitrites  are  said  to  paralyze  the  muscular  fibres  in  the  vasa  afferentia, 
and  thus  raise  the  blood-pressure  within  the  glomeruli.  But  some  also  act  on  the  secretory  epi- 
iheliuM^  such  as  urea  and  cafTein.  Brunton  recommends  the  combination  of  diuretics  in  appro- 
priate cases,  and  the  diuretics  must  be  chosen  according  to  the  end  in  view — as  we  wish  to  re- 
move excess  of  fluids  from  the  tissues  and  serous  cavities,  or  as  we  wish  to  remove  injurious  waste 
products,  or  merely  to  dilute  the  urine.] 

[6.  The  amount  of  urine  also  depends  upon  the  composition  of  the  blood. 
Drinking  a  large  quantity  of  water,  whereby  the  blood  becomes  more  watery ,  in- 
creases the  amount  of  urine,  but  this  is  true  only  within  certain  limits.  It  is 
not  mchrely  the  increase  of  volume  of  the  blood  acting  mechanically  which  causes 
this  increase,  as  we  know  that  large  quantities  of  fluid  may  be  transfused  with- 
out the  general  blood-pressure  being  materially  raised  thereby.] 

[Heidenhain  argues  that  it  is  not  so  much  the  pressure  in  the  glomeruli  as 
the  velocity  of  the  blood,  which  determines  the  process  of  the  secretion  of 
water  in  the  kidney.  He  contends  that,  while  increase  of  the  pressure  in  the 
renal  artery  causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein, 
whereby  the  pressure  in  the  glomeruli  is  also  increased,  arrests  the  secretion 
altogether.  In  both  cases  the  pressure  is  increased  within  the  glomeruli,  and 
the  two  cases  differ  essentially  in  the  velocity  of  the  blood-current  through 
the  glomeruli.] 

Pressure  in  the  Vas  Afferens. — The  pressure  in  each  vas  afferens  must 
be  relatively  great,  because  (i)  the  double  set  of  capillaries  in  the  kidney  offers 
considerable  resistance,  and  (2)  the  lumen  of  the  vas  efferens  is  narrower  than 
that  of  the  vas  afferens.  Hence,  owing  to  the  high  blood-pressure  in  the  capil- 
laries of  the  renal  glomeruli,  filtration  must  take  place  from  the  blood  into  the 
Vfalpighian  capsules.  When  the  vasa  afferentia  are  dilated,  the  filtration -pres- 
mre  is  increased,  while,  when  they  are  contracted,  the  secretion  is  lessened. 
IVhen  the  pressure  becomes  so  diminished  as  to  retard  greatly  the  blood-stream 
n  the  renal  vein,  the  secretion  of  urine  begins  to  be  arrested.  Occlusion  of 
the  renal  vein  completely  suppresses  the  secretion  {If,  Meyer ,  v*  Frerichs), 
Ludwig  concluded  from  this  observation  that  the  filtration  or  excretion  of  fluid 
:ould  not  take  place  through  the  renal  capillaries ^r^/^r,  as,  owing  to  occlusion 
)f  the  renal  vein,  the  blood-pressure  in  these  capillaries  must  rise,  which  ought 
o  lead  to  increased  filtration.  Such  an  experiment  points  to  the  conclusion 
hat  the  filtration  must  take  place  through  the  capillaries  of  the  glomeruli.  The 
renous  stasis  distends  the  vas  efferens,  which  springs  from  the  centre  of  the 
glomerulus,  and  compresses  the  capillary  loops  against  the  wall  of  the  Mal- 
>ighian  capsule,  so  that  filtration  cannot  take  place  through  them.  It  is 
lot  decided  whether  any  fluid  is  given  off  through  the  convoluted  urinary 
ubules. 

Venous  congestion  in  the  kidneys  diminishes  the  quantity  of  urine  and  the  urea.     The  NaCl 
emains  constmnt,  but  pathological  albumin  is  increased  {Senator  and  Munk). 
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Pressure  in  Ureter. — As  the  blood-pressure  in  ihe  renal  artery  is  about 
120  lo  140  mm.  Hg,  and  the  urine  in  the  ureter  is  moved  along  by  a  very  sli|hi 
propelling  force,  so  that  a  counter- pressure  of  from  10  {Lobelf)  to  40  mm.  of 
Hg  is  sufficient  to  arrest  its  flow,  it  is  clear  that  the  blood -pressure  can  also  aci 
as  a  vis  a  Urgo  to  propel  the  urine  through  the  ureter.  The  pressure  in  the 
ureter  is  measured  by  dividing  the  ureter  transversely  and  inserting  the  mano- 
meter in  it. 

(B)  Secretory  Activity  of  the  Renal  Epithelium. — The  degree  of 
concentration  of  the  urine  also  depends  upon  the  quantity  of  the  disso]v«<l 
constituents  which  has  passed  from  the  blood  into  the  urine.  The  secretory 
cells  of  the  convoluted  tubules,  by  their  own  proper  vital  activity,  seem  to  be 
able  to  take  up,  or  secrete,  some  at  least  of  these  substances  from  the  blood 
{^Bffwman,  HHdenhain).  The  watery  part  of  the  urine,  containing  only  easily 
diffusible  salts,  as  it  flows  along  the  tubules  from  the  glomeruli,  extracts  ot 
washes  out  these  substances  from  the  secretory  epithelium  of  the  coovolnted 
tubules. 

Experiments  with  sulphindigotate  of  soda. — i.  Sulphindigotate  of 
soda  and  sodium  urate,  when  injected  into  the  blood,  pass  into  the  urine,  and 


fig.  3«-  fig  344-  t'E-  34S. 

Fig.  343. — Section  of  ■  rabbit's  kidney  after  ihe  injection  of  a  large  quanlity  of  suIphiDdigau'.e 

of  5oda  into  the  blood.     Fig.  344.— Section  of  a  rabbit's  kidney.     Section  of  Ibe  ^ti. 

cord  and  subsequent  injeclion  of  sulphindigotate  of  sodn.     Note  that  ihe  pigment  b  tan- 

lined  to  the  codex.     Fig.  345. — Section  of  a  rabtnt's  kidney.     The  surface  between  i  aod  : 

•     '     —        •     •  c»a  /e,fi,Ji,ba: 

are  found  within  the  protoplasma  of  the  ce/is  of  the  (onvoluted  tubules  [only  in 
those  parts  lined  by  "  rodded  "  epithelium],  but  not  in  the  Malpighian  cap- 
sules i^Heidenkain).  A  little  later  these  substances  are  found  in  the  biMen  of 
the  urinary  tubules,  from  which  they  are  washed  out  by  the  watery  pan  of  the 
urine  coming  from  the  glomeruli.  If,  however,  two  days  before  the  injectioc 
of  these  substances  into  the  blood,  the  cortical  part  of  the  kidney  containing 
the  Malpighian  capsules  be  cauterized  \e-g-,  by  nitrate  of  silver],  or  sliced  off, 
the  blue  pigment  remains  within  the  convoluted  tubules.  It  cannot  be  carried 
onward,  as  the  water  which  should  carry  it  along  has  ceased  to  be  secreted, 
owing  to  the  destruction  of  the  glomeruli.  This  experiment  also  goes  to  show 
that  through  the  glomeruli  the  watery  part  of  the  urine  is  chiefly  excreted,  whitt 
through  the  convoluted  tubules  the  specific  urinary  constituents  are  excreted. 

[When  a  large  quantity  of  the  pure  sulphindigotate  is  injected  into  the  blood, 
within  less  than  half  an  hour  the  cortex  and  pyramids  become  deep  blue;  the 
boundary  zone,  as  a  rule,  is  lighter  in  tint  (tig.  343).  The  blue  pigment  is  found 
in  the  epithelium  of  the  convoluted  tubules,  or  in  their  lumen,  but  never  in  the 
epithelium  of  the  straight  tubules,  although  a  large  amount  is  found  in  Ihe 
lumina,  especially  of  the  collecting-tubes,] 

[If,  however,  the  spinal  cord  be  divided  so  as  to  lower  the  arterial  blood-    | 
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pressure,  and  thus  arrest  the  secretion  of  water,  and  a  small  quantity  of  the 

sulphindigotate  be  injected  into  the  blood,  the 

blue  pigment  is  secreted  from  the  lymph,  itself 

nearly  colorless,  by  the  convoluted  tubules  and 

the  looped  tubules  of  Henle.     Owing  to  the 

arrest  of  the  watery  part  of  the  secretion,  the 

pigment  remains  in  the  cortex  and  the  kidney 

presents  the  appearance  shown  in  fig.  344.] 

[Fig-  345  shows  the  effect  of  cauterizing  the 
surface  of  the  kidney  with  silver  nitrate.  In 
the  cauterized  area  the  secretion  of  water  within 
the  capsules  ceases,  while  the  secretion  of  the 
pigment  by  the  convoluted  tubules  is  not  ar- 
rested, so  that  in  the  normal  areas  one  has  the 
appearances  shown  in  fig.  343  and  in  the  cau- 
terized area  that  of  fig.  345J. 

Uric  acid  salts,  injected  into  the  blood, 
were  observed  by  Heidenhain  to  be  excreted 
by  the  convoluted  tubules.  Von  Wittich  had 
previously  observed  that  in  birds,  crystals  of 
uric  acid  were  excreted  by  the  epithelium  of 
the  convoluted  tubules.  [The  presence  of  crys- 
tals of  uric  acid  in  the  renal  epithelium  was 
observed  by  Bowman,  and  used  as  an  argument 
to  support  his  theory.]  Nussbaum,  in  1878, 
stated  that  urea  is  secreted  by  the  urinary 
tubules  and  not  by  the  glomeruli. 

The  same  is  true  for  the  bile-pigments^  for  the  iron  salts 
3f  the  vegetable  acids  when  injected  subcutaneously,  and 
for  bsemc^lobin.  After  injection  of  milk  into  the  blood- 
ressels,  nnmerous  fatty  granules  occur  within  the  epithe- 
lium of  the  urinary  tubules  (J  102).  Fig.  346. 

Excretion  of  Pigments. — Only  during  very  copi-  Veins  of  the  frog,  semi-diagrammatic. 
3US  excretion  does  the  glomeruli  participate.  After  5.  F.,sinusvenosus;  ^^,Z^, right, 
he  introduction  of  a  large  amount  of  sodic  sulphindigo- 
ate,  and  when  the  experiment  has  lasted  for  a  long  time, 
he  epithelium  of  the  glomerulus  becomes  blue.  In 
dbuminuria,  the  abnormal  excretion  of  urine  takes 
>lace  first  in  the  urinary  tubules,  and  afterwards  in  the 
iffalpighian  capsules ;  Hb  is  partly  found  in  the  capsules. 
Ucording  to  Nussbaum,  egg-albumin  passes  out  through 
he  Malpighian  capsules. 


left  auricles;  F,  ventricle; /r-r,  pre- 
caval;  ^jryM.,  external  jugular;  ('. 
/m., internal  jugular;  s-sc,  subscap- 
ular; m,  innominate ;  j-^/,  subcla- 
vian ;  br^  brachial ;  m-cty  musculo- 
cutaneous ;  pc^  post-caval ;  sc^  sci- 
atic ;  /.v.,  pelvic ;  rp^  renal-ponal ; 
d,'l.^  dorso-lumbar ;  o^  veins  from 
oviduct ;  r.z/,  renal ;  a,  ab^  anterior 
abdominal;  ^/,  vesical;  /,  portal, 
and  h^  hepatic  veins ;  ^,  kidneys ; 
I,  alimentary  canal  with  its  capil- 
laries ;  /,  capillaries  of  liver ;  //, 
pulmonary  veins. 


[Nussbaum' s  Experiments. — In  the  frog 
md  neivty  the  kidney  is  supplied  with  blood 
D  a  manner  different  from  that  obtaining  in 
[tammals.  The  glomeruli  are  supplied  by 
tranches  of  the  renal  artery.  The  tubules  are 
applied  by  the  renal-portal  vein  (fig.  346).  The  vein  coming  from  the  poste- 
ior  extremities  divides  at  the  upper  end  of  the  thigh  into  two  branches,  one  of 
rhich  enters  the  kidney,  and  breaks  up  to  form  a  capillary  plexus,  which  sur- 
ounds  the  uriniferous  tubules,  but  this  plexus  is  also  joined  by  the  efferent 
essels  of  the  glomeruli.  These  two  systems  are  partly  independent  of  each 
ther.  After  ligaturing  the  renal  arteries,  Nussbaum  asserted  that  the  circula- 
ion  in  the  glomeruli  was  cut  off,  while  ligature  of  the  renal-portal  vein  excluded 
be  functioual  activity  of  the  tubules.  By  injecting  a  substance  into  the  blood, 
fter  ligaturing  either  the  arteries  or  renal-portal  vein,  and  observing  whether 
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it  occurs  in  the  urine,  he  infers  that  it  is  given  off  either  by  the  glomeruli  or 
the  tubules.  Sugar,  peptones y  and  egg-albumin  rapidly  pass  through  an  intact 
kidney,  but  if  the  renal  arteries  be  tied  they  are  not  excreted.  Urea  when 
injected  into  the  circulation  is  excreted  after  the  arteries  are  tied,  so  that  it  is 
excreted  through  the  tubules,  but  at  the  same  time  it  takes  with  it  a  consider- 
able quantity  of  water.  Thus,  water  is  excreted  in  two  ways  from  the  kidney^ 
by  the  glomeruli  and  also  from  the  venous  plexus  around  the  tubules  along  with 
the  urea.  Indigo-carmine  merely  passes  into  the  tubular  epithelium  of  the 
convoluted  tubules,  but  it  does  not  cause  a  secretion  of  urine.  Aldumttt  passes 
through  the  glomeruli,  but  only  after  their  membranes  have  been  altered  in 
some  way,  as  by  clamping  the  renal  artery  for  a  time.] 

[Adami's  Experiments  on  the  kidney  of  the  frog  tend  to  show  that  Nossbaam^s  condusions 
are  not  justified,  for  Adami  found  that  if  the  renal  arteries  in  the  frog  be  ligatured,  witfain  a 
few  hours  a  collateral  circulation  is  established  and  a  certain  amount  of  blood  flows  tfaroogb 
the  kidney.  He  proved  this  by  injecting  into  the  blood  carmine  or  painter's  venmllioo,  in  a 
state  of  fine  suspension,  and  after  ligature  of  the  renal  arteries  he  found  it  in  many  of  the 
glomeruli,  while  laky  blood  similarly  injected  revealed  its  presence  as  menisci  of  Hb  in  t^ 
Malpighian  corpuscles.  Even  secretion  of  some  urine  may  go  on  after  ligature  of  the  resal 
arteries.  It  is  evident,  then,  that  Nussbaum's  method  is  not  a  reliable  one  for  locating  the  parts 
of  the  kidney  through  which  certain  substances  are  excreted.  Adami's  experiments  also  give 
some  support  to  Heidenhain's  view  that  the  glomerular  epithelium  *'  possesses  powers  of  a  adec- 
tive  secretory  nature,"  for  he  finds  that  in  frogs,  after  ligature  of  the  renal  arteries,  where,  of 
course,  the  pressure  in  the  glomeruli  is  just  nearly  that  in  the  veins,  and  in  the  dog  after  scctioc 
of  the  spinal  cord,  so  that  the  blood -pressure  has  fallen  below  40  mm.  Hg,  whereby  the  »ecretioc 
of  urine  is  arrested,  the  injection  of  laky  blood  causes  Hb  to  appear  in  the  capsules,  akhoogt: 
there  is  no  simultaneous  excretion  of  water.] 

2.  Even  when  the  secretion  of  the  watery  part  of  the  urine  is  completely 
arrested,  either  by  ligature  of  the  ureter,  or  after  a  very  great  fall  of  the  blood- 
pressure  in  the  renal  artery  [as  after  section  of  the  cervical  spinal  cord],  the 
before-mentioned  substances,  when  injected  into  the  blood,  are  found  in  the 
cells  of  the  convoluted  tubules.  The  injection  of  urea  under  these  circum- 
stances causes  renewed  secretion.  These  facts  show  that,  indei)endently  of  the 
filtration -pressure,  the  secretory  activity  of  these  cells  is  still  maintained. 

The  independent  vital  activity  of  the  secretory  cells  of  the  urinary  tubules,  which  as  rci 
we  are  unable  to  explain  on  purely  physical  grounds,  renders  it  probable  that  the  tubules  are  dci 
to  be  compared  to  an  apparatus  provided  with  physical  membranes.  This  is  proved  by  the 
following  experiment :  Abeles  caused  arterial  blood  to  circulate  through  freshly  excised  liriof 
kidneys.  A  pale  urine-like  fluid  dropped  fi-om  the  ureter.  On  adding  some  urea  or  sugar  to  tbe 
blood,  the  secretion  became  more  concentrated.  Thus,  the  excised  "  surviving  "  tddney  ahr 
excretes  substances  in  a  more  concentrated  form  than  those  supplied  to  it  in  the  diluted  btood 
streaming  through  it.  J.  Munk  obtained  similar  results  in  excised  kidneys,  with  common  saK. 
nitre,  cafiein,  grape  sugar,  glycerin,  with  increase  in  the  amount  of  urine  secreted.  The  additioc 
of  caffein  or  theobromin  to  the  perfused  blood  increases  the  secretion,  exciting  the  secretcsy  celk 
to  ^eater  activity  [y,  Sckroeder), 

Salts  and  Gases. — The  vital  activity  explains  why  the  serum  albumin  of  the  blood  does  bc< 
pass  into  the  urine,  while  egg-albumin  and  dissolved  haemoglobin  readily  do  so.  Anoong  the  1^ 
which  occur  in  the  blood  and  blood-corpuscles,  of  course  only  those  in  solution  can  pass  into  the 
urine.  Those  which  are  united  with  proteid  bodies,  or  are  fixed  in  the  cellular  elements,  canaoi 
pass  out,  or  at  least  only  after  they  have  been  split  up.  Thus,  we  may  explain  the  dxSttcoct 
between  the  salts  of  the  urine  and  those  of  the  blood.  Similarly,  the  urine  can  only  oontam  the 
absorbed  and  not  the  chemically-united  gases. 

Ligature  of  the  Ureter. — If  the  secretion  be  arrested  by  compression  or  by  ligature  of  tk 
ureter,  the  lymph-spaces  of  the  kidney  become  filled  with  fluid,  which  may  pass  into  the  blood, 
so  that  the  organ  becomes  cedematous,  owing  to  the  passage  of  fluid  into  its  Ijrmph-spaces.  Tbe 
secretion  undergoes  a  change,  as  first  water  passes  back  into  the  blood,  then  the  sodic  chkxidc, 
sulphuric,  and  phosphoric  acids  diminish,  and  lastly  the  urea  (C  Ludtoig^  Max  //errman 
Kreatinin  is  still  present  in  considerable  amount.  There  is  no  longer  secretion  of  proper  snae 
i^Lodell). 

Non-Symmetrical  Renal  Activity. — It  is  remarkable  that  both  kidneys  do  not  teuett 
symmetrically — there  is  an  alternate  condition  of  hyperemia  and  secretory  activity  00  oppco^ 
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sides  (}  100).  One  kidney  secretes  a  more  watery  urine,  which  at  the  same  time  contains  more 
NaCl  and  area.  Vou  Wittich  observed  that  the  secretion  of  uric  acid  was  not  uniform  in  all  the 
urinary  tubules  of  the  same  bird.  Extirpation  of  one  kidney,  or  disease  of  one  kidney  in  man, 
does  not  seem  to  diminish  the  secretion  (Hosensfein),  The  remaining  kidney  becomes  more 
active,  and  larger. 

Reabsorption  in  the  Kidney. — In  discussing  the  secretion  of  the  kidney,  we  must  attach 
considerable  importance  to  the  variations  in  the  calibre  of  the  renal  tubules  in  their  course. 
Perhaps  in  the  narrowing  of  the  descending  part  of  the  looped  tubule  of  Henle  there  may  be 
either  a  reabsorption  of  water,  so  that  the  mine  becomes  more  concentrated,  or  there  may  be 
absorption  even  of  albumin,  which  may  perhaps  pass  through  the  glomeruli  in  small  amount. 
[That  reabsorption  of  fluid  takes  place  within  the  kidney  was  part  of  Ludwig*s  theory,  which 
IS  practically  a  process  of  filtration  and  reabsorption.  Httfner  pointed  out  that  the  structure  of 
the  kidneys  of  various  classes  of  vertebrates  corresponded  closely  with  the  requirements  for 
reabsorption  of  water.  The  experiments  of  Ribbert  show  that  the  urine  actually  secreted  in 
the  cortex  of  the  kidney  is  more  watery  than  that  secreted  normally  by  the  entire  organ.  He 
extirpated  the  medullary  portion  in  rabbits,  leaving  the  cortical  part  intact,  and  in  this  way 
colleaed  the  dilute  urine  from  the  Malpighian  corpuscles  before  it  passed  through  Henle's 
loops.] 

274.  FORMATION  OF  THE  URINARY  CONSTITUENTS.— 

The  question  has  often  been  discussed,  whether  all  the  urinary  constituents 
ire  merely  excreted  through  the  kidneys,  /.  ^.,  that  they  exist  preformed  in  the 
blood  j  or  whether  some  of  them  do  not  exist  preformed  in  the  blood,  but  are 
formed  within  the  kidneys,  as  a  result  of  the  activity  of  the  renal  epithelium. 

Urea  is  formed  outside  the  Kidney. — Urea  exists  preformed  in  the 
3lood,  from  which  it  is  separated  by  the  activity  of  the  kidney.  This  is 
proved  by  the  following  considerations : — 

1.  The  blood  contains  one  part  of  urea  in  3000  to  5000  parts,  but  the  renal  vein  contains 
ess  area  than  the  blood  of  the  corresponding  artery. 

2.  After  extirpation  of  the  kidneys,  or  nephrectomy,  or  after  ligature  of  the  renal  vessels, 
he  amount  of  urea  accumulates  in  ihe  blood,  and  increases  with  the  duration  of  the  experiment 
0  ^^^  to  xis-  At  the  same  time  there  is  vomiting  and  diarrhoea,  and  the  fluids  so  voided  con- 
un  area  (67.  Bernard).     Animals  die  in  from  one  to  three  days  after  the  operation. 

3.  After  ligature  of  the  ureters,  the  secretion  of  urine  is  soon  arrested.  Urea  accumulates  in 
be  blood,  but  not  to  a  greater  extent  than  after  nephrectomy.  It  is  possible,  however,  that  the 
idneys,  like  other  organs,  may  form  a  small  amount  of  urea,  due  to  the  metabolism  of  their  own 
ssues. 

[Although  the  percentage  of  urea  in  the  blood  is  small,  yet  when  we  consider  the  enormous 
moont  of  blood  circulating  through  the  very  vascular  kidneys,  we  obtain  data  which  prove  that 
le  kidneys  withdraw  the  urea  from  the  blood.  A  dog  weighing  30  kilos.  (66.6  lbs.)  has  2.31 
iios.  of  blood,  I.  /.,  -j^jth  part  of  its  lx)dy- weight.  The  entire  course  of  the  circulation  is  com- 
leted  in  15  sees.,  so  that  in  24  hours  2.31  X  4  X  60  X  24  =  13305.6  kilos,  of  bluod  will  pass 
irough  the  body.  Taking  the  kidneys  as  ^^^  part  of  the  weight  of  the  body,  about  66.53 
ilos.  of  the  blood  will  pass  through  the  kidneys  in  24  hours.  Suppose  the  blood  contained 
^^y  *5  gram  urea  in  looo  cc,  66.53  kilos,  could  yield  33.3  grams  of  urea.  A  large  dog  fed  on 
»h  excretes  30-35  grams  of  urea  in  24  hours  (Munk)."] 

[Urea  exists  in  the  blood ;  whence  does  the  blood  derive  it  ?  It  can 
oly  obtain  it  from  one  or  more  of  several  organs — (i)  muscle,  (2)  nervous 
rstem,  and  (3)  glands,  of  which  the  liver  is  the  most  prominent.  This  is  best 
ated  by  the  method  of  exclusion.] 

[i.  That  urea  is  not  formed  in  muscle  is  shown,  among  other  considerations, 
|r  the  fact  that  only  a  trace  of  urea  occurs  in  muscle  (§  293),  and  that  the 
nount  is  not  increased  by  exercise.  Blood  which  has  been  transfused  through 
muscle,  or  the  blood  after  circulating  in  a  muscle  during  violent  exercise, 
)es  not  contain  an  increase  of  urea,  nor  does  the  addition  of  ammonium  car- 
3nate  to  blood  circulating  through  muscle  show  any  increase  of  urea.  Again, 
uscular  exertion  does  not  (as  a  rule)  increase  the  amount  of  urea  in  the 
ine,  as  shown  by  the  experiments  of  Fick  and  Wislicenus  (§  294),  Parkes, 
id  others.  The  excretion  chiefly  increased  by  muscular  exertion  is  the  pulmo- 
iryCO,(§i27).] 
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[2.  From  what  we  know  of  the  nervous  system,  it  is  not  formed  there.  We 
are  therefore  forced  to  consider  the  evidence  as  to  the  liver,  as  the  organ,  or, 
at  least,  the  chief  organ,  in  which  it  is  formed.  This  evidence  is  in  some 
respects  contradictory,  but  it  is  partly  experimental  and  partly  clinical.] 

[Experimental  Evidence. — Although  Hoppe-Seyler  denies  the  existence 
of  urea  in  the  liver,  (1)  its  existence  there  was  proved  by  Gscheidlen  ;  (2)  and 
Cyon,  on  passing  blood  through  an  excised  liver  by  the  **  perfusion  "  method 
of  Ludwig,  found  that  blood,  after  being  passed  several  times  through  the 
organ,  contained  an   increased  amount  of   urea.      The  objection   to  these 
experiments  is  that  Cyon's  method  of  estimating  the  urea  was   unreliable. 
(3)  But  von  Schroeder,  using  a  similar  method,  finds  that  if  the  blood  taken 
from  a  dog  in  full  digestion  be  perfused  through  the  liver,  there  is  a  slight  in- 
crease in  the  amount  of  urea,  while  there  is  no  urea  formed  when  the  blood  of 
a  fasting  dog  is  similarly  perfused.     (4)  If  ammonium  carbonate  be  added  to 
the  blood,  there  is  a  very  much  greater  amount  of  urea  in  the  blood  of  Ae 
hepatic  vein.     This  last  fact  is  confirmed  by  Salomon.     But  if  blood  nnixcd 
with  ammonium  carbonate  be  perfiised  through  an  excised  surviving  kidney, 
or  through  the   muscles  of  the  lower  limbs,  there  is  no  increase  of  urea. 
These  experiments  seem  to  point  to  ammonium  carbonate  as  being  one  of  the 
antecedents  of  urea,  which  is  further  strengthened  by  the  fact  that  the  adminis- 
tration of  ammonium  salts  increases  the  amount  of  urea  in  the  urine.     (^5)  The 
experiments  of  Minkowski  on  the  liver  of  the  goose  (§  386)  show  that,  when  the 
liver  is  excluded  from  the  circulation,  lactic  acid  takes  the  place  of  uric  acid 
in  this  bird.     (6)  Brouardel  further  states,  that  if  the  region  of  the  liver  be  so 
beaten  as  to  cause  congestion  of  that  organ,  there  is  an  increase  of  the  urea  in 
the  urine.    (7)  Noel-Paton  finds  that  some  drugs  which  increase  the  quantity  of 
bile  in  dogs  in  a  state  of  N-equilibrium  (§  178),  e,  ^.,  sodic  salicylate  and  ben- 
zoate,  colchicum,  mercuric  chloride,  and  euonymin,  also  increase  the  urea  in 
the  urine ;  he  therefore  concludes  **  that  the  formation  of  urea  in  the  liver  bears 
a  very  direct  relationship  to  the  secretion  of  bile  by  that  organ."     But  the  d^ 
struction  of  red  blood -corpuscles,  e,g,^  by  the  injection  of  pyrogallic  acid  or 
toluylendiamin  into  the  blood  by  setting  free  haemoglobin,  not  only  causes  an 
increase  of  bile,  but  it  also  increases  the  elimination  of  urea  by  the  kidneys, 
and  the  time  of  maximum  destruction  of  the  red  blood-corpuscles,  as  measoicd 
by  the  haemocytometer,  coincides  with  the  maximum  excretion  of  urea.] 

[The  clinical  evidence  points  strongly  to  the  formation  of  urea  in  the 
liver.  Parkes  pointed  out  that  in  hepatic  abscess,  during  the  early  conges- 
tive stage,  the  urea  in  the  urine  is  increased,  while  it  is  diminished  in  the  sop- 
purative  stage,  when  the  hepatic  parenchyma  is  destroyed.  The  urea  is  ako 
diminished  in  cancer  of  the  liver,  phthisis,  and  some  forms  of  hepatic  cirrboss, 
while  it  is  increased  during  hepatic  congestion,  and  specially  so  in  some  cas& 
of  diabetes  mellitus.  The  most  striking  fact  of  all  is  that,  in  acute  yellow 
atrophy  of  the  liver,  the  urea  is  enormously  diminished  in  the  urine,  and  maf 
even  disappear  from  it  while  its  place  is  taken  by  the  intermediate  prodocts* 
leucin  and  tyrosin  {v,  Frerichs),  In  poisoning  by  phosphorus,  coincident  with 
the  atrophy  of  the  liver,  there  is  a  fall  in  the  urea-excretion.  In  diabetes 
mellitus  depending  on  disease  of  the  liver,  not  only  is  the  sugar  passed  in  the 
urine  greatly  increased,  but  the  urea  is  also  increased.  In  hepatic  cirrhosis, 
where  there  is  great  diminution  in  the  parenchyma  of  the  liver,  the  urea  in  the 
urine  is  greatly  diminished  and  the  ammonia  greatly  increased.] 

As  to  the  antecedents  of  urea  there  is  the  greatest  doubt  (§  256). 

[These  and  the  following  experiments  indicate  that  urea,  and  perhaps  most 
of  the  organic  urinary  constituents,  are  "secreted**  or  separated  by  the  kid- 
neys from  the  blood  passing  through  them,  and  that  they  are  not  formed  in 
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the  kidneys  themselves.     The  urea  is  derived  from  proteids,  and  the  liver 
seems  to  be  the  organ  in  which  it  is  formed.] 

Uric  Acid  is  formed  outside  the  Kidneys. — i.  Bird's  blood  normally 
contains  uric  acid  {Meissner).  [The  liver  of  the  pigeon  contains  6  to  14  times 
as  much  uric  acid  as  the  blood.]  Ligature  of  the  ureters  or  renal  blood-vessels 
{Pawlinoff),  or  gradual  destruction  of  the  renal  secretory  parenchyma  by  the 
subcutaneous  injection  of  neutral  potassium  chromate  {Ebstetn)^  is  followed  by 
the  deposition  of  uric  acid  in  the  joints  and  tissues,  and  it  may  even  form  a 
white  incrustation  on  the  serous  membranes.  The  brain  remains  free  {Zalesky, 
OppUr),  Acid  urates  of  ammonia,  soda,  and  magnesia  are  also  similarly  de- 
posited. Extirpation  of  a  snake's  kidneys  gives  the  same  result,  but  to  a  less 
degree. 

[Minkowski  found  that,  after  excluding  the  liver  from  the  circalation,  lactic  acid  took  the 
place  of  uric  acid  in  the  urine  (p.  510).  Some  uric  acid  still  appears  in  the  urine,  which  cannot 
be  derived  from  the  small  amount  in  the  blood,  so  that,  according  to  v.  Schroeder,  there  are  per- 
haps other  frxn  of  formation  of  uric  acid.] 

[The  latter  experiment  points  to  the  formation  of  uric  acid  in  the  liver  in 
birds,  and  this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposi- 
tion of  urates  in  the  urine  in  certain  disorders  of  digestion.]  Von  Schroeder 
and  Colasanti,  however,  as  the  result  of  their  experiments  upon  snakes,  come 
to  the  conclusion  that  there  is  no  special  organ  concerned  in  the  formation  of 
uric  acid. 

Hippuric  acid  is  partly  formed  in  the  kidney,  for  the  blood  of  herbivora 
does  not  contain  a  trace  of  it  (Meissner  and  Shepard).  In  rabbits,  however,  it 
is  formed  synthetically  in  other  tissues  as  well  as  in  the  kidney.  If  blood  con- 
taining sodic  benzoate  and  glycin  be  passed  through  the  blood-vessels  of  a  fresh 
kidney,  hippuric  acid  is  formed  (§  260)  {Bunge,  Schmiedebergy  Kochs).  [The 
other  evidence  is  given  in  §  260.] 

Kreatinin  has  intimate  relations  to  kreatin  of  muscle,  but  where  it  is  formed  is  not  known. 

If  phenol  and  pyrokatechin  are  digested  along  with  fresh  renal  substance^  a  compound  of 
tulphuric  onV/ similar  to  that  occurring  in  urine  is  formed  (2  262).     The  latter  substance,  how- 
ever, is  also  formed  by  similarly  digesting  liver,  pancreas,  and  muscle.     It  is  concluded  from 
these  experiments  that  these  substances  are  formed  in  the  body  within  the  kidneys  and  the  other 
ngans  mentioned  [^Kochi). 

[Urobilin,  nearly  related  to  bilirubin,  is  ultimately  formed  from  haemoglobin  ({  261),  per- 
)aps  in  the  liver,  and  is  re-absorbed  from  the  intestinal  canal  to  be  excreted  in  the  urine.  The 
Hher  urinary  pigments  all  arise  directly  or  indirectly  from  hsemoglobin,  some  of  them  perhaps 
brm  the  bile  pigments,  and  it  may  be  thiat  they  assume  their  final  form  in  the  epithelium  of  the 
%oal  tubules.] 

Chemistry  of  the  Kidney. — The  kidneys  contain  a  very  large  amount  of  water.  Besides 
enxm-albumin,  globulin,  albumin  soluble  in  sodium  carbonate  (Gotiwalt\  gelatin-yielding  sub- 
UzKes,  £at  in  Uie  epithelium,  elastic  substance  derived  from  the  membrana  propria  of  the  tubules, 
he  kidneys  contaia  leucin,  xanthin,  hypoxanthin,  kreatin,  tanrin,  inosit,  cystin  (the  last  in  no 
ither  tissue),  but  only  in  very  small  amount.  The  occurrence  of  these  substances  points  to  a 
ively  metabolism  in  the  kidneys,  which  is  also  proved  by  the  liberal  supply  of  blood  they 
eccive. 

Blood-vessels  of  the  Kidney. — The  kidneys  receive  a  very  large  supply 
>f  blood,  and  during  secretion  the  blood  of  the  renal  vein  is  bright  red. 
In  the  dog  the  diameter  of  the  renal  artery  may  be  diminished  to  .5  mm.  with- 
out the  amount  of  blood  flowing  through  the  kidney  being  thereby  greatly 
Qterfered  with.  Hence,  within  wide  limits,  the  amount  of  blood  is  indepen- 
ent  of  the  size  of  the  arterial  lumen,  and  is  therefore  dependent  on  the  blood- 
ressure  in  the  aorta,  and  the  resistance  to  the  blood-current  within  and  beyond 
[le  kidney  (Heidenhain).'] 

The  reaction  of  the  kidne3rs  is  acid,  even  in  those  animals  whose  urine  is  alkaline.     Perhaps 
lis  isiCt  is  connected  with  the  retention  of  the  albumin  in  the  vessels. 
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275.  PASSAGE  OF  VARIOUS  SUBSTANCES  INTO  THE  URINE— i.  Tbe 

following  substances  pass  unchanged  into  the  urine  ;  Sulphate,  borate,  silicate,  nitrate,  asd 
carbonate  of  the  alkalies;  alkaline  chlorides,  bromides,  iodides;  potassium  solphocjanide  and 
ferrocyanide ;  bile  salts,  urea,  kreatinin;  cumaric,  oxalic,  camphoric,  pyrogallic  and  caibdic 
acids.  Many  alkaloids^  e.g,^  morphia,  strychnia,  curare,  quinine,  caffein ;  pigmeniSy  sulphiDdigD- 
tate  of  soda,  carmine,  madder,  logwood,  coloring  matter  of  cranberries,  cherries,  rhubarb ;  san- 
tonin; lastly,  salts  of  gold,  silver,  mercury,  antimony,  arsenic,  bismuth,  iron  (but  not  lead;, 
although  the  greatest  part  of  these  b  excreted  by  the  bile  and  the  faeces. 

2.  Inorganic  acids  reappear  in  man  and  carnivora  as  neutral  salts  of  ammonia ;  in  herbiTon. 
as  neutral  salts  of  the  alkalies. 

3.  Certain  substances  which,  when  injected  in  small  amount,  seem  to  be  decomposed  in  tbe 
blood,  pass  in  part  into  the  urine,  when  they  occur  in  such  large  amount  in  the  blood  that  tber 
cannot  be  completely  decomposed — sugar,  haemoglobin,  egg-albumin,  alkaline  salts  of  the  vege^ 
table  acids,  alcohol,  chloroform. 

4.  Many  substances  appear  in  an  oxidized  form  in  the  urine — moderate  quantities  of  organic 
alkaline  salts,  as  alkaline  carbonates  ( ff^d^/^r),  uric  acid  in  part  as  allantoin  (.Skii^^'«i5:>f^,  sbI- 
phides  and  sulphites  of  soda,  in  part  as  sodium  sulphate,  potassium  sulphide  as  potassium  sulphate, 
some  oxyduls  as  oxides,  benzol  as  phenol  (Naunyn  and  Schulteti). 

5.  Those  bodies  which  are  completely  decomposed,  as  glycerin,  resins,  give  rise  to  no  ^>edi! 
derivatives  in  the  urine. 

6.  Many  substances  combine  and  appear  as  conjugated  compounds  in  the  urine,  ^.^.,  tbe 
origin  of  the  hippuric  acid  by  conjugation  ({  260),  the  conjugation  of  sulphuric  acid  ({  262),  woL 
the  formation  of  urea  by  synthesis  from  carbamic  acid  and  ammonia  {Drechsel)  (|  256][.  After 
the  use  of  camphor,  chloral,  or  butylchloral,  a  conjugated  compound  with  glycuronic  add  (u 
acid  nearly  related  to  sugar)  appears  in  the  urine  (p.  529).  [Giloral  appears  as  urochlonBc 
acid,  and  chloroform  partly  as  urochloralic  acid ;  gallic  and  pyrogallic  acids  partly  as  such,  and 
partly  as  pyrogallol,  pyrokatechin,  and  other  substances  which  turn  brown  when  alkaline  onoe 
is  exposed  to  the  air.]  Taurin  and  saroosin  unite  with  sulphaminic  acid.  When  bromopbenH 
is  given,  it  unites  with  mercapturic  acid,  a  body  nearly  related  to  cystin  ({  268). 

7.  Tannic  acid,  Cj^HjoO^,  takes  up  H^O,  and  is  decomposed  into  two  molecules  of  gallic  aoi 
=  2(CyHe05). 

8.  The  iodates  of  potash  and  soda  are  reduced  to  iodides;  malic  acid  (QH^O^)  partly  to 
succinic  acid  (C^H^O^) ;  indigo-blue  (C,qH|oN,0,)  takes  up  hydrogen  and  becomes  indigo-vfaiie 

(C„H„NA)- 

9.  borne  substances  do  not  pass  into  the  urine  at  all,  e.  g.,  oils,  insoluble  metallic  sab 

and  metals. 

276.  INFLUENCE  OF  NERVES  AND  OTHER  CONDI- 
TIONS.— At  present  we  are  acquainted  merely  with  the  influence  of  the 
vaso-motor  nerves  on  the  circulation  through  the  renal  vessels.  £a£M 
kidney  seems  to  be  supplied  with  vaso-motor  nerves,  which  spring  from  Mk 
halves  of  the  spinal  cord  {Nicolaides),  As  a  general  rule,  dilatation  of  the 
branches  of  the  renal  artery,  chiefly  the  vasa  aflerentia,  must  raise  the  prcssore 
within  the  glomeruli,  and  thus  increase  the  amount  of  water  filtered  throogb 
them.  The  more  the  dilatation  is  confined  to  the  area  of  the  renal  artery 
alone,  the  greater  is  the  amount  of  the  urine.  In  the  dog,  the  lower  dorsil 
nerves  contain  the  most  vaso-motor  nerves — ^both  vaso-constrictor  and  vaso- 
dilator (p.  548) — for  the  kidney  {Bradford^,  [As  yet  we  know  the  ncnroos 
system  influences  the  secretion  of  urine  only  m  so  far  as  it  modifies  the  prcssore 
and  velocity  of  the  blood-current  in  the  kidney.  We  have  no  saUtsfatctory 
evidence  of  the  existence  of  direct  secretory  nerves  in  the  kidney.] 

I.  Renal  Plexus  and  its  Centre. — Section  of  the  nerves  of  the  renal 
plexus — the  nerves  around  the  renal  artery — generally  causes  a  considerable 
increase  in  the  secretion  of  urine,  hydruria  or  polyuria;  sometimes,  on 
account  of  the  great  rise  of  the  pressure  within  the  glomeruli,  albumin  praes 
into  the  urine,  and  there  may  be  rupture  of  the  vessels  of  the  glomeruli,  leading 
to  the  passage  of  blood  into  the  urine.  The  nerve-centre  for  tiie  renal 
nerves  lies  in  the  floor  of  the  fourth  ventricle,  in  front  of  the  origin  of  ibc 
vagus.  Injury  to  this  part  of  the  floor  of  the  fourth  ventricle,  e,g,y  by  ponctnre 
(piqQre),  may  increase  the  amount  of  urine  (diabetes  insipidus),  which  is 
sometimes  accompanied  by  the  simultaneous  appearance  of  albumin  and  bkwd 
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in  the  arine(C7.  Bemar(f).  Section  of  the  parts  which  lie  directly  in  the 
course  of  these  fibres,  as  they  pass  from'  their  centre  to  the  kidney,  produces 
the  same  effects.  Close  to  this  centre  in  the  medulla  lies  the  centre  for  the 
vaso-motor  nerves  of  the  liver,  whose  injury  causes  diabetes  mellitus  (§  175)- 
Eckhard  found  that  stimulation  of  the  vermiform  process  of  the  cerebellum 
produced  hydruria.  Id  man,  stimulation  of  these  parts  by  tumors  or  inflamma- 
tion, etc.,  produces  similar  restiits. 

I.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  with  the 
paralysis  of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighboring  targe 
vascular  area  be  paralyzed,  necessarily  the  blood -pressure  in  the  renal  artery 
area  will  not  be  so  high,  as  more  blood  flows  into  the  other  paralyzed  province. 
I'nder  these  circumstances,  there  may  be  only  a  temporary,  or,  indeed,  no 
increase  of  urine,  provided  the  paralyzed  area  be  sufficiently  large.  There  is  a 
moderate  increase  of  urine  for  several  hours  after  section  of  the  splanchnic 
nerve.  This  nerve  contains  the  renal  vaso-motor  nerves  (which,  in  part  at 
least,  leave  the  spinal  cord  at  the  first  dorsal  nerve  and  pass  into  the  sympathetic 
nerve),  but  it  also  contains  the  vaso-motor  nerves  for  the  large  area  of  the 
intestinal  and  abdominal  viscera.  Stimulation  of  this  nerve  has  the  opposite 
eflect  (  CI.  Bernard,  Eckhard).  [The  polyuria  thus  produced  is  not  so  great 
as  after  section  of  the  renal  nerves,  because  the  splanchnic  supplies  such  a  large 
vascular  area,  that  much  blood  accumulates  in  that  area,  and  also  because  all 
the  renal  nerves  do  not  run  in  the  splanchnics,] 

3.  Paralysis  of  Large  Areas. — If,  simultaneously  with  paralysis  of  the 
renal   nerves,  the   great  majority  of  the  vaso-motor  nerves  of  the  body  be 
paralyzed  [as  by  section  of  the  medulla  oblongata],  then,  owing  to  the  great 
dilatation  of  all  these  vessels,  the  blood -pressure  falls  at  once  throughout  the 
arterial  system.   The  result  of  this  may  be,  provided  the  pressure  is  sufficiently 
low,  that  there  is  a  great  decrease,  or,  it  may  be,  entire  cessation  of  the  secre- 
tion of  urine.     The  secretion  is  arrested  when  the  cervical  cord  is  completely 
divided,  down  even  as  far  as  the  seventh  cervical  vertebra  iEcihard').     The 
polyuria  caused   by 
injury  to  the  floor  of 
the  fourth  ventricle 
It    once    disappears 
vhen  the  spinal  cord 
'even  down   to  the 
'welfth  dorsal  nerve) 
s  divided. 

[4.  Other  Condi- 
lions. — As  already 
tated,  section  of  the 
enal  nerves  is  fol- 
owed  by  polyuria, 
>wing  to  the  in- 
reased  pressure  in 
he     glomeruli,    but 

his  polyuria  may  be  ^'E-  347- 

iCTCased    by   Stimu-  View  of  lenal  oncometer;  tbe  small  one  iii  showQ  open. 

Lting  the  spinal  cord 

elovr  the  medulla  oblongata,  because  the  contraction  of  the  blood-vessels 
iroaghout  the  body  still  further  raises  the  blood -pressure  within  the  glomeruli. 
r,  however,  the  spinal  cord  be  divided  below  the  medulla  oblongata — the  renal 
erve  being  also  divided — the  polyuria  ceases,  because  of  the  fall  of  the  general 
lood -pressure  thereby  produced.  Division  of  the  spinal  cord  in  the  dorsal 
35 
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region  also  diminishes  or  arrests  the  secretion  of  uiine,  owing  to  the  fall  of  the 
blood -pressu re ;  but  animals  recover  fVom  this  operation,  the  general  blood- 
pressure  rises,  and  with  it  the  secretion  of  urine.  Stimulation  of  the  cotd 
below  the  medulla  arrests  the  secretion,  as  it  causes  contraction  of  the  renal 
arteries  along  with  the  other  arteries  of  the  body.] 

[Volume  of  the  Kidney — Oncometer. — By  means  of  the  plethysmc^npb 
(§  loi),  we  can  measure  the  variations  in  the  size  of  a  limb,  while  by  the  onco- 
graph (<>;-'"?,  volume)  similar  variations  in  the  volume  of  the  spleen  iit 
measured  (g  103).  Roy  and  Cohnheim  have  measured  the  variations  in  the 
volume  of  the  kidney  by  means  of  an  instrument  which  consists  of  two  pans, 
one  termed  the  oncometer  or  renal  plethysmo meter,  in  which  the  organ 
is  enclosed,  while  the  other  part  is  the  registering  portion  or  oncograph. 
The  kidney  is  enclosed  in  a  kidney-shaped  metallic  capsule  (figs.  347,  348), 
composed  of  two  halves  which  move  00  the  hinge,  A,  to  introduce  the  organ. 
The  renal  vessels  pass  out  at  a,  v.  The  kidney  is  surrounded  with  a  thin 
membrane,  and  between  this  membrane  and  the  inner  surface  of  the  capfiuk  is 
a  space  filled  with  warm  oil  through  the  tube,  I,  which  is  closed  by  means  of  a 


Fie-  348-  F'i-  349- 

Fig.  34S. — Oncometer.  K,  kidney;  the  thick  line  is  Ihe  melallic  ci{»ule;  i,  hinge  ;  I,  ntU 
for  filling  ap^ratm;  T,  tube  to  connect  wilh  Tj;  a,  i',  b,  aiteiy,  van,  ureler  (ilini^, 
after  Roy).  Fig.  349. — Onctq^ph.  C,  chamber  filled  with  oil,  coDunimiCMiiig  I7T1 
wilh  T ;  p,  piston  ;  /,  writing -lever  (Stirling,  after  Hay). 

Stop-cock  after  the  space  is  filled  with  oil.  The  tube  T  can  be  made  to  cotn- 
municate  with  another  tube,  Ti,  leading  into  a  metallic  chamber,  C,  of  the 
oncograph  (fig.  349),  which  is  provided  with  a  movable  piston,  p,  attached  by 
a  thread  to  the  writing-lever,  /.  Any  increase  in  the  size  of  the  organ  expe^ 
oil  from  the  chamber,  O,  into  C,  and  thus  the  piston  is  raised,  while  a  dimina- 
tion  in  the  size  of  the  kidney  diminishes  the  fluid  in  C,  and  the  lever  £dK 
The  actual  volume  of  the  living  kidney  depends  upon  Ihe  state  of  distention  of 
its  structural  elements,  upon  the  amount  of  lymph  in  its  lymph-spaces,  bat 
chiefly  upon  the  amount  of  blood  in  its  blood-vessels,  and  this  again  mKt 
depend  upon  the  condition  of  the  non-striped  muscles  in  the  renal  artcn^ 
When  the  vessels  dilate,  the  kidney  increases  in  size,  and  when  they  conttac: 
it  contracts,  so  that  we  can  register  on  the  same  revolving  cylinder  the  varia- 
tions of  the  volume  at  the  same  time  that  we  record  the  general  arterial  bknd- 
pressure.] 

[In  the  normal  circulation  through  the  kidney,  the  kidney-curve,  i.  t.,  iJk 
curve  of  the  volume  of  the  kidney,  runs  parallel  with  the  blood -pressu  re  curve, 
and  shows  the  large  respiratory  undulations,  as  well  as  the  smaller  elevatiom 
due  to  the  systole  of  the  heart  (fig.  350).    In  this  respect  it  differs  sharply  ima 
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a  spleen-curve  (fig.  140).  Usually,  when  the  blood-pressure  falls,  the  kidney - 
curve  sinlts,  and  when  the  blood-pressure  rises  the  volume  of  the  kidney  in- 
creases. When  the  blood -pressure  curve  is  complicated  by  Traube-Hering 
waves  (§  85)  the  opposite  effect  is  produced  on  the  kidney-curve ;  the  highest 
blood -pressure  corresponds  to  the  smallest  size  of  the  kidney,  and  conversely. 
This  is  due  to  the  fact  that,  when  these  curves  occur,  all  the  small  arterioles, 
including  those  in  the  kidney,  are  contracted.  A  kidney  placed  in  an  oncome- 
ter secretes  urine  like  a  kidney  under  natural  conditions.] 

[Arrest  of  the  respiration  in  a  curarized  animal  produces  a  rapid  and 
great  diminution  of  the  volume  of  the  kidney,  caused  by  the  venous  blood 
stimulating  the  vaso-motor  centres,  and  thus  contracting  the  small  arterioles, 
including  those  of  the  kidney.  This  result  occurs  whether  one  Or  both 
splanchnics  are  divided,  proving  that  all  the  vaso-motor  nerves  of  the  kidney 
do  not  reach  it  through  the  splanchnics.  When  all  the  renal  nerves  at  the 
hilum  are  divided,  arrest  of  the  respiration  causes  dilatation  of  the  organ,  which 
condition  runs  parallel  with  the  rise  of  the  blood-pressure.  Stimulation  of  a 
sensory  nerve,  e.g.,  the  central  end  of  the  sciatic  nerve,  while  causing  an 
increase  of  the  blood-pressure,  makes  the  kidney  shrink.] 

[In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  blood -pressure 
rises.     Stimulation   of  the  central  or  peripheral   end  of   the  Splanchnics, 


fig-  35<»- 
'c  of  the  volume  of  ihe  kidiw]' ;   T,  lime  curre :   interval! 
miDule;  A,  abscissa  [Stirling,  after  Say). 

divided  at  the  diaphragm,  causes  contraction  of  the  renal-vessels  of  both  sides ; 
the  former  is  a  reflex,  the  latter  a  direct  effect.  Stimulation  of  the  peripheral 
end  of  one  splanchnic  sometimes  affects  both  kidneys.  Stimulation  of  the  peri- 
pheral end  of  the  renal  nerves  always  causes  a  diminution  in  the  volume  of  the 
kidney,  so  that  Cohnheim  and  Roy  inferred  that,  although  there  was  evi- 
dence of  the  existence  of  vaso-motor  and  sensory  nerves  to  the  kidney, 
they  found  none  of  vaso-dilators.  Each  kidney  acts  independently  of  the 
other.  Sudden  compression  of  one  renal  artery  has  not  the  slightest  effect  upon 
the  blood -current  of  the  other  kidney.  If  a  kidney  be  exposed  in  an  animal, 
by  making  an  incision  in  the  lumbar  region,  on  stimulating  the  medulla  ob- 
longata directly  with  electricity,  we  may  observe  the  kidney  itself  becoming 
paler,  the  pallor  appearing  in  a  great  many  small  spots  on  the  surface  of  the 
organ,  corresponding  to  the  distribution  of  the  interlobular  arteries.] 

[Cohnheim  showed  that  the  chemical  cotnposition  of  the  blood  has  a 
remarkable  effect  on  the  renal  circulation,  the  kidney  being  very  sensitive  to 
such  changes  in  the  composition  of  the  blood.  Some  substances  (water  and 
urea),  when  injected  into  the  blood,  cause  the  kidney  Rrst  to  shrink  and  then 
to  expand,  while  sodic  acetate  dilates  the  kidney,  even  after  all  the  renal 
nerves  are  divided — an  operation  which  is  very  difficult  indeed.  Provided  all 
the  renal  nerves  be  divided,  these  effects  would  indicate  the  existence  of  some 
local  inlra-renal  vaso-motor  mechanism  governing  the  renal  blood-vessels.  The 
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general  blood-pressure  is  not  thereby  modified  ;   nor  need  we  wonder  at  this, 
as  ligature  of  one  renal  artery  does  not  increase  the  pressure  in  the  aorta.] 

[Vaso-constrictor  and  vaso-dilator  nerves  to  kidney. — Rose  and 
Bradford,  by  enclosing  the  kidney  of  a  dog  in  an  oncometer-tube  confirmed 
the  view,  that  not  only  are  the  kidneys  well  supplied  with  vaso-constrictor 
fibres,  but  that  they  also  receive  vaso-dilator  fibres.  The  vaso-constrictor 
fibres  leave  the  spinal  cord  (dog)  by  the  anterior  roots  of  the  spinal  nerves  as 
high  as  the  6th  dorsal,  and  as  low  as  the  2d  lumbar  (or  even  4th);  but  by 
stimulating  the  peripheral  end  of  each  nerve-root  singly,  and  observing  the 
effect  on  the  volume  of  the  kidney,  it  has  been  shown  that  the  largest  number 
pass  out  by  the  nth,  12th,  and  13th  dorsal  nerves.  From  the  anterior  roots 
they  enter  the  corresponding  ganglia  of  the  sympathetic,  they  enter  the  solar 
plexus,  and  pass  vid  the  renal  plexus  into  the  kidney.  Some  apparently  do  not 
enter  the  splanchnic  nerve.  Vaso  constrictor  nerves  are  best  excited  by  rapid 
electrical  stimulation.] 

[Vaso-dilator  fibres. — It  is  a  peculiarity  of  vaso-dilator  fibres  that  they 
are  best  excited  by  slaw  rhythmical  stimulation  (§  372)  (2-5  shocks  per  sec.), 
and  if  the  peripheral  end  of  the  anterior  roots  of  certain  of  these  nerves  be 
stimulated  the  kidney  dilates,  showing  that  these  nerves  contain  vaso-dilator  as 
well  as  vaso-constrictor  fibres  and  the  vaso-dilators  seem  to  take  the  sanoe 
course  as  the  constrictors,  being  most  abundant  in  the  nth,  12th,  and  13th 
dorsal  nerves.] 

[The  reciprocal  relation  between  the  skin  and  the  kidneys  is  known  to 
every  one.  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of 
the  cutaneous  vessels,  the  amount  of  urine  secreted  is  great,  and  conversely,  in 
summer  less  urine  is  passed  than  in  winter.  Washing  the  skin  of  a  dog  for  two 
minutes  with  ice-cold  water  causes  a  great  contraction  of  the  kidney.] 

The  perfusion  of  blood  through  a  living  excised  kidney,  /'.  r.,  a 
**  surviving  kidney,"  is  materially  influenced  by  the  substances  mixed  with 
the  blood  perfused.  This  effect  may  in  part  be  due  to  the  action  of  these 
chemical  ingredients  upon  the  nuclei  of  the  endothelial  lining  of  the  blood- 
vessels, especially  the  capillaries,  or  the  effects  upon  the  muscular  fibres  of  the 
blood-vessels. 

[Strychnin  seems  to  cause  contraction  of  the  renal  vessels,  independently  of  its  action  00  tl» 
general  vaso-motor  centre,  Brunton  and  Power  found  that  digitalis  caused  an  increase  of  tbe 
blood-pressure  (dog),  but  the  secretion  of  urine  was  either  at  the  same  time  diminished,  or  k 
ceased  altogether.  The  latter  result  was  due  to  contraction  of  the  renal  blood-vessels,  but  wbeo 
the'  aortic  blood-pressure  began  to  fall,  the  amount  of  urine  secreted  rose  much  above  nonn&i. 
t.  e.f  when  the  arteries  had  b^un  to  relax.] 

During  fever,  the  renal  vessels  are  pruoably  contracted  in  consequence  of  the  stimuladoo  of 
the  renal  centre  by  the  abnormally  warm  blood  {^Mendelsohn). 

The  repeated  respiration  of  CO  is  said  to  produce  polyuria,  perhaps  in  conseqaeace  o( 
paral3rsis  of  the  renal  vaso-motor  centre. 

Action  of  the  Vagus. — According  to  CI.  Bernard,  stimulation  of  the  vagus  at  the  cardia  in- 
creases the  urinary  secretion,  while  at  the  same  time  the  blood  of  the  renal  vein  becomes  red. 
This  nerve  may  contain  vaso  dilator  nerve-Bbres  corresponding  to  the  fibres  in  the  facial  nerre 
for  the  salivary  glands  (J  145). 

According  to  Arthaud  and  Butte,  stimulation  of  the  peripheral  end  of  the  vagus  diminishck 
the  blood-stream  in  the  kidney  and  the  secretion  of  urine.  Atropin,  however,  prevents  tha 
from  taking  place.  The  vagus,  therefore,  would  appear  to  contain  some  vaso-motor  fibres  for 
the  kidney.  Stimulation  of  the  cervical  sympathetic  also  diminishes  the  secretion.  Thb  sttm& 
to  be  due  to  a  reflex  effect  through  the  spinal  cord  affecting  the  splanchnics  (Afasius). 

277.  UREMIA— AMMONI^MIA.— Symptoms  of  Uraemia.— After  excision  of  tbe 
kidneys,  nephrectonay,  or  ligature  of  the  ureter;  in  man  also,  as  a  result  of  certain  diseased 
conditions  of  the  kidney,  leading  to  the  suppression  of  the  secretion  of  urine,  there  is  developed 
a  series  of  characteristic  symptoms  which  are  followed  by  death.  The  condition  is  calkd 
unemic  intoxication,  or  uraemia.    There  are  marked  cerebral  phenomena,  drowsiness,  and  deep 
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coma,  and  occasionally  local  or  more  general  spasms.  Sometimes  there  is  delirium  ;  Cheyne- 
Stokes'  phenomenon  is  often  observed  (J  ill,  II),  and  there  may  be  vomiting  and  diarrhoea, 
while  in  the  fluids  voided,  as  well  as  in  the  expired  air,  ammonia  may  sometimes  be  detected. 

The  cause  of  these  phenomena  has  been  ascrjbed  to  the  retention  in  the  blood  of  those  sub- 
stances which  normally  are  excreted  by  the  urine,  but  as  yet  it  has  not  been  definitely  ascer- 
tained which  of  these  substances  causes  the  phenomena : — 

I.  The  first  thought  is  to  ascribe  them  to  the  retention  of  the  urea.  V.  Voit  found  that 
dogs  exhibited  ursemic  symptoms  if  they  were  fed  for  a  long  time  on  food  containing  urea  and 
little  water.  Meissner  found  that  in  nephrectomized  animals  the  uroemic  symptoms  were 
hastened  by  the  injection  of  urea  into  the  blood.  The  injection  of  a  moderate  amount  of  urea 
in  perfectly  healthy  animals  is  not  followed  by  ursemic  symptoms,  probably  because  the  urea 
is  rapidly  excreted  by  the  kidneys;  I  to  2  grams  [15  to  30  grains]  so  injected  produce 
comatose  symptoms  in  rabbits.  Dogs  died  in  convulsions  after  the  subcutaneous  injection  of 
urea  equal  to  1  per  cent,  of  their  body- weight.  Although  animals  die  with  convulsions  after  the  in- 
jection of  urea,  this  is  not  to  be  confounded  with  the  intermittent  convulsions  of  ursemic  poisoning. 

2.  The  injection  of  ammonium  cartwnate  produces  symptoms  resembling  those  of  uraemia, 
so  that  V.  Frerichs  thought  that  the  urea  was  decomposed  in  the  blood,  yielding  ammonium 
carbonate — ammoniaemia.  Demjankow  observed  ureemic  phenomena  after  nephrectomy,  if  at 
the  time  he  injected  urea- ferment  into  the  blood  (J  263).  Neither  after  nephrectomy  alone,  nor 
with  simultaneous  injection  of  urea  into  the  blood,  has  any  anunonia  been  found  in  the  blood. 
It  seems,  therefore,  that  the  spontaneous  formation  of  urea  cannot  take  place  in  the  blood,  and 
it  cannot  be  the  cause  of  ursemic  convulsions.  Feltz  and  Ritter  obtained  ursemic  symptoms  in 
dogs  by  injecting  salts  of  ammonia  into  the  blood. 

3.  As  ligature  of  the  ureters  produces  a  comatose  condition  in  those  animals  which  excrete 
chiefiy  uric  acid  in  the  urine — e.^,,  birds  and  snakes  (ZaUsky) — it  is  possible  that  other  sub- 
stances may  produce  the  poisonous  symptoms.  The  injeaion  of  kreatinin  causes  feebleness 
and  contraction  of  the  mascles  in  dogs  {Meissner),  Bernard,  Traube,  and  more  recently  Feltz 
and  Ritter,  ascribe  the  symptoms  to  an  accumulation  of  the  neutral  potassium  salts  in  the  blood 
(J  54).  The  injection  of  kreatin,  succinic  acid  (Meissner)^  uric  acid,  and  sodic  urate  {Jianke)^ 
is  without  effect.  Schottin  and  Oppler  ascribe  the  results  to  an  accumulation  of  normal  or  ab- 
normal extractives.  It  is  possible  that  several  substances  and  their  decomposition-products  con- 
tribute to  produce  the  result,  so  that  there  is  a  combined  action  of  several  factors,  but  perhaps 
the  retention  of  ihe potash  salts  plays  the  most  important  part. 

The  direct  application  of  some  urinary  substances  (kreatinin,  kreatin,  acid  potassic  phosphate, 
urates)  to  the  surface  of  the  cerebrum  causes  all  the  symptoms  of  ursemia.  Urea  is  inactive, 
and  slightly  active  are  ammonium  and  sodic  carbonate,  leucin,  NaCl,  KCl  {Landois). 

[Alkialoids  in  Urine. — Human  urine,  and  especially  febrile  urine,  when  injected  under  the 
skin  of  fix>gs  or  rabbits,  acts  as  a  poison,  and  even  causes  death,  by  arresting  the  respiration. 
The  alkaloids,  i.  e.^  ptomaines  and  leucomaines,  seem  to  be  formed  by  the  action  of  vegetable 
organisms  in  the  intestine,  whence  they  are  absorbed  into  the  blood,  and  pass  into  the  urine 
(J  116).  This,  however,  is  denied  by  some  observers,  who  state  that  normal  urine  is  free  from 
such  bodies.  Urine  rendered  colorless  by  charcoal  loses  half  its  toxic  power,  and  the  poisonous 
substance  is  not  volatile,  and  even  resists  boiling.  These  alkaloids  are  increased  in  the  urine 
in  typhoid  fever,  pneumonia,  but  not  in  diabetes.] 

Uric  Acid  Diathesis. — When  too  much  nitrogenous  food,  too  much  of  any  alcoholic  fluid 
is  persistently  used,  and  little  muscular  exercise  taken,  especially  if  the  respiratory  organs  are  in- 
terfered with,  uric  acid  may  not  unfirequently  accumulate  in  the  blood  ( Garrod).  It  may  be 
depKJsited  in  the  joints  and  their  ligaments,  especially  in  the  foot  and  hand,  giving  rise  to  pain- 
fill  inflamraaikNi,  and  forming  gout-stones  or  chalk-stones  [which  are  acrd-urates] .  The  heart, 
liver,  and  kidneys  are  rarely  affected.     The  tissues  near  these  deposits  undergo  necrosis. 

278.  STRUCTURE  AND  FUNCTIONS  OF  THE  URETER. 
— Mucous  Membrane. — The  pelvis  of  the  kidney  and  the  ureter  are  lined 
by  a  mucous  membrane,  consisting  of  connective-tissue,  and  covered  with 
several  layers  of  stratified  ''transitional"  epithelium  (fig.  352).  The  cells 
are  of  various  shapes,  those  of  the  lowest  layer  being  usually  more  or  less 
spherical  and  small,  while  many  of  the  celb  in  the  upper  layers  are  irregular  in 
shape,  often  with  long  processes  passing  into  the  deeper  layers. 

Sub -mucosa. — Under  the  epithelium  there  is  a  layer  of  adenoid  tissue 
(^Jdamburger^  Chiari\  which  may  contain  small  lymph-follicles  [embedded  in 
loose  connective-tissue].  In  the  pelvis  of  the  kidney  and  ureter  there  are  a 
few  small  mucous  glands  lined  by  a  single  layer  of  columnar  epithelium 
(  C/nruhf  Egli  ). 
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The  muscular  coat  consists  of  an  inner  somewhat  stronger  layer  ofbi^- 
/urf/Mfl/ Qon-striped  fibres,  and  an  outer  n>f«/ar  layer  (fig.  351).  In  the  lowest 
third  of  the  ureter  there  are  in  addition  a  number  of  scattered  muscular  fibres. 
All  these  layers  are  surrounded  and  supported  by  connective-tissue.  The  outer 
layers  of  the  connective- tissue  form  an  outer  coat  or  advcntitia,  which  con- 
tains the  large  vessels  and  nerves.  The  various  coats  of  the  ureter  can  bt 
followed  up  to  (he  pelvis  of  the  kidney,  and  to  its  calices.  The  papillx  art 
covered  only  by  the  mucous  membrane,  while  the  muscular  layer  ceases  at  the 
apex  of  the  pyramids,  where  they  are  disposed  circularly,  to  form  a  kind  of 
sphinder  muscle  for  each  papilla  i^Henle). 

Tb«  blood -vest  els  supply  ihevHtious  coals,  and  form  a  capillary  plexus  under  theeplhelinm. 
The  nerves  arc  not  very  numeroiu,  but  Ihey  contain  medullaled  (few)  and  non-medulbled 
fibres,  irilh  numerous  ganglia  scatteml  in  their  coune.  They  are  pirtly  ma/ffr  and  sof^lr  tbc 
muicular  layers,  and  some  paw  lowards  the  epithelium,  and  are  srmory  and  exHlo-r^x  in  fiiBC- 
tion.     These  nerves  are  excited  when  a  calculus  pasKs  along  the  ureter,  and  thus  give  rise  to 
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Transverse  sea  ion  of  the  loner  pan  of  human  ureter.  Vertical  section  of  the  mucous  memlvane  «i 
y  15-    e,  epithelium;    /.tunica  propria;   1.  sub-  a  human  bladdei. 

mucosa;  /and  r,  loagitudinal  and  drcalar  fibres. 

severe  pain.  The  ureter  perforates  the  wall  of  the  bladder  tAliautly.  The  inner  openii^  k  ■ 
■urrow  xlip  in  the  mucous  membrane,  directed  downwards  and  inwards,  and  provided  iith  1 
pointed  valve-like  process  (lig.  354). 

Hovetnent  of  the  Urine. — The  urine  is  propelled  along  the  ureter  thiB; 
— (1)  The  secretion,  which  is  continually  being  formed  under  a  high  presDte 
in  the  kidney,  propels  the  urine  onwards  in  front  of  it,  as  the  urine  is  under  i 
low  pressure  in  the  ureter,  (a)  Gravity  aids  the  passage  of  the  urine  when  the 
person  is  in  the  erect  posture,  (3)  The  muscles  of  the  ureter  contract  Ayth- 
mically  and  penstaltically,  and  so  propel  it  towards  the  bladder.  This  move- 
ment is  reHex,  and  is  due  to  the  presence  of  the  urine  in  the  ureter.  Every 
three-quarters  of  a  minute  several  drops  of  urine  pass  into  the  bladder.  Bot 
the  fibres  may  also  be  excited  directly.  The  contraction  passes  along  the  tube 
at  the  rate  of  twenty  to  thirty  mm.  per  second,  always  from  above  downivards. 
The  greater  the  tension  of  the  ureter  due  to  the  urine,  the  more  rapid  is  the 
peristaltic  movement. 
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Loc«l  Stimulation. — On  applying  a  stimulai  to  the  ureter  directly,  the  contiaction  puses 
both  upwards  and  downwards,  ^igelmann  observed  that  the  mavemeDls  occur  in  parts  of  the 
greter  where  neither  nerre  nor  ganglia  were  to  be  round,  and  he  concluded  that  the  moremenl 
was  propagated  by  "  musctilai  conduction."  If  this  be  so,  then  an  impulse  may  be  pro 
fagatinl  from  one  noD'Slriped  muscular  cell  to  acother  without  the  inlerrentiOD  of  nerves  (see 
Heart,  j  5S,  I,  3). 

Prevention  of  Reflux. — The  urine  is  prevented  from  exerting  a  backward 
pressure  towards!  he  kidneys :  (i)  The  urine  which  collects  in  the  pelvis  of 
the  kidney  is  under  a  high  pressure,  and  thus  tends  uniformly  to  compress  the 
pyraretids  so  that  the  urine  cannot  pass  into  the  minute  orifices  of  the  urinary 
tubules,  (z)  When  there  is  a  considerable  accutnulation  of  urine  in  a  ureter, 
r.g.,  from  the  presence  of  an  impacted  calculus  or  other  cause,  there  is  also 
more  energetic  peristalsis,  and,  at  the  same  time,  the  circular  muscular  fibres 
round  the  apices  of  pyramids  compress  the  pyramids  and  prevent  the  reflux  of 
urine  through  the  collecting  tubules.     The  urine  is  prevented  from  passing  back 


'-^^^ 


Fig.  353- 
liotated  Iransilional  epjih«. 
Itnm  from  Ibe  bladder  of  a 
guinea  pig.  Some  of  the 
lai^e  cells  lie  upon  the 
sumoiil  of  the  columnar 
and  caudate  cells,  and  de- 
pressions are  seen  on  their 
under  sur^e.  a,  a  super. 
ficial  cell  seen  from  (he 
side,  sudd' from  below;  t,  ureters,  and  vesiculsp  serDinales  ;  the  sinus  prostalicus,  and  on 

Bndr.celUfromlhedreper  each  side  of  it  the  openings  of  the  ejaculatory  duels,  and 

layers,     x  y°  {StirliHg).  below  both  numerous  small  apertures  of  the  prostatic  ducts. 

from  the  bladder  into  the  ureter,  (he  wall  of  the  bladder  itself,  and  the  part  of 
the  ureter  which  passes  through  it,  are  compressed,  so  that  the  edges  of  the 
ilit-like  opening  of  the  ureter  are  rendered  more  tense,  and  are  thus  approx- 
imated towards  each  other  (fig.  354). 

279.  URINARY  BLADDER  AND  URETHRA.— Structure.— 
The  mucous  membrane  of  the  bladder  resembles  that  of  the  ureter ;  the 
jppcr  layers  of  the  stratified  transitional  epithelium  are  somewhat  flattened  (fig. 
{54).  It  is  obvious  that  the  form  of  the  cells  must  vary  with  the  state  of  dis- 
ention  or  contraction  in  the  bladder.  [The  mucous  membrane  and  muscular 
;oata  are  thicker  than  in  the  ureter.  There  are  mucous  glands  in  the  mucous 
nembrane,  especially  near  the  neck  of  the  bladder.] 

Sub-mucous  Coat. — There  is  a  layer  of  delicate  fibrillar  connective-tissue 
nixed  with  elastic  fibres  between  the  mucous  and  muscular  layers. 

[Tbe  serous  coat  is  continuous  with,  and  has  the  same  structure  as  the 
Kritoneum  and  it  covers  only  the  posterior  and  upper  half  of  the  organ.] 
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Musculature. — Non-striped  muscular  fibres  are  arranged  in  bundles  Id 
several  layers,  an  external  longitudinal  layer,  best  developed  on  the  anterior  and 
posterior  surfaces,  and  an  inner  circular  layer.  [Between  these  two  is  an 
oblique  layer.]  There  are  other  bundles  of  muscular  fibres  arranged  in  different 
directions.  Physiologically,  the  musculature  of  the  bladder  represents  a 
single  or  common  hollow  muscle,  whose  function  when  it  contracts  is  to  dimin- 
ish uniformly  the  size  of  the  bladder,  and  thus  to  expel  its  contents  (§  306). 

The  blood-vessels  resemble  those  of  the  ureter.  The  nerves  form  a  plexas,  and  are  placed 
partly  in  the  mucous  membrane  and  partly  in  the  muscular  coat,  and,  like  all  the  extra-resal 
parts  of  the  urinary  apparatus,  are  provided  with  ganglia,  lying  in  the  mucosa,  sub-mocos&, 
and  connected  to  each  other  by  Bbres  {Maier),  Ganglia  occur  in  the  course  of  the  motor  nenre- 
fibres  in  the  bladder  ( W,  Wolff\  Their  functions  are  motor,  sensory,  excito-motor,  aod 
vaeo-motor.  [Sympathetic  nerve-ganglia  also  exist  underneath  the  serous  coat  (/l  Dof- 
w/i»).] 

A  too  minute  dissection  of  the  several  layers  and  bundles  of  the  musculature  of  the  bladder 
has  given  rise  to  erroneous  inferences.  Thus,  we  s];>eak  of  a  detrusor  urinae,  which,  however, 
consists  chiefly  of  fibres  running  on  the  anterior  and  posterior  surfaces,  from  the  votex  to  tlie 
fundus.  There  does  not  seem  to  be  a  special  sphincter  vesicae  intemus ;  it  is  merely  a  thicker 
circular  (6  to  12  mm.)  layer  of  non-striped  muscle  which  surrounds  the  begioniDg  of  the 
urethra,  and  which,  from  its  shaf>e,  helps  to  form  the  funnel-like  exit  of  the  bladder.  Nomercns 
muscular  bundles,  connected  partly  with  the  longitudinal  and  partly  with  the  circular  fibres  cf 
the  bladder,  exist,  especially  in  the  trigone,  between  the  orifice  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.  The  mucous  membrtoe 
consists  of  connective-tissue  with  many  elastic  fibres,  and  provided  with  papillae.  It  is  covered! 
by  stratified  epithelium  and  contains  several  mucous  glands  {LUtriy  Outside  this  is  a  layer  of 
longitudinal,  smooth,  muscular  fibres,  and  outside  this  again  a  layer  of  circular  fibres.  Many 
elastic  fibres  exist  in  all  the  layers,  which  are  traversed  hj  numerous  wide  venous  channds. 

The  proper  sphincter  urethrae  is  a  transversely  striped  muscle  subject  to 
the  will,  and  consists  of  completely  circular  fibres  which  extend  downwards  a? 
far  as  the  middle  of  the  urethra,  and  partly  of  longitudinal  fibres,  which  extend 
only  on  the  posterior  surface  towards  the  base  of  the  bladder,  where  they  be- 
come lost  between  the  fibres  of  the  circular  layer. 

In  the  male  urethra,  the  epithelium  of  the  prostatic  part  is  the  same  as  that  in  the  bladder; 
in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part  the  simple  cylindrical  Sons. 
The  mucous  membrane,  under  the  epithelium  itself,  is  beset  wiiix  papil/a,  chiefly  in  the  posterkB- 
part  of  the  urethra,  and  contains  the  mucous  glands  of  Littr6. 

Non-striped  muscle  occurs  in  the  prostatic  part  arranged  longitudinally,  chiefly  il  tbe 
colliculus  seminalis ;  in  the  membranous  portion  the  direction  of  the  fibres  is  chiefly  cironltr, 
with  a  few  longitudinal  fibres  intercalated;  the  cavernous  part  has  a  few  circular  fibres 
posteriorly,  but  anteriorly  the  muscular  fibres  are  single  and  placed  obliquely  and  loogifcadi- 
nally. 

Closure  of  the  Bladder. — The  so-called  internal  vesical  sphincter  of  the 
anatomists,  which  consists  of  non-striped  muscle,  is  in  reality  an  integral  part 
of  the  muscular  coat  of  the  bladder,  and  surrounds  the  orifice  of  the  urethra  ts 
far  down  as  the  prostatic  portion,  just  above  the  colliculus  seminalis.  It  is, 
however,  not  the  sphincter  muscle.  The  proper  sphincter  uretlirse  (spiL 
vesicae  externus)  lies  below  the  latter.  It  is  a  completely  circular  muscle  dis- 
posed around  the  urethra,  close  above  the  entrance  of  the  urethra  into  the  sep- 
tum urogenitale  at  the  apex  of  the  prostate,  where  it  exchanges  fibres  with  the 
deep  transverse  muscle  of  the  perinseum  which  lies  under  it. 

Some  longitudinal  fibres,  which  run  along  the  upper  margin  of  the  prostate  from  the  bladder, 
belong  to  this  sphincter  muscle.  Single  transverse  bundles  passing  forward  from  the  surface  of 
the  neck  of  the  bladder,  the  transverse  bands  which  lie  within  the  prostate,  the  apex  of  ibe 
colliculus  seminalis,  and  a  strong  transverse  bundle  passing  in  front  01  the  origin  of  the  oietbn 
into  the  substance  of  the  prostate — all  belong  to  the  sphincter  muscle  (//fMlt).  In  the  aak 
urethra,  the  blood-vessels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  ii  a 
wide- meshed  lymphatic  plexus. 

[Tonus  of  Sphincter  Urethrae. — Open  the  abdomen  of  a  rabbit,  ligature  one  aretcr,  tie  1 
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cannoU  in  the  other,  and  pour  water  into  the  bladdef  until  it  runs  out  through  the  urethra, 
which  usually  occurs  under  a  pressure  of  16  to  20  inches.  If  the  spinal  cord  be  divided  between 
the  fifth  and  seventh  lumbar  vertebrae,  a  column  of  6  inches  is  sufficient  to  overcome  the 
resistance  of  the  sphincter,  while  section  at  the  fourth  lumbar  vertebra  has  no  effect  on  the 
height  of  the  pressure.  In  such  an  animal  the  bladder  becomes  distended,  but  in  one  with 
iu  cofd  divided  between  the  fifth  and  seventh  lumbar  vertebrae,  there  b  incontinence  of  urine — 
in  the  former  case  because  the  excito-motor  impulses  are  cut  off  from  the  centre  (5  to  7  vert.^, 
and  in  the  latter  because  the  tonus  of  the  sphincter  b  destroyed  (JCupressow),  I'his  tonus  is 
denied  by  Landob  and  others.] 

280.  ACCUMULATION  OF  URINE— MICTURITION.— After 

emptying  the  bladder,  the  urine  slowly  collects  again,  the  bladder  being  there- 
by gradually  distended.  [A  healthy  bladder  may  be  said  to  be  full  when  it 
contains  20  oz.]  As  long  as  there  is  a  moderate  amount  of  urine  in  the 
bladder,  the  elasticity  of  the  elastic  fibres  surrounding  the  urethra,  and  that  of 
the  sphincter  of  the  urethra  (and  in  the  male  of  the  prostate),  suffice  to  retain 
the  urine  in  the  bladder.  This  is  shown  by  the  fact  that  the  urine  does  not  escape 
from  the  bladder  after  death.  If  the  bladder  be  greatly  distended  (1.5  to  1.8 
litre),  so  that  its  apex  projects  above  the  pubes,  the  sensory  nerves  in  its  walls 
are  stimulated  and  cause  a  feeling  of  a  full  bladder,  while  at  the  same  time  the 
urethral  opening  is  dilated,  so  that  a  few  drops  of  urine  pass  into  the  beginning 
of  the  urethra.  Besides  the  subjective  feeling  of  a  full  bladder,  this  tension  of 
the  walls  of  the  bladder  causes  a  reflex  effect,  so  that  the  urinary  bladder  con- 
tracts periodically  upon  its  fluid  contents,  and  so  do  the  sphincter  of  the  urethra 
and  the  muscular  fibres  of  the  urethra,  and  thus  the  urethra  is  closed  against  the 
passage  of  these  drops  of  urine.  As  long  as  the  pressure  within  the  bladder  is 
not  very  high,  the  reflex  activity  of  the  transversely  striped  sphincter  over- 
comes the  other  (as  during  sleep) ;  but  as  the  pressure  rises  and  the  distention 
increases,  the  contraction  of  the  walls  of  the  bladder  overcomes  the  closure 
produced  by  the  sphincter,  and  the  bladder  is  emptied,  as  occurs  normally  in 
young  children. 

As  age  advances,  the  sphincter  urethrse  comes  under  the  control  of  the  will, 
so  that  it  can  be  contracted  voluntarily,  as  occurs  in  man  when  he  forcibly 
contracts  the  bulbo-cavernosus  muscle  to  retain  urine  in  the  bladder.  The 
sphincter  ani  usually  contracts  at  the  same  time.  The  reflex  activity  of  the 
sphincter  may  also  be  inhibited  voluntarily,  so  that  it  may  be  completely  re- 
laxed.    This  is  the  condition  when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  confined  to  the  bladder,  occur  daring  psychical  or  emotional  disturbances 
(e,  g.^  anger,  fear),  [the  bladder  may  be  emptied  involuntarily  during  a  fright],  after  stimulation 
of  sensory  nerves,  auditory  impressions,  restraining  respiration,  and  by  arrest  of  the  heart's 
action.  There  are  slight  periodic  variations  coincident  with  variations  in  the  blood-pressure. 
The  contractions  of  the  bladder  cease  after  deep  inspiration,  and  also  during  apnoea  (Mosso  and 
f^ilacani).  The  excised  bladder  of  the  frog,  and  even  portions  free  from  ganglia,  exhibit 
rhythmical  contractions,  which  are  increased  by  heat  {Pfait).  [Ashdown  fomrd  in  dogs  that 
tbe  bladder  exhibits  regular  rbjrthmical  contractions,  which  were  influenced  by  the  degree  of 
distention  of  the  bladder,  being  most  marked  with  moderate  dilatation  and  least  when  the 
bladder  was  feebly  or  over-distended.  The  contractions  could  be  registered  by  means  of  a 
wrater-manometer  communicating  with  the  interior  of  (he  bladder.] 

Nerves  of  Micturition. — The  nerves  concerned  in  the  retention  and 
evacuation  of  the  urine  are :  i.  The  motor  nerves  of  the  sphincter  urethrae, 
Mrhich  lie  in  the  pudendal  nerve  (anterior  roots  of  the  third  and  fourth  sacral 
nerves).  When  these  nerves  are  divided,  as  soon  as  the  bladder  becomes  so 
distended  as  to  dilate  the  urethral  opening,  the  urine  begins  to  trickle  away 
^incontinence  of  urine).  2.  The  sensory  nerves  of  the  urethra,  which  excite 
these  reflexes,  leave  the  spinal  cord  by  the  posterior  roots  of  the  third,  fourth 
i.nd  fifth  sacral  nerves.  Section  of  these  nerves  causes  incontinence  of  urine. 
Fhe  centre  for  the  reflex  in  dogs  lies  opposite  the  fifth,  and  in  rabbits  opposite 
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the  seventh  lumbar  vertebra  {Budge),  3.  Fibres  pass  from  the  cerebrum— 
those  that  convey  voluntary  impulses  through  the  peduncles,  and  the  anterior 
columns  of  the  spinal  cord  (according  to  Mosso  and  Pellacani,  through  the 
posterior  columns  and  the  posterior  part  of  the  lateral  columns),  to  the  motor 
fibres  of  the  sphincter  urethras.  4.  The  inhibitory  fibres  concerned  in  the 
reflex-inhibition  of  the  sphincter  urethras  take  the  same  course  (perhaps  from 
the  optic  thalamus?)  downwards  through  the  cord  to  where  the  third,  fourth 
and  fifth  sacral  nerves  leave  it.  5.  Sensory  nerves  proceed  from  the  urethra 
and  bladder  to  the  brain,  but  their  course  is  not  known.  Some  of  the  motor 
and  sensory  fibres  lie  for  a  part  of  their  course  in  the  sympathetic. 

[Just  as  the  rectum  is  supplied  by  two  sets  of  nerve-fibres,  so  the  bladder 
receives  nerve-fibres,  viz.,  from  the  sacral  nerves.  Stimulation  of  these  nerves 
not  only  causes  contraction  of  the  longitudinal  fibres  of  the  rectum,  bat  also 
contraction  of  the  bladder,  in  which  act  the  longitudinal  muscular  fibres  of  the 
bladder  take  the  most  active  part.  Stimulation  of  the  hypogastric  nerves  coming 
from  the  upper  lumbar  and  dorsal  region  cause  chiefly  contraction  of  the  circular 
fibres  of  the  bladder,  as  well  as  contraction  of  the  circular  fibres  of  the  rectum.] 

Transverse  section  of  the  spinal  cord  above  where  the  nerves  leave  \i, 
is  always  followed  in  the  first  instance  by  retention  of  urine,  so  that  the  bladder 
becomes  distended.  This  occurs  because — (i)  the  section  of  the  spinal  cord 
increases  the  reflex  activity  of  the  urethral  sphincter ;  and  (2)  because  the 
inhibition  of  this  reflex  can  no  longer  take  place.  As  soon,  however,  as  the 
bladder  becomes  so  distended,  as  in  a  purely  mechanical  manner  to  cause  dilata- 
tion of  the  urethral  orifice,  then  the  urine  trickles  away,  but  the  amount  of 
urine  which  trickles  out  in  drops  is  small.  Thus  the  bladder  becomes  more  and 
more  distended,  as  the  continuously  distended  walls  of  the  organ  yield  to  the 
increased  tension,  so  that  the  bladder  may  become  distended  to  an  enormcMS 
extent.  The  urine  very  frequently  becomes  ammoniacal,  accompanied  by 
catarrh  and  inflammation  of  the  bladder  (§  263). 

[In  dogs,  with  their  cord  divided  at  the  last  dorsal  vertebra, — whereby  tbc 
lumbar  part  of  the  cord  is  completely  cut  off*  from  all  volitional  impulses, — after 
a  time,  /.  ^.,  when  the  cord  has  recovered,  micturition  takes  place  reflexly  when 
the  bladder  is  full.  The  reflex  act  may  be  excited  by  gentle  stimulation  of  the 
skin  round  the  anus  or  slight  pressure  on  the  abdomen  XGoitz).'] 

Voluntary  Micturition. — Observers  are  not  agreed  as  to  the  mechanisn 
concerned  in  emptying  the  bladder  when  it  is  only  partially  full.  It  is  stated  by 
some  that  a  voluntary  impulse  passes  from  the  brain  along  a  cerebral  peduncle, 
and  the  cord,  to  the  anterior  roots  of  the  third  and  fourth  sacral  nerves, 
and  partly  through  motor  fibres  from  the  second  to  the  fifth  lumbar  nerves 
(especially  the  third),  to  act  directly  upon  the  smooth  muscular  fibres  of  the 
bladder.  This  is  assumed,  because  electrical  stimulation  of  any  part  of  this 
nervous  channel  causes  contraction  of  the  bladder.  This  view,  however,  does 
not  seem  to  be  the  true  one.  It  is  to  be  remembered  that  Budge  showed  that 
the  sensory  nerves  of  the  wall  of  the  bladder  are  contained  in  the  first,  second, 
third,  and  fourth  sacral  nerves,  and  also  in  part  in  the  course  of  the  hypogastric 
plexus,  whence  they  ultimately  pass  by  the  rami  communicantes  into  the  spinal 
cord. 

According  to  Landois,  the  smooth  musculature  of  the  bladder  cannot  be  ex- 
cited directly  by  a  voluntary  impulse,  but  it  is  always  caused  to  contract  reflexly. 
If  we  wish  to  micturate  when  the  urinary  bladder  contains  a  small  quantity  of 
urine,  we  first  excite  the  sensory  nerves  of  the  opening  of  the  urethra,  either  by 
causing  contraction  or  relaxation  of  the  sphincter  urethras,  or  by  means  of 
slight  abdominal  pressure,  and  thus  force  a  little  urine  into  the  urethral  orifice. 
This  sensory  stimulation  causes  a  reflex  contraction  of  the  walls  of  the  urinary 
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bladder.    At  the  same  time,  this  condition  is  maintained  voluntarily,  by  the 
action  of  the  intracranial  reflex-inhibitory  centre  of  the  sphincter  urethrse.  The 
centre  for  the  reflex  stimulation  of  the  movements  of  the  tualls  of  the  urinary 
bladder  is  placed  somewhat  higher  in  the  spinal  cord  than  that  for  the  sphincter 
uTcthrs.     In  dogs,  it  is  opposite  the  fourth  lumbar  vertebra  {Gianuzzi,  Budge). 
[Two  centres  are  BSsumed  to  exist  in  the  cord,  fig.  355,  one  the  automatic  (A.C.)  at  the  seg- 
ment corresponding  to  the  second,  third,  and  fourth   sacral  nerves,  which  maintains  the  tooic 
action  of  (he  sphincter;  the  other,  a  reflex  centre  (R.C.),  is  situated 
higher,  and  through  it  the  detrusor  urinx  is  excited  (n  contraction. 
Both  ceotres  are  connected  with  and  governed  or  controlled  \>j  a 
cerebral   centre  (C).     The  automatic  centre  is  conoeclcd  with  the 
^hincter,  and  the  other  with  the  urine-expelling  fibres.     They  are 
also  connected  with  afferent  fibres  from  the  bladder  and  elsewhere. 
The  atferent  or  sensory  fibres  are  also  connected  with  the  brain.  The 
automatic  centre  maintains  the  closure  of  the  bladder,  but  if  the 
loiter  be  distended,  different  impulses  proceeding  from  it  reach  the 
qrinal  centre,  and  it  may  be  the  cerebrum.     The  impulses  reaching 
the  automatic  centre  inhibit  its  action  and  those  to  the  reilex  centre 
excilc  it,  so  that  the  detrusor  urinie  contracts.     If  Ihe  afferent  im- 
pnisea  be  powerful,  a  deaire  to  urioate  is  excited,  and  voluntary 
impulses  are  excited  which  act  upon  the  spinal  centres  as  the  affer-. 
ent  impulses  do,  and  thus  the  act  of  urination  is  more  easily  accom. 
plished.] 

We  may  conceive  a  voluntary  impulse  to  pass  dowo  special  libres 
to  an  inhibitory  centre,  which  may  either  act  directly  on  the  motor 
centicor  possibly  may  tend  branches  directly  lo  the  sphincter  muscles. 
Painful  Etimulalion  of  sensory  nerves  causes  reilex  conlraction  of 
the  bladder  and  evacualioo  of  the  urine  (in  children  during  teeth- 
ing).    Reflex  conlraclioo  of  the  bladder  can  be  brought  about  in   { 
cats  by  stimulation  of  Ihe  inferior  mesenteric  ganglion.      After  sec-    . 
tjon  of  all  the  nerves  going  to  the  bladder,  hemorrhage  and  asphyxia   ! 
cause  contraction  by  a  direct  effect  upon  the  structures  in  the  wall 
of  tlie  bladder.    As  yet  no  one  bas  succeeded  in  exciting  artiflcially    | 
the  inhibitorv  centre  in  the  brain  for  the  spliincler  muscle  (Soioviin  ... 

aiU  KtnvaJ^'iiy).  "^-  3SS- 

It  seems  probable  that,  as  in  the  case  of  the  anal  sphincter  (|  Scheme  of  micturition  : — 
160),  there  is  not  a  conlmuous  Ionic  reflex  stimulation  of  the  sphinc-  A.C,  R.C.,  C,  automatic, 
terurelhrsei  the  reflex  is  excited  each  time  by  the  contents.  The  reflex,  and  cerebral  cen- 
^>liincter  veuc^  of  Ihe  anatomists,  which  consists  of  smooth  muscu-  tres;  B.,  bladder;  S.,  sca- 
lar tissue,  docs  not  seem  to  take  part  in  closing  Ibe  bladder.  Budge  sory  centre  acted  on  by 
and  Laodois  found  that,  after  removal  of  the  transversely  striped  afferent  impulses. 
q>hiDcter  urethra!,  stimnlatiou  of  the  smooth  sphincter  did  not  cause 

occlusion  of  Ihe  bladder,  nor  could  L.  Rosenthal  or  ».  Wiilich  convince  themselves  of  the  pres- 
ence of  tonus  in  this  muscle.     Indeed,  its  very  existence  is  questioned  by  Hcnle. 

Changes  of  the  Urine  in  the  Bladder. — When  the  urine  is  retained  ui  the  bladder  for  a 
considerable  time,  according  to  Kaupp,  there  is  an  increase  in  the  sodium  chloride  and  a  decrease 
in  tbe  urea  and  water.  Urine  which  remains  for  a  long  time  in  the  bladder  is  prooe  to  undergo 
amiitoniacal  decomposition. 

Abaorption. — Many  observers  have  shown  that  the  mucous  membrare  of  the  bladder  is 
capable  of  absorbing  substances — potassium  iodide  and  other  soluble  salts.  [Ajhdown  has  shown 
that  poisons,  such  as  watery  solutions  of  strychnin,  curare,  eserin,  'emulsions  of  chloroform  and 
ether,  are  absorbed  when  injected  into  the  bladder  of  rabl^ts.  In  rabbits,  KI  injected  into  the 
bladder  through  a  catheter  was  found-in  Ihe  uirncubtained  from  the  divided  ureters.  Water  and 
nrcB  are  also  absorbed — the  latter  in  larger  proportion  than  tbe  former.] 

Aa  the  ureters  enter  near  the  base  of  the  bladder,  the  last-secreted  unne  is  always  lowest.  If  a 
person  remun  perfectly  quid,  Strata  of  urine  are  thus  formed,  and  the  urine  may  be  voided  so 
as  to  prove  this  [^EdlefsenS. 

The  presaure  within  the  bladder,  when  in  the  supine  position  ^  13  to  15  centimetres  of 
vatrr.  Increase  of  the  intra-abdominal  pressure  (by  inspiration,  forced  expiration,  coughing, 
bearing  down)  increases  the  pressure  within  the  bladder.  The  erect  posture  also  increases  it, 
owing  to  the  pressure  of  Ihe  viscera  from  above  {Sikali,  Dubois).  [James  obtained  4  to  4.5 
inches  Hg  as  tiie  highest  expulsive  power  of  tbe  bladder,  including  the  abdominal  pressure,  vol- 
DDtary  and  involuntary.  In  paraplegia,  where  there  is  merely  the  expulsive  power  of  the  bladder, 
be  found  20  to  30  inches  of  water.] 
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[Hydronephrosis  occurs  when  the  areters  and  pelvis  of  the  kidney  become  dibued,  ov^ 
to  partial  and  gradual  obstruction  of  the  outflow  of  urine  from  the  oreters:  if  tbe  obrtractios 
become  complete,  there  is  cessation  of  the  urinary  secretion.  Tames  has  shown  that  the  bbd(ki 
remains  contracted  for  several  seconds  after  it  is  emptied,  and  this  is  specially  the  case  in  irriubk 
bladder ;  so  that  this  condition  may  also  give  rise  to  hydronephrosis  by  damming  up  the  irise 
in  the  ureters.] 

Rapidity  of  Micturition. — The  amount  of  urine  voided  at  first  is  small,  bat  it  increases  vith 
the  time,  and  towards  the  end  of  the  act  it  again  diminishes.  In  men,  the  last  drops  of  oiioe 
are  ejected  from  the  urethra  by  voluntary  contractions  of  the  bulbo-cavemosos  muscle.  AdsJi 
dogs  increase  the  stream  rhythmically  by  the  action  of  this  muscle. 

28X.  RETENTION  AND  INCONTINENCE  OP  URINE.— RetenUon  of  urine  or 
ischuria  occurs:  I.  When  there  is  obstruction  of  the  urethra,  from  foreign  bodies,  concretjm^i, 
stricture,  swelling  of  the  prostate.  2.  Paralysis  or  exhaustion  of  the  musculature  of  the  bladdr; 
the  latter  sometimes  occurs  after  delivery,  in  consequence  of  the  pressure  of  the  child  against  the 
bladder.  3.  After  section  of  the  spinal  cord  f  p.  554).  4.  Where  the  voluntary  impohes  re 
unable  to  act  upon  the  inhibitory  apparatus  of  the  sphincter  urethrae  reflex,  as  well  as  when  tk 
sphincter  urethras  reflex  is  increased. 

Incontinence  of  urine  (stillicidium  urinse)  occurs  in  consequence  of:  i.  Paralysis  of  du 
sphincter  urethne.  2.  Loss  of  sensibility  of  the  urethra,  which  of  course  abolishes  the  rei^  oi 
the  sphincter.  3.  Trickling  of  the  urine  is  a  secondary  consequence  of  section  of  the  spinil  cc^, 
or  of  its  degeneration. 

Strangury  is  an  excessive  reflex  contraction  of  the  walls  of  the  bladder  and  sphincter,  due  to 
stimulation  of  the  bladder  and  urethra ;  it  is  observed  in  inflamnuUion,  neuralgia  [and  after  tbe 
use  of  some  poisons,  e.g.^  cantharides]. 

Enuresis  noctuma,  or  involuntary  emptying  of  the  bladder  at  night,  may  be  doe  to  2s  ir- 
creased  reflex  excitability  of  the  wall  of  the  bladder,  or  weakness  of  the  sphincter. 

282.  COMPARATIVE  AND  HISTORICAL.— Amongst  vertebrates,  the  urinary aai 
genital  organs  are  frequently  combined,  except  in  the  osseous  fishes.  The  WolfiBan  bocio^ 
which  act  as  organs  of  excretion  during  the  embryonic  period,  remain  throogbom  life  in  fisb& 
and  amphibians,  and  continue  to  act  as  such.  Pishes. — ^The  myxinoids  (cyclostomata)  biTcik 
simplest  kidneys;  on  each  side  is  a  long  ureter  with  a  series  of  short-stalked  glomeruli  with  op- 
sules  arranged  along  it.  Both  ureters  open  at  the  genital  pore.  In  the  other  fishes,  the  bdaeii 
lie  often  as  elongatoi  compact  masses  along  both  sides  of  the  vertebral  column.  The  two  iretss 
unite  to  form  a  urethra,  which  always  opens  behind  the  anus,  either  united  with  the  opening  4 
the  genital  organs,  or  behind  this.  In  the  sturgeon  and  hag-fish,  the  anus  and  orifice  of  tk 
urethra  together  form  a  cloaca.  Bladder-like  formations,  which,  however,  are  nMrpholopca^ 
homologous  with  the  urinary  bladder  of  mammals,  occur  in  fishes,  either  on  each  ureter  (nr. 
hag-fish),  or  where  both  join.  In  amphibians,  the  vasa  efferentia  of  the  testicles  are  osiM^ 
with  the  urinary  tubules;  the  duct  in  the  frog  unites  with  the  one  on  the  other  side,  ami  bod 
conjoined  open  into  the  cloaca«  whilst  the  capacious  urinary  bladder  opens  through  the  astenac 
wall  of  the  cloaca.  From  reptiles  upwards,  the  kidney  b  no  longer  a  persistent  WolRiao  bodrJ 
but  a  new  organ.  In  reptiles,  it  is  usually  flattened  and  elongated  ;  the  ureters  open  sii^j  iM 
the  cloaca.  Saurians  and  tortoises  have  a  urinary  bladder.  In  birds,  the  isolated  uretos  opei 
into  the  urogenital  sinus,  which  opens  into  the  cloaca,  internal  to  the  excretoir  ducts  of  tbe  gee^ 
tal  apparatus.  The  urinary  bladder  is  always  absent.  In  mammals,  the  kidnejrs  oftea  cwnq 
of  many  lobules,  e.g.^  dolphin,  ox. 

Amongst  invertet>rates.  the  moUusca  have  excretory  oi]gans  in  the  form  of  canals,  wtan 
are  provided  with  an  outer  and  inner  opening.  In  the  mussel  this  canal  is  provided  with  aspo■$^ 
like  organ,  often  with  a  central  cavity,  and  consisting  of  ciliated  secretory  cells,  placed  at  M 
base  of  the  gills  (organ  of  Bojanus).  In  gasteropods,  with  analogous  organs,  uric  acid  his  bea 
found.  Insects,  spiders,  and  centipedes  have  the  so-called  Malpighian  vessels,  whidi  m 
excretory  organs,  partly  for  uric  acid  and  partly  for  so-called  bile.  These  vessels  are  long  tabus 
which  open  into  the  first  part  of  the  large  intestine.  In  crabs,  blind  tubes  connected  with  ^ 
intestinal  tube  perhaps  have  the  same  functions.    The  vermes  also  have  renal  ofigans. 

Historical. — Aristotle  directed  attention  to  tl^e  relatively  large  size  of  the  human  bbddkr- 
he  named  the  ureters.  Massa  (1552)  found  lymphatics  in  the  kidney.  Enstachius  (f  15^^ 
ligatured  the  ureters  and  found  the  bhidder  empty.  Cusanus  (1565)  investigated  tbe  colore: 
weight  of  the  urine.  Rousset  (1581)  described  the  muscular  nature  of  the  walls  of  the  Uafkir 
Vesling  described  the  trigone  (1753).  The  first  important  chemical  investigations  on  tbe  ^^\ 
date  from  the  time  of  van  Helmont  (1 644).  He  isolated  the  solids  of  the  urine,  and  foot: 
among  them  common  salt ;  he  ascertained  the  higher  specific  gravity  of  fever-urine,  and  siCxftK 
the  origin  of  urinary  calculi  to  the  solids  of  the  urine.  Scheele  (1766)  discovered  ark  acid  u^ 
calcium  phosphate;  Arand  and  Kunckel,  phosphorus;  Rouelle  (1773).  urea;  and  it  got  its  tm^ 
from  Fourcroy  and  Vauquelin  (1799).  Berzelius  found  lactic  acid;  Seguin,  albumin  in  ptf^ 
logical  urine;  Liebig,  hippuric  acid;  Heintz  and  v.  Pettenkofer,  kreatin  and  krealinin;  Wd^it- 
ton  (1810),  cystin.     Marcet  found  xanthin;  and  Lindbergson,  magnesic  carbonate. 
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Functions  of  the  Skin. 

283.  STRUCTURE  OF  THE    SKIN,  HAIR,  AND   NAILS.— 

The  skin  (3.3  to  1.7  mm.  thick;  specific  gravity,  1057)  consists  of — 
[i.  The  epidermis ; 

2.  The  corium,  or  cutis  vera,  with  the  papillae  (fig,  356).! 

The  epidermis  (o.oS  to  0.13  mm.  thick)  consists  of  many  layers  of  stratified 

epithelial  cells  united  to  each  other  by  cement  substance  (figs,  356,  357,  358). 

The  superficial  layers — stratum  corneum — consist  of  several  or  many  layers 

of  dry,  horny  non-nucteated  squames,  which  swell  up  in  solution  of  caustic  soda 


(^(ig.  358,  £).  [It  is  always  thickest  where  intermittent  pressure  is  applied,  as 
on  the  sole  of  the  foot  and  palm  of  the  hand.]  The  next  layer  is  the 
stratum  lucidum,  which  is  clear  and  transparent  m  a  section  of  slcin,  hence 
the  name,  and  consists  of  a  few  compact  layers  of  clear  cells  with  vestiges  of 
nuclei.  [The  cells  are  two  or  three  deep,  are  without  granules,  and  do  not 
staio  readily.]  Under  this  is  the  rete  mucosum  or  rete  Malpighii  (fig.  358, 
</},  consisting  of  many  layers  of  nucleated  protoplasmic  epithelial  cells  which 
contain  pigment  in  the  dark  races,  and  in  the  skin  of  the  scrotum,  and  around 
the  anus.  [The  superficial  cells  are  more  fusiform — at  least  they  appear  fusi- 
form in  section — and  contain  granules  which  stain  deeply  with  carmine  and 
osmic  acid,  and  they  are  devoid  of  prickles.     They  constitute,  3,  the  stratum 
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granulosum.     In  these  cells  the  foTmation  of  keratin  is  about  to  begin,  and 
they  contain  two  sets  of  granules — the  intra-cellular,  hyaline,   albuminoid 
granules  of  WaldeyeT,  which  stain  with  logwood,  and  the  eleidin  grannls  or 
Ranvier,  which  seem  to  be  allied  to  fatty  bodies,  and  are  readily  sUined  bj 
alkaneC.     All  corneous  structures  contain 
similar  granules  in  the  area   where  the 
cells  are  becoming  corneous.      Then  fol- 
low several  layers  of  more  or  less  polyhe- 
dral   cells,    constituting    the    stratum 
sintum     Malpighii,  softer  and  more   plastic  in 
'comcum.    their  nature,  and  exhibiting  the  chaiK- 
ters  of  so-called  "prickle  cells"  (Qg. 
_Sti»tuin     358,  R).    [The  spaces  between  the  fibril* 
lucidum.    connecting    adjacent    cells    are    lyra[^- 
soatum     spaces.]     The  deepest  layers  of  cells  are 
~i«uB.       more  or  less  columnar,  and  the  cells  are 
placed  vertically  upon  the  papilbe  aod 
are    provided    with     spherical     node:. 
Granular  leucocytes  or  wandering  cellf 
are  sometimes  found  between  these  cells. 
_sintum     The  rete  Malpighii  dips  down  betweee 
Malpighii.  adjacent  papillae  and  forms  inter-pa{Mllaiy 
processes.     According  to  KJein,  a  deli- 
cate basement  membrane   separaie? 
the  epidermis  from  the  true  skin.^     The 
superficial    layers   of   the    epidermis  are 
continually  being  thrown  off,  while  ner 
cells  are  continually  being  formed  in  the 
deeper  layers  of  the  skin  by  proliferattCKi 
of  ihe  cells  of  the  rete  Malpighii,  so  tha: 
many  of  the  cells  may  exhibit  mitosiN 
Fig.  357.  There  is  a  gradual  change  in  the  micro- 

VcTticat  sectioD  or  the  hnnum  epadermis;  scopic  and  chemical  characters  of  the 
Ibe  nerve,  fibrils,  «,  *,  ttuned  wiih  gold  cells  from  the  deepest  to  the  supcrficijl 
'^o"^'-  layers  of  the  epidermis.     [In  a  vertical 

section  of  the  skin  stained  writh  picro-carmine,  the  S.  granulosum  is  deeply 
stained  red,  and  is  thus  readily  distinguished  amongst  the  other  layers  of  the 
epidermis.] 

( (i)  Stratum  comeum,  1  *-  y,-  / 
Epidermis  J  (2)  Stratum  lucidum,  |  '-"""'• 
(fig.       J  (3)  Stratum  granulosum,  1       Jfe/e 
351)'     ^  (4)  Stratum  Malpighii,     j  Mucotum. 
No  pigment  is  farmed  wilhin  the  epidermis  itself  [but  in  the  colored  races 
pigment -granules  of  melanin  exist  in  the  cells  of  the  deepest  layers  of  the 
stratum  Malpighii]  ;  when  it  is  present,  it  is  carried  by  leucocytes   from  the 
subcutaneous  tissue  {Kiekl,  Ehrmann,  Aeiy).     This  explains  how  it    is  thil  a 
piece  of  white  skin,  transplanted  to  a  negro,  becomes  black  {JCtiry). 

[Herxheimer  hu  described  tome  peculiar  ■•  spirals  "  in  the  epidennit.  Thtjtteaa  itthei-x 
to  ctmgulatign  of  >  proLeid.] 

The  corium  (fig.  358,  I,  C)  is  beset  over  its  entire  surface  by  nomerou? 
(0.5  to  0.1  mm.  high)  papillae  (figs.  356,  358),  the  largest  being  upon  tbevt^ 
surface  of  the  hand  and  foot,  on  the  nipple  and  gUns  penis.  Most  of  tbe 
papillae  contain  a  looped  capillary  {g),  while  in  certain  regions  sonae  of  them 


Sec.  283.]  STRUCTURE   OF   THE   SKIN, 


i  touch-corpuscle  (fig.  359,  a).  The  papillae  are  disposed  in 
groups,  whose  airangeinent  varies  in  different  parts  of  the  body.  In  the  palm 
or  the  hand  and  sole  of  the  foot  they  occur  in  rows,  which  are  marked  out 


•) 


',  Vertiemt  section  of  the  ilun,  with  a  hair  ind  scbaceoai  gUnd,  T.  Epidennii  and  coriam 
sboncned — l,  outer;  z,  inner  fibrous  layer  of  the  haii -follicle ;  3,  its  hyaline  layer;  4, 
ODt«r  rool-shealh;  5,  Huxley's  layer  of  the  inner  rool-sbealh;  6,  Hcnie's  Uy«r  of  Ihe 
same;  /,  root  of  the  hair,  with  ii»  pagHlla ;  A.,  arrector  pili  muscle;  C,  c<Kium ;  a,  sub- 
Cutaneous  fatty  tissue;  i,  epidermis  (horny  layer);  r/,  rele  Malpighii;  g,  blood-vessels  of 
papilla:;  v,  lymphatics  of  Ihe  same;  4,  homy  or  tximeous  substance;  1,  medulla  or  pith; 
i,  ctndemiis  or  cuticle  of  hair;  K,  coil  of  sweal-glaoit ,  E,  epidermal  scales  fieen  from 
above  and  en  fact)  from  the  stratum  comeum;  R,  prickle  celts  from  ihe  rete  Malpighii; 
R,  iDper'icial,  and  m,  deep  celts  from  the  nail;  H,  hair  magnilied ;  e,  cuticle;  c,  medulla, 
wiih  cells;  f,f,  fusiform  lilirous  cells  of  Ihe  substance  of  the  hair;  x,  cells  of  Huxley's 
layer;  /,  ibose  of  Henle's  layer;  S,  transverse  section  of  a  iireat-gland  from  tbe  axilla; 
a,  sgiooth  muncular  fibres  surrounding  it ;  /.  cells  from  ■  sebaceous  gland,  some  of  them 
containing  grannlra  of  ail. 

■y  the  existence  of  delicate  furrows  on  the  surface  visible  to  the  naked  eye. 
*he  corium  consists  of  a  dense  network  of  bundles  of  white  fibrous  tissue 
lixed  with  a  network  of  elastic  fibres,  which  are  more  delicate  in  the  pa- 
illae.     In  silversmiths  the  clastic  fibres  are  blackened  by  the  partial  deposition 
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of  reduced  silver,  and  the  same  obtains  in  those  who  take  silver  nitrate  in  such 
quantity  as  to  produce  argyria.     The  connective -tissue  contains  many  connec- 
tive-tissue corpuscles  and  numerous  leucocytes.     The  deeper  connective-tissue 
layers  of  the  cortum    gradually  pass  into  the  subcutaneotis  tissue,  where 
they  form  a  trabecular  arrangement  of  bundles,  leaving  between  them  elongaicd 
rhomboidal  spaces  filled  for  the  most  part  with  groups  of  fat-cells  (figs.  356, 
358,  a,  a).     [In  microscopic  sec- 
I  tions,  after  the  action  of  alcohol,  the 
fat-cells   not   unfrequeutly  contain 
crystals  of  margarin  (fig.  195)-] 
■V  The  long  axis  of  the  rhomb  corre- 

sponds to  the  greater  tension  of  the 
skin  at  that  part  (C.  Laager).  In 
some  situations  the  subcutaneous 
tissue  is  devoid  of  fat  [penis,  eye- 
lids].  In  many  situations,  the  skin 
*  ^''*  is  fixed    by  solid  fibrous  bands  to 

Papillw  of   ihe  skin,    epidermii    "moved,  blood,  subjacent  structures,  as  fascise,  lip- 
KOMlsmjected;  some  conUir  >  Wagner",  touch-         ^  ^  (tenacula  CUlb): 

corpuscle,  a,  the  others  a  c»pill«ry  loop.  .         ,  ^         '-"•=.  *.■*    ; , 

'  r      .-      r  m  Qtijcr  parts,  as  over  bony  promi- 

nences, bursEe  partially  lined  with  endothelium  and  filled  with  synovia-like 
fluid,  occur. 

Smooth  muscular  fibres  occur  in  the  corium  in  certain  situations  on 
extensor  surfaces  (Neumann) ;  nipple,  areola  mammas,  prepuce,  perinseum,  an<t 
in  special  abundance  in  the  tunica  dartos  of  the  scrotum. 

[Ouanin  in  the  Skin. — The  skin  of  many  amphibiuis  and  repliles  coaiain  brovn  or  bhd 
pigmcDl-giapiiles,  and  other  granules  of  a  white,  »lvery,  or  chalky  appeUBnce.  Ewald  lol 
ktukenberg  have  shown  that  the  latier  consist  of  guanin,  and  thai  this  substance  is  veij  wkidi 
diffused  in  the  skin  of  fishes,  amphibians,  and  reptiles.  Teat :  Select  a  piece  of  skin  liooi  tbc 
lielly  of  a  frog ;  place  il  in  a  porcelain  capsule  as  for  (be  murexide  test;  add  conceDtraled  nilrK 
acid,  and  heal  to  dryness,  when  a  yellow  residue  is  obtained  ;  on  adding  a  drop  of  caustic  taii 
a  red  color  is  struck.  The  yellow  residue  gives  no  reaction  with  amniooia.  If  10  tbe  floid  am 
water  be  added,  and  it  be  then  heated,  distributed  over  the  surface  of  the  capsule,  and  cooled  i? 
blowing  upon  il,  various  shades  of  purple  and  violet  are  obtained.] 

The  nails  (specific  gravity  1.19)  consist  of  numerous  layers  of  solid,  homy, 
homogeneous,  epidermal,  or  nail-cells,  which  maybe  isolated  with  a  solution  of 
caustic  alkali,  when  they  swell  up  and  exhibit  the  remains  of  an  elongate<i 
nucleus  (fig.  358,  n,  m).  The  whole  under-surface  of  the  nail  rests  upon  the 
nail-bed ;  the  lateral  and  posterior  edges  lie  in  a  deep  grove,  the  nail-groove 
(fig.  360,  e).  The  corium  under  the  nail  is  covered  throughout  its  eotin: 
extent  by  longitudinal  rows  of  ridges  (fig.  360,  d).  Above  this  there  lies.  *5 
in  the  skin,  many  layers  of  prickle  cells  like  those  in  the  rete  Malpighii  (fig- 
358,  d),  and  above  this  again  is  the  substance  of  the  nail  (fig.  360,  a).  [Tbe 
stratum  granulosum  is  rudimentary  in  the  nail-bed.  The  substance  of  the  nijl 
represents  the  stratum  lucidum ,  there  being  no  stratum  corneum  {K/ein).'}  The 
posterior  part  of  the  nail-groove  and  the  half  moon,  brighter  part  or  lannlc, 
form  the  root  of  the  nail.  They  are,  at  the  same  lime,  the  matrix  from  whidi 
growth  of  the  nail  takes  place.  The  lunule  is  present  in  an  isolated  nail,  and  ^ 
due  to'  diminished  transparency  of  tbe  posterior  part  of  the  nail,  owing  to  ik 
special  thickness  and  uniform  distribution  of  the  cells  of  the  rete  Malpigh:: 
{Toidl)- 

Growth  of  the  Nail. — According  to  Unna,  the  matrix  extends  to  the  front  part  of  ik 
lanule.  The  nail  grows  continually  from  behind  forwards,  and  is  foimed  by  layers  seCRled  « 
formed  by  the  matrix.  These  layers  run  parallel  to  the  surface  of  ihe  matrix.  Tbej  !■ 
obliquely  from  above  and  behind,  downwards  and  forwards,  through  ihe  ihicknesi  of  ibe  lab- 


Sec,  283.]  NAILS   AND   HAIR,  561 

sCaace  o(  ihe  nail..  The  Dai)  a  ot  the  same  tfaickoess  from  Ihe  anterior  ma^n  of  the  lunole 
fbrwardi  10  its  free  loargia.  Thus  ihe  nail  do«>  not  grow  in  thicknesa  id  thii  region.  In  the 
cuurac  of  a  year  (he  fingers  produce  abou)  2  grms.  of  nail  substance,  and  relativclf  more  in 

Development. — t.  From  the  second  to  the  eighth  month  of  fietal  life,  the  position  of  ihe 
nail  is  indicated  by  a  partial  but  marked  horay  condition  of  Che  epidennii  on  the  back  of  the 
fira  phalanx,  the  "  eponychium."  The  remainder  of  this  subslance  is  represented  daring 
life  Of  the  nonnally  formed  epidermal  layer,  which  separates  the  future  nail  from  the  surface  of 
the  furrow,  a.  The  future  oail  is  formed  under  the  eponychium,  wiih  in  first  nail-cells  still  in 
front  of  the  nail-groove  ;  then  the  nail  grows  and  pushes  forward  towards  ihe  groove.  At  the 
seventh  month,  the  nail  (itself  covered  by  the  eponychium)  covers  the  whole  exteac  of  the  oail- 
bed.  3.  When,  at  a  later  period,  Ihe  eponychium  splits  off,  the  nail  is  uncovered.  After  birth 
tbe  rit^esare  formed  on  the  bed  of  the  nail,  while  simullaneousty  the  matrix  pastes  backwards 
to  the  moM  poaerior  part  of  the  groove  (Wina). 

Absence  of  Haira.^The  whole  ot  the  skin,  with  the  eaceplion  of  Ihe  palmar  surface  of 
the  hand,  sole  of  the  foot,  dorsal  surface  of  the  third  phalanx  of  the  fingers  and  toes,  outer 
surfiice  of  the  eyelids,  glans  penis,  inner  surface  of  the  prepuce,  and  part  of  the  labia,  ia  covered 
with  hurs,  wMch  may  be  Mtong  or  line  (lanugo). 

A  Hair  (specific  gravity  1.26)  is  fixed  by  its  lower  extremity  (root)  in  a 
depression  of  the  skin  or  a  hair-follicle  (fig.  358,  1,  /)  which  passes  obliquely 
through  the  thickness  of  the 
skiD,  sometimes  as  far  as  the 
subcutaneous    tissue.      The 
structure  of  a  hair-follicle  is 
the    following:  —  i.     The 
outer  fibrous  layer  (figs.  ■ 
358.   I.  357)'  composed  of| 
interwoven    bundles  of  con- 1 
nee tive-t  issue,  arranged    for 
the  most  part  longitudinally, 
and  provided  with  numerous 
blood-vessels  and  nerves.  [It 
is  just  the  connective-tissue 
>f  the  surrounding  corium]. 
I.  The  inner  fibrous  layer 

figs-  358,  2,  361)   consists  Fig- 360. 

)f  a  layer  of  fusiform   cells  Transverse  section  of  one-half  of  a  oail.    a,  natl-subsiance ; 

.. {.      I         cL      ,      i,   more  open  layer  of  cells  of  the  nail  -  bed :   c,  stratum 

?  smooth     muscular     fibres)      ^i,,  j  hi[^  the  iiail-bed ;  ,/,  transversely  divided  ridges ; 
irrangred  circularly.    [It  does      ,,  nail-giwive ;   /.   horny  layer  of  i  projecting  over  the 
lot    extend    throughout    the      nail;  f,  pa[Nlbe  of  the  skin  on  the  back  of  the  finger. 
rhole  length  of  the  follicle]. 

:.  Inside  this  layer  is  a  transparent,  hyaline,  glass-like  basement  membrane 
fig.  358,  3,  3^1),  which  ends  at  the  neck  of  the  hair-folllcte ;  while  above  it 
)  continu^  as  the  basement  membrane  which  exists  between  the  epidermis 
nd  corium  (?).  In  addition  to  these  coverings,  a  hair-follicle  has  epithelial 
overings  which  must  be  regarded  in  relation  to  the  layers  of  the  epidermis. 
minediately  within  the  glass-like  membrane  is  the  outer  root-sheath  (figs. 
S^i  4>  3^'i  363)1  which  consists  of  so  many  layers  of  epithelial  cells  that  it 
irms  a  conspicuous  covering.  It  is,  in  fact,  a  direct  continuation  of  the 
ratum  Malpighii,  and  consists  of  many  layers  of  soft  cells,  the  cells  of  the 
uter  layer  being  cylindrical.  Towards  the  base  of  the  hair-follicle  it  becomes 
arrower,  and  is  united  to,  and  continuous  with,  the  cells  of  the  root  of  the  hair 
self,  at  least  in  fully  developed  hairs.  The  horny  layer  of  the  epidermis  con- 
nues  to  retain  its  properties  as  far  down  as  the  orifice  of  the  sebaceous  follirle ; 
elow  this  point,  however,  it  is  continued  as  the  inner  root-aheath.  This 
ansists  of  (i)  a  single  layer  of  elongated,  flat,  homogeneous,  non-nucleated 
;Ils  (figs.  358,  6,  361,  /—/fence's  layer)  placed  next  and  within  the  outer 
36 
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root-slieath.  Within  this  lies  (i)  Huxley's  layer  (figs.  358,  5,  361,  g),  con- 
sisting of  nucleated  elongated  polygonal  cells  (fig.  358,  x,  and  3),  while  Iht 
cuticle  of  the  hair-follicle  is  composed  of  cells  analogous  to  those  of  the  sur- 
face of  the  hair  itself.  Towards  the  bulb  of  (he  hair  these  three  layeis  become 
fused  together, 

[Coverings  of  a  hair-follicle  arranged  from  without  inwards — 
_.,  ,  1  (")  Longitudinally  arranged  fibrous  tissue. 

I.  I'ibrous  layere,  j  ^^j  Circularly  arranged  spindle  cells, 

a.  Glass-like  ^hyaline)  membrane. 

f  {a)  Outer  root-sheath.  ,  h™1«.'^  lav^r 

3.  Epithelial  layers.  \  {-*)  Inner  root-sheath.  ]  Hn«W%  l-vVr 

.((0  Cuticle  of  the  hair.  t  Huxley  s  layer. 

4.  The  hair  itself] 

The  arrector  pili  muscle  (fig.  358,  A)  is  a  fan-like  arrangement  of  a  lajM 
of  smooth  muscular  fibres,  attached  below  to  the  side  of  a  hair-follicic  and 
extending  towards  the  surface  of  the  corium  ;  u 
it  stretches  obliquely  upwards,  it  subtends  ik 
obtuse  angle  formed  by  the  hair-follicle  and  the 
surface  of  the  skin,  [or,  in  other  words,  it  forais 
an  acute  angle  with  the  hair- follicle,  and  betwwn 
it  and  the  follicle  lies  the  sebaceous  gland]. 
When  these  muscles  contract,  they  raise  and eitct 
the  hair-follicles,  producing  the  condition  01 
cutis  anserina  or  goostskin.  As  the  sebaceov 
gland  lies  in  the  angle  between  the  muscle  and  tbe 
hair-follicle,  contraction  of  the  muscle  comprean 
the  gland  and  favors  the  evacuation  of  the  seba- 
ceous secretion.  It  also  compresses  the  blood- 
vessels of  the  papilla  (l/nna). 

The  hair  with  its  large  bulbous  extremity— 

hair-bulb — sits  upon,  or  rather  embraces,  ibe 

papilla.       It   consists   of    (i)    the    marrim  ot 

medulla  (tig.  358,  i ),  which  is  absrat  in  woollv 

hair  and  in  the  hairs  formed  during  the  first  ycit 

of  life.     It  is  composed  of  two  or  three  rows  oi 

•^'^■361.  cubical  cells  (H,  ■:)•      (a)  Outside  this  lies  tiw 

Transverse  Mction  of  ahairand  its  thicker  COrtex  (A),  which   consists  of  elongated. 

^"■'i'^'*    u,'  ?'"  '^1'"°''*  ■""■'  '■'gid.  horny,  fibrous  cells  (H,  /,  /),  while  in  and 

';;=t4  "•S'^^ir^r"  ^^-^^  these  celU  He  the  pigment  granulesoftl. 

glass-like  layer;  e,  outer,  /,  ^,  "^"-     (3)  The  surface  of  the  hair  is  covered  wiiB 

inner.root-sheath;/,  outer  layer  a  CUticlc  H),  which  consists  of  imbricated  layen 

of  the  some  (Henie's  sheath);  of  non-nucleated  SQuames. 

-   JDOerUjrerof  thesaine(IIui- 

'ssbealh):  <t,cutic1e;  /,  bair.       [Nerves. — Numerous  nerve-fibres  are  distritnied  in  I^t 
hair-follicles  (J  414.] 

Gray  Hair. — When  (be  hair  becomes  ^nv,  as  io  old  age,  this  is  due  to  defective  fonnauoa^ 
pigment  ia  the  cortical  part.  The  silvery  appearance  of  white  hair  is  iacreased  wbeil  SBii 
air-cavities  are  developed,  especially  in  the  medulla,  and  10  a  less  extent  in  the  coitci,  •Ixit  j 
they  reflect  Ihe  light,  Landois  reCOTdl  B  case  of  the  hair  becoming  suddmly  eray,  in  a  van 
whose  hsir  became  gray  during  a  single  night,  in  the  coarse  of  an  attack  of  delirium  trenas. 
Numerous  air-spaces  were  found  throughout  the  entire  marrow  of  the  (blond)  hairs,  whik  t-i 
hair-pigment  still  remained. 

[Blood-Pigment  in  Haira.— Tiie  feelers  of  albiiKi  rabbits  contain  binod-pigmeiu  ia  sn>*  1 
part  of  (heir  sabatance  (Sig.  Mayfr).'] 

Development  of  Hair, — According  to  KSlIiker,  from  the  lltb  to  I  Jih  week  of  iolra-rMtix 
life,  solid  nnger-like  processes  of  the  epidenois  arc  pushed  down  into  the  corium.  The  proce^ 
becomes  flask-shaped,  while  the  central  cells  of  the  cylinder  become  elongated,  and  (ni  > 
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cmical  body,  ariiing  as  it  were  from  the  depth  of  the  recess.    It  soon  differentistes  idIo  an  moer 
dvkcr  p>n,  wbich  becomes  the  hair,  and  a  thinner,  clearer  layer  covering  the  former,  the  inner 
toot-sheatb.     The  outer  cells.  1'.  e.,  those  Ijing  next  the  wall  of  the  sM,  form  the  outer  rool- 
ibeatb.     Outside  this  again  the  fibrous  tissue  of  the  corium  forms  a  rudimentary  hair-follicle, 
white  one  of  the  pa|Hllx  grows  up  against  il,  indenis  it,  and  becomes  embraced  by  (he  bulb  of 
the  hair.     This  is  Ihe  hair  pafrilia,  which  contains  a  loop  of  blood -lesscU.     The  cells  of  Ihe 
bulb  of  the   hair  proliferBte  rapidly,  and   thus  ihe   hair 
grows  in  length.     The  point  of  ihe  haii;  is  thereby  gradu- 
ally pushed  upwards,  pierces  (he  inner  root-shealh,  and 
passes  obliquely  through  Ibe  epidermis.    Tbe  haiis  appear 
upon  the  forehead  at  ihe  19th  week )  at  the  13d  to  Z5lh 

i week  the  lanugo  bun  appear  free,   and  they  have   a 

charactoistic  arrangement  on  difTcrent  parts  of  the  body. 
PbyBical  Properties. — Hair  has  very  considerable 
elasticity  (stretching  lo  0.33  of  ils  length),  considerable 
cohesion  (carrying  3  to  5  lbs.),  resiatt  putrefaction  for 
a  long  time,and  is  highly  hygroscopic.  The  last  properly 
is  alio  possessed  by  epidermal  scales,  as  is  proved  by  the 
pains  that  occur  in  old  wounds  and  scars  dating  damp 
weather. 

Qrawth  of  a  hair  occurs  by  proliferation  of  the  cells 


Fig.  362. 
!>ectioii  of  a  hatr.follicle  while  a  hair 
is  being  shed,  a,  outer  and  middle 
sheaths  of  hair-follicle  ;  6,  hyaline 
membrane ;  t,  papilla,  with  a  capil- 
lary;  1/.  outer,  <,  inner  rool-sheath  ; 

/  cuticle  of  the  latter;  g,  cuticle  of  ''B-  3°3- 

ihe  hair  i  ^,  young  non-medultated  Sebaceous  gland,  with  a  laoogo  hair, 

hair;  i,  tip  of  new  hair;   /,  hair-  a,  granular  epithelium;  A,  rete  Msl- 

IcDOb  of  the  shed  hair,  with  t,  the  pighii   continuous  with  a;   r,  fatty 

remainderof  the  cast.off  outerroot-  cells  and  free  fat;  i/,  acini;  f,  hair- 

shealh.  follicle,  with  a  small  hair,/ 

on  the  surface  of  tbe  bair  pajnlla,  these  cdls  representing  the  matrix  of  Ihe  hair,     Layo-  after 
lajer  is  formed,  and  gradually  (he  hair  is  rai^d  higher  within  its  follicle. 

Cbange  of  tbe  Hair. — According  to  one  view,  when  the  hair  has  reached  its  full  length,  Ibe 
process  of  formalion  on  the  surface  of  the  hair  papilla  is  interrupted;  the  root  of  the  hair  is 
raised  from  the  papilla,  becomes  homy,  remains  almost  devoid  of  pigment,  and  is  gradually 
more  mad  more  lifted  upwards  from  the  sur&ce  of  the  papilla,  while  its  lower  bulbous  end 
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becomes  split  up  like  a  brush.  The  lower  empty  part  of  the  hair-foUicle  becomes  smaller,  whfle 
on  the  old  papilla  a  new  formation  of  a  hair  begins,  the  old  hair  at  the  same  time  falling  oat 
{C/nna).  According  to  Stieda,  the  old  papilla  disappears,  while  a  new  one  is  formed  in  the 
hair-follicle,  and  from  it  the  new  hair  is  developed.  According  to  Kdlliker,  again,  both  pro- 
cesses obtain. 

[Erectile  Hairs. — The  vibrissae  or  feelers  in  the  snout  of  some  animals  are  really  orginsoC 
touch,  and  in  each  hair-follicle  is  a  large  blood-sinus.] 

[Chemistry.— In  the  horny  epithelium  the  protoplasm  is  replaced  by  keratin,  which  bdoogs 
to  the  group  of  the  albuminoids  (J  250,  3)  and  contains  sulphur,  which  is  but  loosely  combined, 
for  on  boiling  hairs  with  alkalies  the  sulphur  is  liberated.  It  is  also  the  chief  constituent  of 
hairs,  hoof,  and  feathers,  while  a  similar  body,  neuro-keratin,  is  found  in  nervous  stroctiires. 
The  quantity  of  sulphur  in  keratin  is  about  3-5  per  cent.  Hairs  on  being  burned  yield  5-70  per 
1000  of  ash,  composed  of  250  alkaline  sulphates,  140  calcium  sulphate,  100  iron  oxide,  azid  400 
parts  of  silicic  acid.     As  a  rule,  dark  hairs  yield  more  iron  than  blond  hairs.] 

[The  color  of  the  skin  in  the  colored  races,  and  the  black  or  brown  color  of  hair  in  genoal,h 
due  to  melanin  (p.  484).  There  seem  to  be  several  varieties  of  this  pigment,  t«t  that  of 
human  hair  contains  rather  less  nitrogen  and  more  sulphur  than  some  of  the  others.  It  does  oot 
contain  iron.] 

284.  THE  GLANDS  OF  THE  SKIN.— The  sebaceous  glands  (fig. 
358,  I,  T)  are  simple  acinous  glands,  which  open  by  a  duct  into  the  hair- 
follicles  of  large  hairs  near  their  upper  part ;  in  the  case  of  small  hairs,  the 
latter  may  project  from  the  duct  of  the  gland  (fig.  363).  In  some  situations 
the  ducts  of  the  glands  open  free  upon  the  surface,  e.g.,  the  glands  of  labia 
minora,  glans,  prepuce  (Tyson's  glands),  and  the  red  margins  of  the  lips.  The 
largest  glands  occur  in  the  nose  and  in  the  labia;  they  are  absent  only 
from  the  vola  manus  and  planta  pedis.  The  oblong  alveoli  of  the  gland 
consist  of  a  basement  membrane  lined  with  small  polyhedral  nucleated  granular 
secretory  cells  (fig.  358,  /).  Within  this  are  other  polyhedral  cells,  whose 
substance  contains  numerous  oil-globules ;  the  cells  become  more  fatty  towards 
the  centre  of  the  alveolus.  The  cells  lining  the  duct  are  continuous  with 
those  of  the  outer  root-sheath.  The  detritus  formed  by  the  fatty  raetaniorphcsis 
of  the  cells  constitutes  the  sebum  or  sebaceous  secretion. 

[If  the  "oil  or  coccygeal  gland"  of  a  duck  be  removed,  it  is  foimd  that,  when  the  ammal  is 
submerged,  it  takes  up  between  its  feathers  about  the  same  amount  of  water  as  an  intact  dna; 
but  it  retains  2  to  2^  times  as  much  water  in  its  feathers  {^Max  Joseph).'\ 

The  sweat-glands  (figs.  356,  358,  I,  i),  sometimes  called  sudoriparous 
glands,  consist  of  a  long  blind  tube,  whose  lower  end  is  arranged  in  the  form 
of  a  coil  placed  in  the  areolar  tissue  under  the  skin,  while  the  somewhat 
smaller  upper  end  or  excretory  portion  winds  in  a  vertical,  slightly  wt\-c- 
like  manner,  through  the  corium,  and  in  a  cork-screw  or  spiral  manner 
through  the  epidermis,  where  it  opens  with  a  free,  somewhat  trumpet -shaped, 
mouth  (fig.  356).  The  glands  are  very  numerous  and  large  in  the  i>alm  of 
the  hand,  sole  of  the  fool,  axilla,  forehead,  and  around  the  nipple;  few  on  the 
back  of  the  trunk ;  and  are  absent  on  the  glans,  prepuce,  and  margin  of 
the  lips.  The  circumanal  glands  and  the  ceruminous  glands  of  the 
external  auditory  meatus,  and  Moll's  glands,  which  open  into  the  hair-follicles 
of  the  eyelashes,  are  modifications  of  the  sweat-glands. 

Each  gland-tube  consists  of  a  basement  membrane  lined  by  cells;  the 
excretory  part  or  sweat  canal  of  the  tube  is  lined  by  several  layers  of 
cubical  cells,  whose  surface  is  covered  by  a  delicate  cuticular  layer,  a  small 
central  lumen  being  left.  Within  the  coil  the  structure  is  different.  The  first 
part  of  the  coil  resembles  the  above,  but  as  the  coil  is  the  true  secretory  part 
of  the  gland,  its  structure  differs  from  the  sweat-canal.  This,  the  so-calkfd 
distal  portion  of  the  tube,  is  lined  by  a  single  layer  of  moderately  tall,  clear, 
nucleated  cylindrical  epithelium  {f\g,  358,  S),  often  containing  oil-globules. 
Smooth  muscular  fibres  are  arranged  longitudinally  along  the  tube  in  the  large 
glands  (fig.  358,  S,  a).     There  is  a  distinct  lumen  present  in  the  tube.     As  the 
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duct  passes  through  the  epidermis,  it  winds  its  way  between  the  epidermal  cells 
without  any  independent  membrane  lining  it  {Heynold).  A  network  of  capil< 
laries  surrounds  the  coil.  Before  the  arteries  split  up  into  capillaries,  they 
form  a  true  rete  mirabile  around  the  coil  {Briicke),  This  is  comparable  to  the 
glomerulus  of  the  kidney,  which  may  also  be  regarded  as  a  rete  mirabile. 
Numerous  nerves  pass  to  form  a  plexus,  and  terminate  in  the  glands  {Tomsd), 

The  total  number  of  sweat-glands  is  estimated  by  Krause  at  2^  millions,  which  gives  a 
secretory  surface  of  nearly  1 000  square  metres.  These  glands  secrete  sweat.  Nevertheless, 
an  oily  or  fatty  substance  is  often  mixed  with  the  sweat.  In  some  animals  (glands  in  the  sole  of 
the  foot  of  the  dog,  and  in  birds)  this  oily  secretion  is  very  marked. 

Numerous  lymphatics  occur  in  the  cutis ;  some  arise  by  a  blind  end,  and  others  from  loops 
within  the  papilla  on  a  plane  lower  than  the  vascular  capillary.  [These  open  into  more  or  less 
horizontal  networks  of  tubular  lymphatics  in  the  cutis,  and  these  again  into  the  wide  lymphatics 
of  the  subcutaneous  tissue,  which  are  well  provided  with  valves.]  Special  lymphatic  spaces 
are  disposed  in  relation  with  the  bair-foUicIcs  and  their  glands  {Neumann),  [and  also  with 
the  fat  (ATn'ff).  The  lymphatics  of  the  skin  are  readily  injected  with  Berlin  blue  by  the  puncture 
method]. 

[The  blood-vessels  of  the  skin  are  arranged  in  several  systems.  There  is  a  superficial 
system,  from  which  proceed  the  capillaries  for  the  papillae.  There  is  a  deeper  system  of  vessels 
which  supplies  special  blood-vessels  to  {a)  the  fatty  tissue;  (d)  the  hair- follicles,  each  of  which 
has  a  special  vascular  arrangement  of  its  own,  and  in  connection  with  this  each  sebaceous  gland 
receives  a  special  artery ;  {e)  an  artery  goes  also  to  each  coil  of  a  sweat-gland,  where  it  forms  a 
dense  plexus  of  capillaries  ( Tomsa).'] 

385.  THE  SKIN  AS  A  PROTECTIVE  COVERING.— The  sub- 
cutaneous fatty  tissue  fills  up  the  depressions  between  adjoining  parts  of 
the  body  and  covers  projecting  parts,  so  that  a  more  rounded  appearance  of 
the  body  is  thereby  obtained.  It  also  acts  as  a  soft  elastic  pad  and  protects 
delicate  parts  from  external  pressure  (sole  of  the  foot,  palm  of  the  hand),  and 
h  often  surrounds  and  protects  blood-vessels,  nerves,  etc.  It  is  a  bad  conduc- 
tor of  heat,  and  thus  acts  as  one  of  the  factors  regulating  the  radiation  of  heat 
(§  214,  II,  4),  and,  therefore,  the  temperature  of  the  body.  The  epidermis 
and  cutis  vera  also  act  in  the  same  manner  (§  212).  King  found  that  the  heat- 
conduction  is  less  through  the  skin  and  subcutaneous  fatty  tissue  than  through 
the  skin  alone ;  the  epidermis  conducts  heat  less  easily  than  the  fat  and  the 
corium. 

The  solid,  elastic,  easily  movable  cutis  affords  a  good  protection  against 
external,  mechanical  injuries ;  while  the  dry,  impermeable,  horny  epidermis, 
devoid  of  nerves  and  blood-vessels,  affords  a  further  protection  against  the 
absorption  of  |X)isons,  and  at  the  same  time  it  is  capable  of  resisting,  to  a  cer- 
tain degree,  thermal  and  even  chemical  actions.  A  thin  layer  of  fatty  matter 
protects  the  free  surface  of  the  epidermis  from  the  macerating  action  of  fluids, 
and  from  the  disintegrating  action  of  the  air.  The  epidermis  is  important  in 
connection  with  iht  fluids  of  the  body.  It  exerts  pressure  upon  the  cutaneous 
capillaries,  and  to  a  limited  extent,  prevents  too  great  diffusion  of  fluid  from 
the  cutaneous  vessels.  Parts  of  the  skin  devoid  of  epidermis  are  red  and 
always  moist.  When  dry,  the  epidermis  and  the  epidermal  appendages  are  bad 
conductors  of  electricity  (§  326).  Lastly,  the  existence  of  uninjured  epidermis 
prevents  adjoining  parts  from  growing  together. 

As  the  epidermis  is  but  slightly  extensile  it  is  stretched  over  the  folds  and  papilla  of  the  cutis 
vera,  which  becomes  level  when  the  skin  is  stretched,  and  the  papillae  may  even  disappear  with 
>troi]g  tension  {Lrwinski\ 

286.    CUTANEOUS    RESPIRATION:    SEBUM— SWEAT.— 

The   skin,  with  a  surface  of  more  than  i^  square  metre,  has  the  following 
secretory  functions; — 

1.  The  respiratory  excretion  ; 

2.  The  secretion  of  sebaceous  matter ;  and 

3.  The  secretion  of  sweat. 


566  THE  SEBACEOUS   SECRETION.  [ScC.  286. 

[Besides  this  the  skin  is  protective,  contains  sense-organs,  is  largely 
concerned  in  regulating  the  temperature^  and  may  be  concerned  in 
absorption.] 

I.  Respiration  by  the  skin  has  been  referred  to  (J  130).  The  oi^^ans  concerned  are  tk 
tubes  of  the  sweat-glands,  moistened  as  they  are  with  fluids,  and  surrounded  by  a  ridi  zietvc^k 
of  capillaries.  It  is  uncertain  whether  or  not  the  skin  gives  off  a  small  amount  of  N  or  ammcnii. 
Rdhrig  made  experiments  upon  an  arm  placed  in  an  air-tight  metal  box.  According  to  faim, 
the  amount  of  CO,  and  H,0  excreted  is  subject  to  certain  daily  variations ;  it  is  increased  by 
digestion,  increased  temperature  of  the  surroundings,  the  application  of  cutaneous  stimuli,  ud 
by  impeding  the  pulmonary  respiration.  The  exchange  of  gases  also  depends  upon  the  vasa- 
larity  of  certain  parts  of  the  skin,  while  the  cutaneous  absorption  of  O  also  depends  upoD  the 
number  of  colored  corpuscles  in  the  blood. 

In  frogs  and  other  amphibians,  with  a  thin,  always  moist  epidermis,  the  cutaneoos  resptn- 
tion  is  more  considerable  than  in  warm-blooded  animals.  Jn  winter,  in  frogs,  the  skin  akxK 
yields  ^  of  the  total  amount  of  CO,  excreted  ;  in  summer  ^  of  the  same  (Bia'der) ;  thus,  in 
these  animals  it  is  a  more  important  respiratory  organ  than  the  lungs  themselves. 

Suppression  of  the  cutaneous  activity  by  varnishing  or  dipping  the  skin  in  oil  caoses 
death  by  asphyxia  (frogs)  sooner  than  ligature  of  the  lungs  does.  Varnishing  the  Skim- 
When  the  skin  of  a  warm-blooded  animal  is  covered  with  an  impermeable  varnish  [such  as  gel- 
atin] (Foucaultf  Becquerel^  Brechet\  death  occurs  after  a  time,  probably  owing  to  the  loss  of 
too  much  heat.  The  formation  of  crystalline  ammonio-magnesic  phosphate  in  the  cutaocoos 
tissue  of  such  animals  (Edenhuiztn)  is  not  sufficient  to  account  for  death,  nor  are  congcstkno^ 
internal  organs  and  serous  effusions  satisfactory  explanations.  The  retention  of  the  volatile  seb- 
stances  (acids)  present  in  the  sweat  is  not  sufficient.  Strong  animals  live  longer  than  feeble 
ones;  horses  die  after  several  ^v^  (Geriach)\  they  shiver  and  lose  flesh.  The  larger  the 
cutaneous  surface  left  unvarnished,  the  later  does  death  take  place.  Rabbits  die  when  )\  of 
their  surface  is  varnished.  When  the  entire  surface  of  the  animal  is  varnished,  the  temperaxore 
rapidly  falls  (to  19*^),  the  pulse  and  respirations  vary ;  usually  they  fall  when  the  varnishing  ]ho> 
cess  is  limited ;  increased  frequency  of  respiration  has  been  observed  (|  225).  Hgs,  (fegs 
horses,  when  one-half  of  the  body  is  varnished,  exhibit  only  a  temporary  fall  of  the  temperature 
and  show  signs  of  weakness,  but  do  not  die  (Ellenberger  and  Hofmeister).  [In  extenstte 
burns  of  the  skin,  not  only  is  there  disintegration  of  the  colored  blood -corpnisdes  (v.  Lesser), 
but  in  some  cases  ulcers  occur  in  the  duodenum.  The  cause  of  the  ulceration,  however,  has  not 
been  ascertained  satisfactorily  (Curling).'] 

2.  Sebaceous  Secretion. — The  fatty  matter,  as  it  is  excreted  from  the 
acini  of  the  sebaceous  glands,  is  fluid,  but  even  within  the  excretory  duct  of  ibc 
gland  it  stagnates  and  forms  a  white  fat-like  mass,  which  may  sometimes  be 
expressed  (at  the  side  of  the  nose)  as  a  worm-like  white  body,  the  so-called 
comedo.  The  sebaceous  matter  keeps,  the  skin  supple,  and  prevents  the  hair 
from  becoming  too  dry.  Microscopically,  the  secretion  is  seen  to  contain 
innumerable  fatty  granules,  a  few  gland-cells  filled  with  fat,  visible  after  the 
addition  of  caustic  soda,  crystals  of  cholesterin,  and  in  some  men  a  micro- 
scopic mite-like  animal  (Demodex  foUiculorum). 

[Formation  of  Sebum. — The  cells  lining  the  acini  of  the  glands  proliferate  and  posh  the 
older  cells  towards  the  centre  of  the  alveoli,  where  they  undergo  a  fatty  transformation  to  foes 
the  sebum.  Thus  the  shed  cells  are  themselves  bodily  transformed  into  sebaceous  matter.  1 
condition  different  to  that  obtaining  in  most  of  the  other  secretory  glands.] 

Chemical  Composition  of  Sebum. — The  constituents  are  for  the  most  part  fatty;  diieiy 
olein  (fluid)  and  palmitin  (solid)  fat,  soaps,  and  some  cholesterin  ;  a  small  amount  erf"  alboaua 
and  unknown  extractives.  Amongst  the  inoi^anic  constituents,  the  insoluble  earthy  pho^]hat& 
are  most  abundant ;  while  the  alkaline  chlorides  and  phosphates  are  less  abundant. 

The  vernix  caseosa,  which  covers  the  skin  of  a  new-bom  child,  is  a  greasy  nnxtorc  of 
sebaceous  matter  and  macerated  epidermal  cells  (containing  47.5  per  cent  fat).  A  aaSs 
product  is  the  smegma  prseputialis  (52.8  per  cent,  fat),  in  which  an  ammonia  soap  is  {ffcsest 

The  cerumen  or  ear-wax  is  a  mixture  of  the  secretions  of  the  ceruminous  glands  of  the  er 
(similar  in  structure  to  the  sweat-glands)  and  the  sebaceous  glands  of  the  andhofy  cutt^ 
Be$^ides  the  constituents  of  sebum,  it  contains  yellow  or  brownish  particles,  a  bitter  yelk»v 
extractive  substance  derived  from  the  ceruminous  glands,  potash  soaps,  and  a  ^^ecial  £it.  Tbe 
secretion  of  the  Meibomian  glands  is  sebum. 

[Lanoline. — Liebreich  finds  in  feathers,  hairs,  wool,  and  keratin-tissues  generally,  a  cbdes- 
term  fat,  which,  however,  is  not  a  true  fat,  although  it  saponifies,  but  an  ethereal  compoDodoi* 
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certain  fatty  adds  with  cholesterin.  In  commerce  it  is  obtained  from  wool,  and  is  known  by 
the  above  name  ;  it  forms  an  admirable  basis  for  ointments,  and  it  is  very  readily  absorbed  by 
the  skin.]  Thus,  the  fat-like  substance  for  protecting  the  epidermis  13  partly  formed  along 
with  keratin  in  the  epidermis  itself. 

3.  The  S^veat. — The  sweat  is  secreted  in  the  coil  of  the  sweat-glands.  At 
the  same  time  the  nuclei  of  the  secretory  cells  become  more  spherical  and  the 
cells  (horse)  become  more  granular.  As  long  as  the  secretion  is  small  in 
amount,  the  water  secreted  is  evaporated  at  once  from  the  skin  along  with  the 
volatile  constituents  of  sweat ;  as  soon,  however,  as  the  secretion  is  increased, 
or  evaporation  is  prevented,  drops  of  sweat  appear  on  the  surface  of  the  skin. 
The  former  is  called  insensible  perspiration,  and  the  latter  sensible  per- 
spiration.    [Broadly,  the  quantity  is  about  2  lbs.  in  twenty- four  hours.] 

The  sensible  perspiration  varies  greatly ;  as  a  rule,  the  right  side  of  the  body  perspires  more 
freely  than  tlie  left.  The  palms  of  the  hands  secrete  most,  then  follow  the  soles  of  the  feet, 
cheek,  breast,  upper  arm,  and  fore-arm  (Peiper).  It  falls  from  morning  to  mid-day,  and  rises 
again  towardis  evening,  reaching  its  maximum  before  midnight.  Much  moisture  and  cold  in 
the  surrounding  atmosphere  diminish  it,  and  so  does  diuresis.  In  children,  the  insensible 
perspiration  is  relatively  great.  The  drinking  of  water  favors  it,  alcohol  diminishes  it  {H, 
Si  k  mid). 

Method. — Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  vessel  in  a  warm  bath ; 
the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In  this  way  Favre  collected  2560 
grams  of  sweat  in  i^  hour  [by  exposing  himself  to  a  hot-air  bath  and  drinking  at  the  same  time 
hot  drinks].  An  arm  may  be  inclosed  in  a  cylindrical  vessel,  which  is  fixed  air-tight  round  the 
arm  with  an  elastic  bandage  {ScAottin), 

Amongst  animals,  the  horse  sweats,  so  does  the  ox,  but  to  a  less  extent ;  the  vola  and  planta 
of  apes,  cats,  and  the  hedgehog  secrete  sweat ;  the  snout  of  the  pig  sweats  (?),  while  the  goat, 
rabbit,  rat,  mouse,  and  dog  are  said  not  to  sweat  {Luchsinger).  [The  skin  over  the  body  and 
the  pad  on  the  dog's  foot  contain  numerous  sweat-glands,  which  open  free  on  the  surface  of  the 
pad  and  into  the  luir-follicles  on  the  general  surface  of  the  skin  ( IV,  Stirling).'] 

Microscopically. — The  sweat  contains  only  a  few  epidermal  scales  accidentally  mixed  with 
it,  and  fine  fatty  granules  from  the  sebaceous  glands. 

Chemical  Composition  of  Sweat. — Its  reaction  is  alkaline,  although 
it  frequently  is  acid,  owing  to  the  admixture  of  fatty  acids  from  decomposed 
sebum.  During  profuse  secretion  it*becomes  neutral,  and  lastly  alkaline  again 
(Trumpy  and  Luchsinger),  The  sweat  is  colorless,  slightly  turbid,  of  a  saltish 
taste  J  and  has  a  characteristic  odor  varying  in  different  parts  of  the  body ;  the 
odor  \s  due  to  the  presence  of  volatile  fatty  acids  [specific  gravity,  1003-1005]. 
The  constituents  are  ^vater,  which  is  increased  by  copious  draughts  of  that 
fluid,  and  solids,  which  amount  to  1.2  per  cent.  (0.70  to  2.66  percent. — 
Funke)^  and  of  these  0.90  per  cent,  is  organic  and  0.30  inorganic.  Amongst 
the  organic  constituents  are  neutral  fats  (palmitin,  stearin),  also  present  in 
the  sweat  of  the  palm  of  the  hand,  which  contains  no  sebaceous  glands,  choles- 
terifty  volatile  fatty  acids  (chiefly  formic,  acetic,  butyric,  propionic,  caproic, 
capric  acids),  varying  qualitatively  and  quantitatively  in  different  parts  of  the 
body.  These  acids  are  most  abundant  in  the  sweat  first  (acid)  secreted.  There 
are  also  traces  oiproteids  (similar  to  casein)  and  a  trace  of  albumin  and  urea^ 
about  0.1  per  cent.  [Kast  found  sulphuric  acid  united  as  ethereal  sulphate  of 
skatol  and  phenol,  also  oxy-acids,  and  Capricana  found  kreatinin.]  In  uraemic 
conditions  (anuria  in  cholera)  urea  has  been  found  crystallized  on  the  skin. 
When  the  secretion  of  sweat  is  greatly  increased,  the  amount  of  urea  in  the 
urine  is  diminished,  both  in  health  and  in  uraemia  {Leube),  The  nature  of  the 
reddish -yellow  pigment,  which  is  extracted  from  the  residue  of  sweat  by  alco- 
hol, and  colored  green  by  oxalic  acid,  is  unknown.  Amongst  inorganic 
constituents,  those  that  are  easily  soluble  are  more  abundant  than  those  that 
are  soluble  with  difficulty,  in  the  proportion  of  17  to  i  ;  sodium  chloride,  0.02  ; 
potassium  chloride,  0.02 ;  sulphates,  o.oi  per  1000,  together  with  traces  of 
earthy  phosphates  and  sodium  phosphate.     [Moreover,  the  relative  proportion 
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of  salts  in  sweat  is  quite  different  from  that  in  urine.]  Gases. — Sweat  con- 
tains COj  in  a  state  of  absorption  and  some  N.  When  decomposed  with  free 
access  of  air,  it  yields  ammonia  salt  (^Gorup-Besanez), 

Excretion  of  Substances. — Some  substances  when  introduced  into  the  body  reappear  in  the 
sweat — benzoic,  cinnamic,  tartaric,  and  succinic  acids  are  readily  excreted ;  quinine  and  potisac 
iodide  with  more  difficulty.  Mercuric  chloride,  arsenious  and  arsenic  acids,  sodiam  and  potas- 
sium arseniate  have  also  been  found.  After  taking  arseniate  of  iron,  arsenioos  acid  has  beeo 
found  in  the  sweat,  and  iron  in  the  urine.  Mercury  iodide  reappears  as  a  chloride  in  the  sveat, 
while  the  iodine  occurs  in  the  saliva. 

Formation  of  Pigments  in  the  Skin. — The  leucocytes  furnish  the  ma- 
terial, and  the  pigment  is  deposited  in  granules  in  the  deei>er  layers,  and,  to  a 
less  extent,  in  the  upper  layers,  of  the  rete  Malpighii.  This  occurs  in  the  folds 
around  the  anus,  scrotum,  nipple  [especially  during  pregnancy],  and  every- 
where in  the  colored  races.  There  is  a  diffuse,  whitish-yellow  pigment  in  the 
stratum  corneum,  which  becomes  darker  in  old  age.  The  pigmentation  de- 
pends on  chemical  processes,  reduction  taking  place,  and  these  processes  are 
aided  by  light.  Granular  pigment  lies  also  in  the  layers  of  prickle  cells.  The 
dark  coloration  of  the  skin  may  be  arrested  by  free  O  [hydric  peroxide],  iHiik 
the  corneous  change  is  prevented  at  the  same  time  {C/nna).  [According  to 
Del6pine  melanin  is  not  derived  from  haemoglobin,  but  is  formed  by  the  deep 
layers  of  the  epidermis.] 

Pathological. — To  this  belongs  the  formation  of  liver  spots  or  cholasma,  freckles,  and  the 
pigmentation  of  Addison's  disease  [pigmentation  round  old  ulcers,  etc.]  ({  103,  IV).  [The 
curious  cases  of  pigmentation,  especially  in  neurotic  women,  e.g.^  in  the  eyelids,  deserve  fbithG' 
study  in  relation  to  the  part  played  by  the  nervous  system  in  this  process.] 

287.  INFLUENCE  OF  NERVES  ON  THE  SECRETION  OF 
SWEAT. — The  secretion  of  the  skin,  which  averages  about  ^  of  the  body- 
weight,  /.  ^.,  about  double  the  amount  of  water  excreted  by  the  lungs,  may  be 
increased  or  diminished.  The  liability  to  perspire  varies  much  in  different 
individuals.  The  following  conditions  influence  the  secretion — i.  Increased 
temperature  of  the  surroundings  causes  the  skin  to  become  red,  while  there  • 
is  a  profuse  secretion  of  sweat  (§  214,  II,  i).  Cold,  as  well  as  a  temperature 
of  the  skin  about  50°  C,  arrests  the  secretion.  ^.  A  very  ^vatery  condition 
of  the  blood,  e,  g,,  after  copious  draughts  of  warm  water,  increases  the  secre- 
tion. 3.  Increased  cardiac  and  vascular  activity,  whereby  the  blood-pres- 
sure within  the  cutaneous  capillaries  is  increased,  have  a  similar  effect;  in- 
creased sweating  follows  increased  muscular  activity.  4.  Certain  drugs 
favor  sweating,  ^.g.,  pilocarpin.  Calabar  bean,  strychnin,  picrotoxin,  muscarin, 
nicotin,  camphor,  ammonia  compounds  ;  while  others,  as  atropin  and  morphia, 
in  large  doses,  diminish  or  paralyze  the  secretion.  [Drugs  which  excite  copkws 
perspiration,  so  that  it  stands  as  beads  of  sweat  on  the  skin,  are  called  sudo- 
rifics,  while  those  that  excite  the  secretion  gently  are  diaphoretics,  the  dif- 
ference being  one  of  degree.  Those  drugs  which  lessen  the  secretion  are  called 
antihydrotics.]  5.  It  is  important  to  notice  the  antagonism  which  exists, 
probably  upon  mechanical  grounds,  between  the  secretion  of  sweat,  the  urinarr 
secretion,  and  the  evacuation  of  the  intestine.  Thus  copious  secretion  of  urine 
(^.^.,  in  diabetes)  and  watery  stools  coincide  with  dryness  of  the  skin.  If  the 
secretion  of  sweat  be  increased,  the  p)ercentage  of  salts,  urea,  and  albumin  is 
also  increased,  whilst  the  other  organic  substances  are  diminished.  The  more 
saturated  the  air  is  with  watery  va|X)r,  the  sooner  does  the  secretion  appear  ic 
drops  upon  the  skin,  while  in  dry  air  or  air  in  motion,  owing  to  the  rapid  evapo- 
ration, the  formation  of  drops  of  sweat  is  prevented,  or  at  least  retarded.  [The 
reciprocal  relation  between  the  skin  and  kidneys  is  well  known.  Id  sum- 
mer, when  the  skin  is  active,  the  kidneys  separate  less  "water;  in  winter,  when 
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the  skin  is  less  active,  it  is  cold  and  comparatively  bloodless,  while  the  kidneys 
excrete  more  water,  so  that  the  action  of  these  two  organs  is  in  inverse  ratio.] 
The  influence  of  nerves  on  the  secretion  of  sweat  is  very  marked. 

I.  Just  as  in  the  secretion  of  saliva  (§  145),  vasomotor  nerves  are  usually 
in  action  at  the  same  time  as  the  proper  secretory  nerves ;  the  vaso-dilator 
nerves  (sweating  with  a  red  congested  skin)  are  most  frequently  involved. 
The  fact  that  secretion  of  sweat  does  occasionally  take  place  when  the  skin  is 
pak  (fear,  death-agony)  shows  that,  when  the  vaso-motor  nerves  are  excited, 
so  as  to  constrict  the  cutaneous  blood-vessels,  the  sweat  secretory  nerve-fibres 
may  also  be  active. 

Under  certain  circumstances,  the  amount  of  blood  in  the  skin  seems  to  determine  the  occur- 
rence of  sweating ;  thus,  Dupuy  found  that  section  of  the  cervical  sympathetic  caused  secretion 
on  that  side  of  the  neck  of  a  horse ;  while  Nitzelnadel  found  that  percutaneous  electrical  stimu- 
lation of  the  cervical  sympathetic  in  man  limited  the  sweating. 

[We  may  draw  a  parallel  between  the  secretion  of  saliva  and  that  of  sweat.  Both  are  formed 
in  glands  derived  from  the  outer  layer  of  the  embryo.  Both  secretions  are  formed  from  lymph 
supplied  by  the  blood-stream,  and  if  the  lymph  be  in  sufficient  quantity,  secretion  may  take 
place  when  there  is  no  circulation,  although  in  both  cases  secretion  is  most  lively  when  the 
circulation  is  most  active  and  the  secretory  nerves  of  both  are  excited  simultaneously ;  both 
glands  have  secretory  nerves  distinct  from  the  nerves  of  the  blood-vessels ;  both  glands  may  be 
paralyzed  by  the  action  of  the  nervous  system,  or  in  disease  (fever),  or  conversely,  both  are 
paralyzed  by  atropine  and  excited  by  other  drugs,  e,g.^  pilocarpin.  In  the  gland-cells  of  both, 
histological  changes  accompany  the  secretory  act,  and  no  doubt  similar  electromotor  phenomena 
occur  in  both  glands.] 

II.  Secretory  or  s^veat  nerves,  altogether  independent  of  the  circulation, 
control  the  secretion  of  sweat.  Stimulation  of  these  nerves,  even  in  a  limb 
which  has  been  amputated  in  a  kitten,  causes  a  temporary  secretion  of  sweat, 
/>.,  after  complete  arrest  of  the  circulation  {Goitz,  Kendall  and  Luchsinger, 
Ostraumow),  In  the  intact  condition  of  the  body,  however,  profuse  perspira- 
tion, at  all  events,  is  always  associated  with  simultaneous  dilatation  of  the  blood- 
vessels (just  as,  in  stimulation  of  the  facial  nerve,  an  increased  secretion  of 
saliva  is  associated  with  an  increased  blood-stream — §  145,  A,  I).  The  secre- 
tory nerves  and  those  for  the  blood-vessels  seem  to  lie  in  the  same  nerve- 
trunks. 

The  secretory  nerves  of  the  hind  limbs  (cat)  lie  in  the  sciatic  nerve.  Luch- 
singer  found  that  stimulation  of  the  peripheral  end  of  this  nerve  caused  renewed 
secretion  of  sweat  for  a  period  of  half  an  hour,  provided  the  foot  was  always 
wiped  to  remove  the  sweat  already  formed.  If  a  kitten,  whose  sciatic  nerve  is 
divided  on  one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three 
intact  limbs  soon  begin  to  sweat,  but  the  limb  whose  nerve  is  divided  does  not, 
nor  does  it  do  so  when  the  veins  of  the  limb  are  ligatured  so  as  to  produce  con- 
gestion of  its  blood-vessels.  [The  cat  sweats  only  on  the  hairless  soles  of  the 
feet.]  As  to  the  course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pass 
directly  from  the  spinal  cord  {Vulpian),  some  pass  into  the  abdominal  sympa- 
thetic {Luchsinger,  Nawrockiy  Ostroumow),  through  the  rami  communicantes 
and  the  anterior  spinal  roots  from  the  upper  lumbar  and  lower  dorsal  spinal  cord 
(9  th  to  13th  dorsal  vertebrae — cat),  where  the  sweat -centre  for  the  lower 
limbs  is  situated. 

The  spinal  sweat-centre  may  be  excited  directly:  (i)  By  a  highly 
venous  condition  of  the  blood,  as  during  dyspnoea,  e.g. ,  the  secretion  of  sweat 
that  sometimes  precedes  death ;  (2)  by  overheated  blood  (45®  C.)  streaming 
through  the  centre;  (3)  by  certain  drugs  (see  p.  568).  The  centre  may  be 
also  excited  reflexly,  although  the  results  are  variable,  e.g.^  stimulation  of  the 
crural  and  peroneal  nerves,  as  well  as  the  central  end  of  the  opposite  sciatic 
nerve  excites  it.  [The  pungency  of  mustard  in  the  mouth  may  excite  free 
perspiration  on  the  face.] 
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Anterior  Extremity. — The  secretory  fibres  lie  in  the  ulnar  and  median 
nerves,  for  the  fore- limbs  of  a  cat ;  most  of  them,  or  indeed  all  of  them 
(^Nawrocki),  pass  into  the  thoracic  sympathetic  (Ggl.  stellatum),  and  part  (?) 
run  in  the  nerve-roots  direct  from  the  spinal  cord  {Luchsinger,  VuJ^ian,  Ou). 
A  similar  sweat-centre  for  the  upper  limbs  lies  in  the  lower  part  of  the  cer- 
vical spinal  cord.  Stimulation  of  the  central  ends  of  the  brachial  plexus  causes 
a  reflex  secretion  of  sweat  upon  the  foot  of  the  other  side  {Adamkirwtcs).  At 
the  same  time  the  hind  feet  also  perspire. 

Pathological. — Degeneration  of  the  motor  ganglia  of  the  anterior  horns  of  the  spioftl  cord 
causes  loss  of  the  secretion  of  sweat,  in  addition  to  paralysis  of  the  voluntary  muscles  of  tbt 
trunk.  The  perspiration  is  increased  in  paralyzed  as  well  as  in  oedematous  limbs.  In  nephiiti} 
there  are  great  variations  in  the  amount  of  water  given  off  by  the  skin. 

Head. — The  secretory  fibres  for  this  part  (horse,  man,  snout  of  pig)  lie  in 
the  thoracic  sympathetic,  pass  into  the  ganglion  stellatum,  and  ascend  in  the 
cervical  sympathetic  (§  356,  A.).  Percutaneous  electrical  stimulation  of  the 
cervical  sympathetic  in  man  causes  sweating  of  that  side  of  the  face  and  of  the 
arm  (J/".  Meyer).  In  the  cephalic  portion  of  the  sympatlietic,  some  of  the 
fibres  pass  into,  or  become  applied  to,  the  branches  of  the  trigeminus,  which 
explains  why  stimulation  of  the  infraorbital  nerve  causes  secretion  of  sweat 
Some  fibres,  however,  arise  directly  from  the  roots  of  the  trigeminus  {LMck- 
singer) f  and  the  facial  {Vulpian^  Adamkiewicz), 

Undoubtedly  the  cerebrum  has  a  direct  effect  either  upon  the  vaso-motor 
nerves  (p.  569,  I)  or  upon  the  sweat-secretory  fibres  (II),  as  in  the  sweatiag 
produced  by  psychical  excitement  (pain,  fear,  etc.)* 

Adamkiewicz  and  Senator  found  that,  in  a  man  suffering  from  abscess  of  the  motor  region  of 
the  cortex  cerebri  for  the  arm,  there  were  spasms  and  perspiration  in  the  arm. 

Sweat-centre. — According  to  Adamkiewicz,  the  medulla  oblongata  contains 
the  dominating  sweat-centre  (§  373).  When  this  centre  is  stimulated  in  j 
cat,  all  the  four  feet  sweat,  even  three-quarters  of  an  hour  after  death  {Adam- 
kiewicz), 

III.  The  nerve-fibres  which  terminate  in  the  smooth  muscular  fibres  of  tkt 
sweat-glands  act  upon  the  excretion  of  the  secretion. 

Other  Conditions. — If  the  sweat- nerves  be  divided  (cat),  injection  of  pilocarpin  causes  a sec^^ 
tion  of  sweat,  even  at  the  end  of  three  days.  After  a  longer  period  than  six  days  there  B«r 
be  no  secretion  at  all.  This  observation  coincides  with  the  phenomenon  of  dryness  of  the  skk 
in  paralyzed  limbs.  Diefienbach  found  that  transplanted  portions  of  skin  first  b^an  to  sveti 
when  their  sensibility  was  restored. 

Experiments  on  man. — If  a  motor  nerve  (tibial,  median,  fiacial)  of  a  man  be  stimulated,  svot 
appears  on  the  skin  over  the  muscular  area  supplied  by  the  nerve,  and  also  upon  the  oorrespocd- 
ing  area  of  the  opposite  non- stimulated  side  of  the  body.  This  result  occurs  when  the  dicsb- 
tion  is  arrested  as  well  as  when  it  is  active.  Sensory  and  thermal  stimulation  of  the  skin  alvtn 
cause  a  bilateral  reflex  secretion  independently  of  the  circulation.  The  area  of  sweating  is  ink- 
pendent  of  the  part  of  the  skin  stimulated. 

[Changes  in  the  Cells  during  Secretion. — In  the  resting  glands  of  the  hone,  the  cyfia^- 
cal  cells  are  clear  with  the  nucleus  near  their  attached  ends,  but  after  free  perspiratioo  tbr 
become  granular,  and  their  nucleus  is  more  central  {^Renaut').'\ 

288.  PATHOLOGICAL  VARIATIONS.— I.  Anidrosis  or  diminution  of  the  scof 
tion  of  sweat  occurs  in  diabetes  and  the  cancerous  cachexia,  and  along  with  other  disturfaaBce 
of  nutrition  of  the  skin  in  some  nervous  diseases,  ^.^.,  in  dementia  p>aralytica;  in  some  HB^t^^ 
regions  of  the  skin,  it  has  occurred  in  certain  tropho- neuroses,  e^.^  in  unilateral  atrophy  of  tbe 
face  and  in  paralyzed  parts.  In  many  of  these  cases  it  dependis  upon  paralj^  of  the  correspoec- 
ing  nerves  or  their  spinal  sweat-centres. 

2.  Hyperidrosis,  or  increase  of  the  secretion  of  sweat,  occurs  in  easily  excitable  peisoes,  a 
consequence  of  the  irritation  of  the  nerves  concerned  ({  287),  e.g.^  the  sweating  which  occarsia 
debilitated  conditions  and  in  the  hysterical  (sometimes  on  the  head  and  hands),  and  tbe  Vi~ 
called  epileptoid  sweats  {Euienburg).  Sometimes  the  increase  is  confined  to  on^sidt  eftke  hed 
(H.  unilateralis).    This  condition  is  often  accompanied  with  other  nervous  phemmeoa,  ptfth 
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with  the  syin}itoiiis  of  paralysis  of  the  cervical  sympathetic  (redness  of  the  face,  narrow  pupil), 
paitly  wttJ^  symptQms  of  stimalation  of  the  sympathetic  (dilated  pupil,  exophthalmos).  It  may 
xcur  without  these  phenomena,  and  b  due  perhaps  to  stimulation  of  the  proper  secretory  fibres 
ilone.  [Increased  sweating  is  very  marked  in  certain  fevers,  both  during  their  course  and  at 
the  crisis  in  some ;  while  the  sweat  is  not  only  copious  but  add  in  acute  rheumatism.  The 
*  night-sw^eats  "  of  phthisis  are  very  marked  and  disagreeable.] 

3.  Paridrosis  or  qualitative  changes  in  the  secretion  of  sweat,  e.^.,  the  rare  case  of  **  sweat- 
ing  of  blood"**  (hsematobidrosis),  is  sometimes  unilateral.  According  to  Hebra,  in  some  cases 
this  conditioQ  represents  a  vicarious  form  of  menstruation.  It  is,  however,  usually  one  of  many 
phenomena  of  nervous  affections.  Bloody  sweat  sometimes  occurs  in  yellow  fever.  Bile- 
pigments  have  been  found  in  the  sweat  in  jaundice ;  blue  sweat  from  indigo  (Bizio)^  from 
pyocyanin  (the  rare  blue  coloring-matter  of  pus),  or  from  phosphate  of  the  oxide  of  iron  ( Osc. 
fCoIJmann)  is  extremely  rare.  Such  colored  sweats  are  called  chromidroses.  Numerous  micro- 
orgainisins  (which,  however,  are  innocuous)  live  between  the  epidermal  scales  and  on  the  hairs, 
two  varieties  of  Saccharomycetes ;  in  cutaneous  folds  Leptothrix  epidermalis,  various  Schizo- 
mycetes,  and  five  kinds  of  Micrococci ;  and  between  the  toes — Bacterium  graveolens  {Bordoni- 
ifffreduzxi),  which  causes  the  odor  of  the  sweat  of  the  feet.  Micro-organisms  are  also  the 
cause  of  yellow,  blue,  and  red  sweat ;  the  last  are  due  to  Micrococcus  haematodes. 

Grape-sugar  occurs  in  the  sweat  in  diabetes  mellitus ;  uric  acid  and  cystin  very  rarely ;  and 
in  the  sweat  of  stinking  feet,  leucin,  tyrosin,  valerianic  acid,  and  ammonia.  Stinking  sweat 
\  bromidrosis)  is  due  to  the  decomposition  of  the  sweat,  fi^om  the  presence  of  a  special  micro- 
organism (  Bacterium  foetidum —  Thin).  In  the  sweating  stage  of  ague  butyrate  of  lime  has  been 
found,  while  in  the  sticky  sweat  of  acute  articular  rheumatism  there  is  more  albumin  {Atiselmino), 
ind  the  same  is  the  case  in  artificial  sweating  {Leube) ;  lactic  acid  is  present  in  the  sweat  in 
puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  seborrhoea,  which  may  be  local 
3r  general.  It  may  be  diminished  (Asteatosis  cutis).  The  sebaceous  glands  degenerate  in 
3l  J  {>eopIey  and  hence  the  glancing  of  the  skin  {Rimy).  If  the  ducts  of  the  glands  are  occluded 
iie  sebum  accumulates.  Sometimes  the  duct  is  occluded  by  black  particles  or  ultramarine  (  Unna) 
From  the  blue  used  in  coloring  the  linen.  When  pressed  out,  the  fatty  worm-shaped  secretion 
s  called  '•  comedo." 

289.  CUTANEOUS  ABSORPTION— GALVANIC  CONDUCTION.— After  long 
mmersion  in  water  the  superficial  layers  of  the  epidermis  become  moist  and  swell  up.  The  skin 
s  enable  to  absorb  any  substances,  either  salts  or  vegetable  poisons,  from  watery  solutions  of 
hese.  This  is  due  to  the  fat  normally  present  on  the  epidermis  and  in  the  pores  of  the  skin.  If 
he  fat  be  removed  from  the  skin  by  alcohol,  ether,  or  chloroform,  absorption  may  occur  in  a  few 
ninutes  (  Parisot).  According  to  Rdhrig,  all  volatile  substances,  e.g.^  carbolic  acid  and  others, 
Birhich  act  upon  and  corrode  the  epidermis,  are  capable  of  absorption ;  while  according  to  Juhl, 
(uch  watery  solutions  as  impinge  on  the  skin,  in  a  finely  divided  spray,  are  also  capable  of 
ibsorption,  which  very  probably  takes  place  through  the  interstices  of  the  epidermis. 

[Inunction. — When  ointments  are  rubbed  into  the  skin  so  as  to  press  the  substance  into  the 
x>res,  absorption  occurs,  e,g.^  potassium  iodide  in  an  ointment  so  rubbed  in  is  absorbed,  so  is 
nercurial  ointment  V.  Voit  found  globules  of  mercury  between  the  layers  of  the  epidermis, 
ind  even  in  the  corium  of  a  person  who  was  executed,  into  whose  skin  mercurial  ointment  had 
>een  previously  rubbed.  The  mercury  globules,  in  cases  of  mercurial  inunction,  pass  into  the 
lair-ibllicles  and  ducts  of  the  glands,  where  they  are  affected  by  the  secretion  of  the  glands  and 
ransf  ormed  into  a  compound  capable  of  absorption.  An  abraded  or  inflamed  surface  {e.g.t  after 
I  blister}  where  the  epidermis  is  removed,  absorbs  very  rapidly,  just  like  the  surface  of  a  wound 
Enderxnic  method).] 

[Drugs  may  be  applied  locally  where  the  epidermis  is  intact — epidermic  method — as  when 
Irugs  which  affect  the  sensory  nerves  of  a  part  are  painted  over  a  painful  area  to  diminish  the 
>ain.  Another  method,  the  hypodermic,  now  largely  used,  is  that  of  injecting,  by  means  of  a 
lypodermic  syringe  a  non-corrosive,  non-irritant  drug,  in  solution,  into  the  subcutaneous 
issue,  where  it  practically  passes  into  the  lymph -spaces  and  comes  into  direct  relation  with  the 
ymph-  and  blood- stream ;  absorption  takes  place  with  g^reat  rapidity,  even  more  so  than  from 
he  stomach.] 

Absorption  of  Gases. — Under  normal  conditions  minute  traces  of  O  are  absorbed  from  the 
lir ;  hydrocyanic  acid,  sulphuretted  hydrogen — CO,  CO,,  the  vapor  of  chloroform  and  ether  may 
>e  absorbed  ( Chaussirr^  Gerlachy  Rdhrig),  In  a  bath  containing  sulphuretted  hydrogen,  this  gas 
s  absorbed,  while  CO,  is  given  off  into  the  water  (Rdhrig). 

Absotption  of  watery  solutions  takes  place  rapidly  through  the  skin  of  the  frog  ( Gut/- 
nartftj  IV.  Stirling^  v.  IVittich).  Even  after  the  circulation  is  excluded  and  the  central  nervous 
system  destroyed,  much  water  is  absorbed  through  the  skin  of  the  frog,  but  not  to  such  an  extent 
IS,  when  the  circulation  is  intact  (Spina). 

Galvanic  Conduction  through  the  Skin. — If  the  two  electrodes  of  a  constant  current  be 
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impregnated  with  a  watery  solution  of  certain  substances  and  applied  to  the  skin,  mnd  if  the 
direction  of  the  current  be  changed  from  time  to  time,  strychnin  may  be  caused  to  psss  throogh 
the  skin  of  a  rabbit  in  a  few  minutes,  and  that  in  sufficient  amount  to  kill  the  animal  (H.  Munk\ 
In  man,  quinine  and  potassium  iodide  have  been  introduced  into  the  body  in  this  way,  and  tbdr 
presence  detected  in  the  urine.  This  process  is  called  the  cataphoric  action  of  the  comuci 
current  (J  328). 

ago.  COMPARATIVE— HISTORICAL.— In  all  vertebrates  the  skin  consists  of  ooriom 
and  epidermis.  In  some  reptiles  the  epidermis  becomes  horny,  and  forms  large  plates  or  scaks. 
Similar  structures  occur  in  the  edentata  among  mammals.  The  epidermal  appenda^^s  assnine 
various  forms — such  as  hair,  nail,  spines,  bristles,  feathers,  claws,  hoof,  horns,  spurs,, etc  The 
scales  of  some  6shes  are  partly  osseous  structures.  Many  glands  occur  in  the  skin ;  in  s^ae 
amphibia  they  secrete  mucus,  in  others  the  secretion  is  poisonous.  Snakes  and  tortoises  are 
devoid  of  cutaneous  glands ;  in  lizards  the  "  leg-glands  "  extend  from  the  anus  to  the  beod  of 
the  knee.  In  the  crocodile,  the  glands  open  under  the  margins  of  the  cutaneo-osseous  scaler 
In  birds  the  cutaneous  glands  are  absent ;  the  "  coccygeal  glands  "  form  an  oily  secretioD  fior 
lubricating  the  feathers.  [This  is  denied  by  O.  Lielireich,  as  he  finds  no  cholesterin-fats  in  thes^ 
secretion.]  The  civet  glands ^  at  the  anus  of  the  civet  cat,  the  preputial  glands  of  the  musk 
deer,  the  glands  of  the  hare,  and  the  pedal  glands  of  nuninants,  are  really  greatly  developed 
sebaceous  glands.  In  some  invertebrata,  the  skin,  consisting  of  epidermis  and  corioiD,  b 
intimately  united  with  the  subjacent  muscles,  forming  a  musculo- cutaneous  tube  for  the  body 
of  the  animal.  The  cephalopoda  have  chromatophores  in  their  skin,  i.  e.^  round  or  irregolir 
spaces  filled  with  colored  granules.  Muscular  fibres  are  arranged  radially  around  these  spaces. 
so  that  when  these  muscles  contract  the  colored  surface  is  increased.  The  change  of  cdor  is 
these  animals  is  due  to  the  play  or  contraction  of  these  muscles  i^Brucke).  Special  glands  are 
concerned  in  the  production  of  the  shell  of  the  snail.  The  annulosa  are  covered  with  a  chins- 
ous  investment,  which  is  continued  for  a  certain  distance  along  the  digestive  tract  and  tbe 
tracheae.  It  is  thrown  off  when  the  animal  sheds  its  covering.  It  not  only  protects  the  aziiimu 
but  it  forms  a  structure  for  the  attachment  of  muscles.  In  echinodermata,  the  cutaneous  coher- 
ing contains  calcareous  masses;  in  the  holothurians,  the  calcareous  structures  assume  the  icnnoif 
calcareous  spicules. 

Historical. — Hippocrates  (bom  460  b.  c.)  and  Theophrastus  (born  371  b.  c.)  distingaished 
the  |>erspiration  from  the  sweat ;  and,  according  to  the  latter,  the  secretion  of  sweat  stanids  in  i 
certain  antagonistic  relation  to  the  urinary  secretion  and  to  the  water  in  the  fscces.  Accordiog 
to  Cassius  Felix  (97  A.  d.),  a  person  placed  in  a  bath  absorbs  water  through  the  skin;  Sanctorias 
(1614)  measured  the  amount  of  sweat  given  off;  Alberti  (1581)  was  acquainted  with  the  has- 
bulb;  Donatus  (1588)  described  hair  becoming  gray  suddenly;  Riolan  (1626)  showed  thi^tbe 
color  of  the  skin  of  the  negro  was  due  to  the  epidermis. 
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291.  [CILIARY  MOTION— PIGMENT  CELLS.— (a)  Muscular 
Movement. — By  far  llic  greatest  number  of  movements  occurring  in  our 
bodies  is  accomplished  through  the  agency  of  muscular  fibre,  which,  when 
it  is  excited  by  a  stimulus,  contracts,  /.  e.,  it  forcibly  shortens,  and  thus  brings 
its  two  ends  nearer  together,  while  it  bulges  to  a  corresponding  extent  laterally. 
In  muscle  the  contraction  takes  place  in  a  definite  direction.] 

[(1*)  Amoeboid  Movement. — Motion  is  also  exhibited  by  colorless  blood- 
corpuscles,  lymph-corpuscles,  leucocytes,  and  some  other  corpuscles.  In 
these  structures  we  have  examples  of  amceboid  movement  (g  9),  which  is  move- 
ment in  an  indefinite  direction.] 

[(f)  Ciliary  Movement. — There  is  also  a  peculiar  form  of  movement, 
known  as  ciliary  movement.  There  is  a  gradual  transition  between  these  differ- 
ent forms  of  movement.  The  cilia  which  are  attached  to  the  ciliated  epithe- 
bura  are  the  motor  agents  ffig.  364).] 

[Ciliated  epitbelium— where  found.— In  the  nassl  macous  membraae,  except  the  cJfactory 
region  ;  the  csvilies  accessory  to  Ibe  nose  ;  the.  upper  half  al  ihe  pharynx,  Euslachiui  Lube, 
la^Qx,  trachea,  and  bronchi:  in  the  uterus,  except  the  lower  half  of  Ibe  cervix  1  Fallopian  tubes; 
vasa  eflerenlia  lo  the  lower  end  of  epididymis ;  ventrictes  of  brain  (child) ;  and  (he  central  canal 
of  ihe  s[HDal  cord.] 

[The  cilia  are  flattened  blade-like  or  hair-like  appendages  attached  to  the 
free  end  of  the  cells.     They  are  about  yj^  inch  in  length,  and  are  apparently 
homogeneous  and  structureless.    They 
are  planted  upon  a  clear  non-contrac-   ciiiaied 
tile  disc  on  the  free  end  of  the  cell,  'p'""!'""- 
and   some  observers   state   that  they 
pass  through  the  disc  to  become  con- 
tinuous with    the    protoplasm   of  the 
cell,  or  with  the  plexus  of  fibrils  which 
pervades  the  protoplasm,  so  that  by 
some  observers  they  are  regarded  as    iwbovt's 
prolongations   of    the    intra-epithelial   """'"*'"- 
plexus  of  fibrils.     They  are  specially  ^'K-  304- 

modified  parts  of  an  epithelial  cell.  ^''"^''^'^  epithehum. 

and  are  contractile  and  elastic.  They  are  colorless,  tolerably  strong,  not  tinged 
by  staining  reagents,  and  are  possessed  of  considerable  rigidity  and  flexibility. 
They  are  always  connected  with  the  protoplasm  of  cells,  and  are  never  out- 
growths of  the  solid  cell  membranes.  There  may  be  iQ  to  20  cilia  distributed 
uniformly  on  the  free  surface  of  a  cell  (fig.  364).] 

[In  (he  targe  ciliated  cells  in  tbe  intestine  of  some  molluBCS  (mussel),  the  cilia  perforate  ihe 
clear  refractile  disc,  which  appears  lo  consist  of  small  globules— basal  pieces — utiiled  by  their 
edge,  so  Ibat  a  cilium  seems  to  spring  from  each  of  these,  while  continued  downwards  iiilo  the 
piotoplaim  of  the  cell,  bul  not  altached  (o  the  nucleus,  there  is  a  single  varicose  fibril — roolle(, 
and  (be  leash  of  these  fibrils  passes  through  tbe  sabstaoce  of  (he  cell  and  may  unite  towards  its 
lower  tailed  extremity  [EHgeliaanti).'] 
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Ciliary  motion  may  be  studied  in  the  gill  of  a  mussel,  a  small  part  of  the 
gill  being  teased  in  sea  water;  or  the  hard  palate  and  oesophagus  of  a  frog, 
newly  killed,  may  be  scraped  and  the  scraping  examined  in  ^  p.c.  salt  solotioD. 
The  whole  of  the  mucous  membrane  of  the  frog's  palate  and  oesophagus  maj 
be  examined.  In  this  case  the  particles  moved  by  the  cilia  are  carried  towank 
the  stomach.  On  analyzing  the  movement,  all  the  cilia  will  be  observed  to 
execute  a  regular,  periodic,  to  and  fro  rhythmical  movement  in  a  plane  usuaDy 
vertical  to  the  surface  of  the  cells,  the  direction  of  the  movement  being  parallel 
to  the  long  axis  of  the  organ.  The  appearance  presented  by  the  movements 
of  the  cilia  is  sometimes  described  as  a  lashing  movement,  or  like  a  field  of  com 
moved  by  the  wind.  Each  vibration  of  a  cilium  consists  of  a  rapid  forward 
movement  or  flexion,  the  tip  moving  more  than  the  base,  and  a  slower  back- 
ward movement,  the  cilium  again  straightening  itself.  The  forward  movement 
is  at  least  twice  as  rapid  as  the  backward  movement.  The  amplitude  of  the 
movement  varies  according  to  the  kind  of  cell  and  other  conditions,  being  1^ 
when  the  cells  are  about  to  die,  but  it  is  the  same  for  all  the  oilia  attached  to 
one  cell,  and  is  seldom  more  than  20^  to  50*^.  There  is  a  certain  periodicity 
in  their  movement — in  the  frog  they  contract  about  1 2  times  per  second.  Tk 
result  of  the  rapid  forward  movement  is  that  the  surrounding  fluid,  and  an? 
particles  it  may  contain,  are  moved  in  the  direction  in  which  the  cilia  beni 
All  the  cilia  of  adjoining  cells  do  not  move  at  once,  but  in  regular  succession, 
the  movement  travelling  from  one  cell  to  the  other,  but  how  this  co-ordina- 
tion  is  brought  about  we  do  not  know.  At  least  it  is  quite  independent  of  tk 
nervous  system,  as  ciliary  movement  goes  on  in  isolated  cells,  and  in  man 
it  has  been  observed  in  the  trachea  two  days  after  death.  [Kraft  has  shown,  iti 
the  case  of  the  frog,  that  when  the  ciliated  cells  of  the  palate  are  stimulated 
mechanically  the  condition  of  excitation  is  more  readily  pro{>agated  in  a 
longitudinal  direction  towards  the  stomach  than  laterally  or  towards  the  mcmth. 
so  that  its  excitability  to  mechanical  stimuli  is  most  marked  in  the  direction  of 
its  physiological  activity.  The  co-ordination  seems  to  depend  on  the  trans- 
ference of  the  condition  of  excitement  of  the  cells,  in  this  case  from  higl^r  to 
lower  placed  cells.] 

[Conditions  for  Ciliary  Movement. — In  order  that  the  ciliary  ^lov^ 
ment  may  go  on,  it  is  essential  that  (i)  the  cilia  be  connected  with  part  of  a 
cell ;  (2)  moisture  ;  (3)  oxygen  be  present ;  and  (4)  the  temperature  be  within 
certain  limits.] 

[A  ciliated  epithelial  cell  is  a  good  example  of  the  physiological  division  of  labor.  Il  b 
denved  from  a  cell  which  originally  held  motor,  automatic,  and  nutritive  functions  all  combat 
in  one  mass  of  protoplasm ;  but  in  the  fully  developed  cell,  the  nutritive  and  r^ulalive  fuoctiae 
are  confined  to  the  protoplasm,  while  the  cilia  alone  are  contractile.  If  the  dlia  be  sepanted 
from  the  cell,  they  no  longer  move,  if,  however,  a  cell  be  divided  so  that  pcut  of  it  reaiai^i 
attached  to  the  cilia,  the  latter  still  move.  The  nucleus  is  not  essential  for  this  act.  It  woiiM 
seem,  therefore,  that  though  the  cilia  are  contractile,  the  motor  impulse  probably  {MDCeeds  froc 
the  cell.  Each  cell  can  regulate  its  own  nutrition,  for  during  life  they  resist  the  entrance  c< 
certain  colored  fluids.] 

[Effect  of  Reagents  on  Ciliary  Motion. — Gentle  heat  accelerates  the 
number  and  intensity  of  the  movements,  cold  retards  them.  A  tem[>eiatiire  01 
45*^  C.  causes  coagulation  of  their  proteids,  makes  them  permanently  rigid,  aixi 
kills  them,  just  in  the  same  way  as  it  acts  on  muscle,  causing  heat-stiffenicg 
(§  295,  i).  Weak  alkalies  may  cause  them  to  contract  after  their  movemec' 
is  arrested  or  nearly  so  ^  Virchow)^  and  any  current  of  fluid  in  fact  may  do  so 
Cilia  after  being  in  action  for  a  time  show  signs  of  fatigue  like  muscle.  I* 
may  be,  as  in  muscle,  acid  proteids  are  formed,  and  that  the  weak  alfcaii 
neutralizes  the  acid  fatigue-products.  Lister  showed  that  the  vaix>r  of  ether 
and  chloroform  arrests  the  movements  as  long  as  the  narcosis  lasts,  but  if  tbe 
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vipor  be  not  applied  for  too  long  a  time,  the  cilia  may  begin  to  tdovc  again. 
The  prolonged  action  of  the  vapor  kills  them.  As  yet  we  do  not  know  any 
specific  poison  for  cilia — atropin,  veratrin,  and  curare  acting  like  other  sub- 
stances with  the  same  endosmotic  equivalent  i^Sfigflmanii).  Electrical  siimuta- 
lion  seems  to  act  simultaneously  at  both  poles  (JCraft).^ 

[Functions  of  Cilia. — The  moving  cilia  propel  fluids  or  particles  along 
ihe  passages  which  they  line.  By  carrying  secretions  along  the  tubes  which 
ihey  line  towards  where  these  tubes  open  on  the  surface,  they  aid  in  excretion. 
In  the  respiratory  passages,  they  carry  outwards,  along  the  bronchi  and  trachea, 
the  mucus  formed  by  the  mucous  glands  in  these  regions.  When  the  mucus 
reaches  the  larynx  it  is  either  swallowed  or  coughed  up.  That  the  cilia  carry 
particles  upwards  in  a  spiral  direction  in  the  trachea  has  been  proved  by  actual 
Uryngoscopic  investigation,  and  also  by  excising  a  trachea  and  sprinkling  a 
colored  powder  on  its  raucous  membrane,  when  Ihe  colored  particles  (Berlin 
hlue  or  charcoal)  are  slowly  carried  towards  the  upper  end  of  the  trachea.  In 
bronchitis  ihe  ciliated  epithelium  is  shed,  and  hence  the  mucus  tends  to  accu- 
mulate in  the  bronchi.  They  remove  mucus  from  cavities  accessory  to  the  nose, 
and  from  the  tympanum,  while  the  ova  are  carried  partly  by  their  agency  from 
the  ovary  along  the  Fallopian  tube  to  the  uterus.  In  some  of  the  lower  animals, 
they  act  as  organs  of  locomotion,  and  in  others  as  adjuvants  to  respiration,  by 
creating  currents  of  water  in  the  region  of  the  organs  of  respiration. 

{The  Force  of  Ciliary  Hovement.— Wyman  tnd  Bovrditch  loand  that  the  amouot  of  work 
thai  can  be  done  by  cilia  'a  very  considcnble.  The  work  wu  eiliniRted  by  the  weight  which  a 
menared  snHace  of  the  tducimu  memtvrane  of  the  frog's  bard  palate  was  able  to  cany  up  an 
inclined  plane  of  a  ddinite  dope  in  a  given  time.] 

[Pigment- cells  belong  to  Ihe  group  of  contractile  tissues,  and  are  well 
developed  in  the  frog,  and 

many  other   animals   where  ^^ 

their  characters   have  been  ^S|     '^ 

:arefully  studied.     They  are  ^^     '^^ 

^nerally  regarded  as  com-  ^      t5 

parable  to  branched  connec-  f/^ 

ive-tissue  corpuscles,  loaded  ,      * 

vith  pigmented  granules  of  U 

nelanin.  The  pigment- 
p-anulCs  may  be  diffused  in 
he  cell,  or  aggregated  around 
he  nucleus;  in  the  former 
ase,  the  skin  of  the  frog 
ppears   dark   in   color ;  in  'l 

he  latter,  it  is  but  slightly 
Pigmented  (fig.  365!.]    .  '^«- 3^5- 

Conditions  affecting  Hgment-cclls  from  the  web  of  Tn^x  (aot;  a,  ctil  with  pig- 
roe'S  pigment-cells. —  ment-grBnules  diffused;  6,  granales  more  concentrated; 
'hey  undergo  marked  <■■  ™o'=  concentrated  still;  d,  cells  with  guanin- granules 
hanges  of  shape  under  vari-      (SH'H'h:)- 

us  influences.  If  the  motor-nerve  to  one  leg  of  a  frog  be  divided,  the  skin 
f  the  leg  on  that  side  becomes  gradually  darker  in  color  than  the  intact  leg. 
.  similar  result  is  seen  in  the  curare  experiment,  when  all  parts  are  ligatured 
Kccpt  the  nerve.  Local  applications  affect  the  state  of  diffusion  of  the  pig- 
lent,  as  v.  Wittich  found  that  turpentine  or  electricity  caused  the  cells  of  the 
■ee-frog  to  contract,  and  the  same  effect  is  produced  by  light.  In  Rana  tera- 
oraria  local  irritation  has  little  effect,  but  light,  on  the  contrary,  has,  although 
le  effect  of  light  seems  to  be  brought  about  through  the  eye,  probably  by  a 
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reflex  mechanism  {Lister),  A  pale-colored  frog,  put  in  a  dark  place,  assumes, 
after  a  time,  a  different  color,  as  the  pigment  is  diffused  in  the  dark ;  but  if  it 
be  exposed  to  a  bright  light  it  soon  becomes  pale  again.  The  same  phenomenoD 
may  be  seen  on  studying  the  web  of  a  frog's  leg  under  the  microscope.  The 
marked  variations  of  color — within  a  certain  range — in  the  chameleon  is  doc 
to  the  condition  of  the  pigment-cells  in  its  skin,  covered  as  they  are  by  epi- 
dermis, containing  a  thin  stratum  of  air  (^Brucke).  When  it  is  ix>isoned  with 
strychnin,  its  whole  body  turns  pale  ;  if  it  be  ill,  its  body  becomes  spotted  in 2 
dendritic  fashion,  and  if  its  cutaneous  nerves  be  divided,  the  area  sui>plied  by 
the  nerve  changes  to  black.  The  condition  of  its  skin,  therefore,  is  readily 
affected  by  the  condition  of  its  nervous  system,  for  psychical  excitement  also 
alters  its  color.  If  the  sympathetic  nerve  in  the  neck  of  a  turbot  be  divided, 
the  skin  on  the  dorsal  part  of  the  head  becomes  black.  It  is  well  known  that 
the  color  of  fishes  is  adapted  to  the  color  of  their  environment.  If  the 
nerve  proceeding  from  the  stellate  ganglion  in  the  mantle  of  a  cuttle-fish  be 
divided,  the  skin  on  one  half  of  the  body  becomes  pale.  The  intra-epitheliaJ 
pigment-cells  of  the  membrane  lining  the  abdomen  and  those  of  the  tail  in  the 
salamander  undergo  division  by  mitosis.  At  first  the  processes  of  the  brancbtd 
cell  are  retracted,  the  nucleus  divides  by  mitosis,  but  at  first  the  pigment  is  in 
the  protoplasm  outside  the  chromatin  figure,  but  later  it  lies  between  the  chro- 
matin loops,  while  in  the  dyaster  stage  it  is  all  accumulated  at  the  equator,  bur 
none  occurs  within  the  chromatin  figures  (  Waldeyery^  ZimmermannsSX 

[Guanin  in  Cells. — Besides  the  pigmeDt-cells  in  the  web  of  a  frog's  foot  (especially  in  Risa 
temporaria)  there  are  other  cells  which  contain  granules  of  guanin  (fig.  365,  d).  If  the  webo{ 
a  frog's  foot  be  mounted  in  Canada  balsam  and  examined  microscopically  between  cro»«i 
Nicol's  prisms,  each  guanin-cell  is  seen  to  contain  numerous  very  strongly  doubly  refractive 
grranules  of  guanin  ({  283).] 

292.  STRUCTURE  AND  ARRANGEMENT  OF  MUSCLES.- 
[Muscular  Tissue  is  endowed  with  contractility,  so  that  when  it  is  acted 
upon  by  certain  forms  of  energy  or  stimuli,  it  contracts.  There  are  two 
varieties  of  this  tissue — 

(i)  Striped,  striated  (or  voluntary)  ; 

(2)  Non-striped,  smooth,  organic  (or  involuntary). 

Some  muscles  are  completely  under  the  control  of  the  will,  and  are  hena 
called  **  voluntary,"  and  others  are  not  directly  subject  to  the  control  of  tbe 
will,  and  are  hence  called  **  involuntary ;"  the  former  are  for  the  most  pan 
striped,  and  the  latter  non-striped  ;  but  the  heart-muscle,  although  striped,  is  at 
involuntary  muscle.] 

I.  Striped  Muscles. — The  surface  of  a  muscle  is  covered  with  a  connec- 
tive-tissue envelope  or  perimysium  externum,  from  which  septa,  canymg 
bloodvessels  and  nerves,  the  perimysium  internum,  pass  into  the  substance 
of  the  muscle,  so  as  to  divide  it  into  bundles  of  fibres  or  fasciculi,  which  are 
fine  in  the  eye-muscles  and  coarse  in  the  glutei.  In  each  such  compartment  c-r 
mesh  there  lie  a  number  of  muscular  fibres  arranged  more  or  less  parallel  ic 
each  other.  [The  fibres  are  held  together  by  delicate  connective-tissue  or 
endomysium,  which  surrounds  groups  of  the  fibres;  each  fibre  being,  as  it 
were,  separated  from  its  neighbor  by  delicate  fibrillar  connective-tissue.]  Eacb 
muscular  fibre  is  surrounded  with  a  rich  plexus  of  capillaries  [which  form  13 
elongated  meshworV,  lying  between  adjacent  fibres,  but  never  penetrating  the 
fibres,  which,  however,  they  cross  (fig.  371).  In  a  contracted  muscle,  ibc 
capillaries  may  be  slightly  sinuous  in  their  course,  but  when  a  muscle  is  on  tbe 
stretch  these  curves  disappear.  The  capillaries  lie  in  the  endomysimn,  ani 
near  them  are  lymphatics,']  Each  muscular  fibre  receives  a  nerve-fib«. 
[Where  found. — Striped  muscular  fibres  occur  in  the  skeletal  muscles,  heart. 


Sec.  39a.]  STRUCTURE  OF  STRIPED  MUSCLE.  577 

diaphragm,  pharynx,  upper  part  of  oesophagus,  muscles  of  the  middle  eai  and 
])Lnna,  the  true  sphincter  of  the  urethra,  and  external  anal  sphincter.] 

A  muscular  fibre  (fig.  366,  i)  is  a  more  or  less  cylindrical  or  polygonal 
iibre,  11  to  67  /(  [TgVi  ^°  xht!  '''0  ^^  diameter,  and  never  longer  than  3  to  4 
centimetres  [i  to  1^  in.].  Within  short  muscles,  e.  g.,  stapedius,  tensor  tym- 
fani,  or  the  short  muscles  of  a  frog,  the  fibres  are  as  long  as  the  muscle  itself; 
within  longer  muscles,  however,  the  individual  fibres  are  pointed,  and  are 
united  obliquely  by  cement-substance  with  a  similar  bevelled  or  pointed  end  of 
another  Iibre  lying  in  the  same  direction.     Muscular  fibres  may  be  isolated  by 

ition  in  nitric  acid  with  excess  of  potassic  chlorate  or  by  a  35  per  cent. 

n  of  caustic  potash. 

; 


i 
i 


Fig.  365. 
[islologj  of  miucnlar  (issue.  1.  Diagram  of  part  of  ■  Mriped  muscolar  fibre  ;  S,  sarcolemma ; 
Q,  traniverae  Mripe*;  F,  fibrillgc  ;  K,  Ihe  rouscle- nuclei ;  N,  a  nerve-libie  enlering  il  with 
a,  its  axis  cylinder  and  Kiihne's  molorial  end-plue,  r,  seen  in  profile;  2,  transverse  section 
of  part  of  a  muscular  fibre,  showii^  Cohnfaeim's  areas,f;  3,  isolated  muscular  fibrillx;  4, 
pan  of  an  insect's  muscle  greatly  magnified;  a,  Krause-Amici'i  line  limiting  th«  muscular 
OSes;  J,  the  doably .refractive  substance;  c,  Henscn's  disc;  d,  the  singly- refractive  sub- 
stance ;  5,  fibres  cleaving  transversely  into  discs ;  6,  muscuUr  fibre  from  the  heart  of  a  trag ; 
7,  devek^ment  of  a  Mripcd  muscU  from  a  human  foetus  al  the  third  moDlb;  S,  9,  muscular 
fibres  of  the  heart;  f,  capillaries;  j,  coDoective-tissue  corpuscles;  to,  smooth  muscular 
fibres;  II,  transverse  section  of  smooth  muscular  fibres. 

[Each  muscular  fibre  consists  of  the  following  parts : — 

I.  Sarcoletnma  or  myolemma,  an  dastic  sheath,  enclosing  the  sarcous 

substance ; 
'2.  The  included  sarcous  substance ; 
3.  The  nuclei  or  muscle-corpuscles.] 
37 
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Sarcolemma, — Each  muscular  fibre  is  completely  enclosed  by  a  thin,  color- 
less, structureless,  transparent  elastic  sheath  (fig.  366,  i,  S) — the  sarcolemma 
— which,  chemically,  is  mid-way  between  connective  and  elastic  tissue,  and 
within  it  is  the  contractile  substance  of  the  muscle.  [When  a  muscular  fibre  is 
being  digested  by  trypsin,  Chittenden  observed,  at  the  beginning,  the  sarco 
lemma  raised  from  its  sarcous  contents  as  a  folded  tube,  but  it  is  ultimately 
digested  by  trypsin.  It  is  thus  distinguished  from  the  collagen  substance  of 
connective- tissue,  which  is  not  digested  by  trypsin.  It  is  not  dissolved  by 
boiling,  and  it  resists  the  action  of  acids  and  dilute  alkalies,  while  it  is  dissolved 
by  concentrated  alkalies.  Thus,  it  differs  from  elastic  fibres,  and  on  the  whole, 
chemically,  it  seems  to  be  most  closely  related  to  the  membrana  propria  of 
glands.  It  has  much  more  cohesion  than  the  sarcous  substance  which  it 
encloses,  so  that  sometimes,  when  teasing  fresh  muscular  tissue  under  tbe 
microscope,  one  may  observe  the  sarcous  substance  torn  across,  with  the 
unruptured  sarcolemma  stretching  between  the  ends  of  the  ruptured  sarcous 
substance.  If  muscular  fibres  be  teased  in  distilled  water,  sometimes  fine  clear 
blebs  are  seen  along  the  course  of  the  fibre,  due  to  the  sarcolemma  being  raised 
by  the  fluid  diffusing  under  it.  The  sarcous  substance,  but  not  the  sarcolemma, 
may  be  torn  across  by  plunging  a  muscle  in  water  at  55^  C,  and  keeping  it 
there  for  some  time  {Janvier).'] 

[In  the  frog  there  is  an  exceedingly  thin  membrane  covering  the  retro-lingual  lymph-sac. 
Ranvier  calls  this  the  retro-lingual  membrane,  and  it  contains  isolated  branched  striped 
muscular  fibres.  He  finds  that  the  sarcolemma  has  elastic  fibres  directly  continuoos  not  (siif 
with  its  terminations,  but  also  with  its  margins.  Thus  the  one  is  attached  to  the  other,  the  dastic 
fibre  being  cemented  as  it  were  to  the  sarcolemma.  The  elastic  fibres  are  deeply  stained  In 
methyl-violet,  the  sarcolemma  but  slightly.  He  also  finds  that  the  sarcous  matter  ends  in  a  brotd. 
dim  anisotropous  disc.] 

Sarcous  Substance. — The  sarcous  substance  is  marked  transversely  by 

alternate  light  and  dim  layers,  bands,  stripes  or  discs  (fig.  366,  i,  Q),  so  that 

each  fibre  is  said  to  be  **  transversely  striped."     [The  stripes  do  not  occur 

in  the  sarcolemma,  but  are  confined  to  the  sarcous  substance,  and  they  invoh'e 

its  whole  thickness.] 

[The  animals  most  suited  for  studying  the  structure  of  the  sarcous  substance  are  some  of  ibe 
insects.  The  muscles  of  the  water-beetle,  Dytiscus  marginalis,  and  the  Hydrophilus  {Mceos  are 
well  suited  for  this  purpose.  So  is  the  crab's  muscle.  In  examining  a  living  muscle  mkro- 
scopically,  no  fluid  except  the  muscle-juice  should  be  added  to  the  preparation,  and  Tcry  h:f^ 
powers  of  the  microscope  are  required  to  make  out  the  finer  details.] 

Bowman's  Discs. — If  a  muscular  fibre  be  subjected  to  the  action  of 
hydrochloric  acid  (i  per  1000),  or  if  it  be  digested  by  gastric  juice,  or  if  it  be 
frozen,  it  tends  to  cleave  transversely  into  discs  {Bowman) ^  which  are  artificial 
products,  and  resemble  a  pile  of  coins  which  has  been  knocked   over  (fig. 

Z^^^  5)- 

Fibrillar. — Under  certain  circumstances  a  fibre  may  exhibit  longitudindi 

striation.  This  is  due  to  the  fact  that  it  may  be  split  up  longitudinally  into 
an  immense  numbjr  of  (i  to  1.7  m  in  diameter)  fine,  contractile  threads,  tbe 
primitive  fibrillae  (fig.  366,  i,  F),  placed  side  by  side,  each  of  which  is  also 
transversely  striped,  and  they  are  so  united  to  each  other  by  semi-fluid  cement- 
substance  that  the  transverse  markings  of  all  the  fibrillae  lie  at  the  same  Icvc!. 
Several  of  these  fibrils  are  united  together  owing  to  the  mutual  pressure,  and 
prismatic  in  form,  so  that  when  a  transverse  section  of  a  perfectly  fiei 
muscular  fibre  is  observed  after  it  is  frozen,  the  end  of  each  fibre  is  mapped 
out  into  a  number  of  small  polygonal  areas  called  Cohnheim's  areas 
(fig.  366,  2).  [Each  bundle  of  fibrils  or  polygonal  area  represents  whai 
Kolliker  called  a  **  Muscle-Column."] 

Fibrillae  are  easily  obtained  from  insects'  muscles,  while  those  from  a  mam- 
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mal's  mnscle  are  readily  isolated  by  the  action  of  dilute  alcoliol,  Muller's  fluid 
[or,  best  of  all,  J^  per  cent,  solution  of  cliromic  acid]  (fig.  366,  3). 

[In  studying  the  structure  of  muscle,  it  is  well  to  remember  that  there  are  con- 
siderable diflferenccs  between  the  muscles  of  Vertebrates  and  those  of  Artliropioda.] 
[When  a  living  unaltered  vertebrate  muscular  fibre  is  examined  micro- 
scopically, in  its  own  juice,  we  observe  the  alternate  dim  and  light  transverse 
discs.  Amici,  Krause,  and  Dobie  showed  that  a  fine  dark  line  runs  across  the  light 
disc,  and  divides  it  into  two  (fig.  367).  This  line  has  been  called  Dobie's 
line  or  intermediate  line.  Amici  resolved  it  into  a  row  of  granules,  and  by 
others  {e-g-,  Krause)  it  is  regarded  as  due  to  the  existence  of  a  membrane,— 
hence  it  is  called  Krause's  membrane, — which  runs  transversely  across  the 
libre,  being  attached  all  round  to  the  sarcolemma,  thus  dividing  each  fibre  into 
a  series  of  compartments  placed  end  to  end.  .  Hensen  described  a  disc  or  stripe 
in  the  centre  of  the  dim  disc] 

[On  Krause's  theory  each  muscular  compartment  contains  (i)  ^  broad 
dim  disc,  which  is  the  contractile  part  of  the  sarcous  substance.  It  is  doubly 
refractive  (anisotropous),and  is  composed  of  Bow- 
man's sarcous  elements.  (2)  On  each  end  of  this  disc, 
and  between  it  and  Krause's  membranes,  is  a  nar- 
rower, clear,  homogeneous,  and  but  singly  refractile 
(tsotropous),  soft  or  fluid  substance,  which  forms 
the  lateral  disc  of  Engelmann.  In  some  insects  it 
contains  a  row  of  refractive  granules,  constituting  the 
granular  layer  of  Flogel.  If  a  muscular  fibre  be 
stretched  and  stained  with  logwood,  the  central  part 
of  the  dim  disc  appears  lighter  in  color  than  the  two 
ends  of  the  same  disc.  This  has  been  described  as 
a  separate  disc,  and  is  called  the  median  disc  of 
Hensen  (fig.  366,  4,  0] 

[In  an  nnaltereil  libre,  the  dim  broad  stripe  miy  appear  homo-  jq^  ,g_ 

geneous,  bat  after  a  time  il  cieavea  tbroughoal  its  enlire  exlent  in     .,         ,        -*'  ■*    -'  ,,. 

5.*  long  axis  of  the  fibre  iolo  a  number  of  prismatic  elements  of  Muscular  fibre  of  a  rabb.t. 
fibrils,  the  sarcous  elements  of  Bowman  (fig.  366).  These  at  ?■  "^'"j.  *■  '«"'  ^V\  f' 
firat  .re  prismatic,  but  as  Ihey  solidify  Ihey  shrink  and  seem  lo  jnlermediale  or  Dobie's 
squeeze  out  of  them  a  fluid, l>ecoming  It  thesame  lime  morecon-  '""■  "'  '""^'^'''  s**"  i" 
slricted  in  ihe  cenlre.  This  separation  into  bundles  of  fibrils  with  ?"''''=- 
an  interstitial  mailer  gives  rise   lo  the  appearance  seen  on  Irans- 

verse  section  of  a  TrDien  muscle,  and  known  as  Cohnheim's  areas  {(ig.  366,  2,  c).  In  all  proba- 
bility the  cleavage  alss  extends  through  Che  lateral  discs,  and  thus  fibrils  are  fonued  by  longitu. 
dinal  cleavage  of  the  fibre.] 

[Muscles  of  Arthropods. — Engelmann  showed  thai  the  muscles  of  these  animals  have  a 
large  numtier  of  discs.  In  a  muscle  of  an  auimal  killed  by  being  plunged  into  alcohol,  accord- 
ing to  the  position  of  the  lens  of  the  microscope,  one  sees — 

I,  The  broad  dim  disc,  composed  of  two  darker  ialeral  portions  or  discs,  and  a  lighler  disc — 
that  of  Hensen,  between  ihem.  Id  fig.  36S  the  whole  disc  is  marked  Q,  and  Hensen's-disc  is 
di^ngui&hed  as  A. 

3.  On  both  sides  of  this  is  a  small,  clear,  slightly  refractive  stripe,  J,  corresponding  to  one  of 
Eogelmann's  isotropous  alripes. 

3.  On  both  sides  there  follows  symmetrically  a  dark,  strongly  refractive  stripe,  N,  correspond- 
ing to  Et^elmann's  accessory  stripe  and  FlQgel's  granular  layer. 

4.  Then  on  both  sides  there  is  a  clear,  feebly  refractive  disc,  E. 

5.  Bejnutd  E  is  a  small,  dark,  highly  refractive  stripe,  Z — usually  the  darkest — coirespooding 
10  the  Amici-Krause  line.] 

[From  Z  the  stripes  arc  repeated  in  the  inverse  order  to  Q,  (hen  in  the  same  order  lo  Z,  and  so 
on.  Tfais  is  the  appearance  with  a  low  position  of  ihe  lens.  Many  muscles  do  not  show  all 
tbese  stripes,  thus  A  is  often  absent.] 

fir  tbe  lens  of  the  microscope  be  raised,  to  get  a  more  snperficial  view  of  the  fibre,  the  dislriba- 
lioD  of  tlie  light  is  reversed  (lig.  36E,  II),  as  all  stiongly  refractive  sections  become  light  and  all 
feebly  refractive  appear  darker,  while  with  a  deep  position  of  the  lens,  Ihe  reverse  is  Ihe  case.] 


[In  ti 
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[ExperiiDent  ihowt  ihu  ihe  dim  disc  rafudly  swelU  up  in  dilute  acids,  and  aisa  that  the  dim 
discs  (Q),  the  accessor]'  discs  (N),  and  the  Amici-Krause  line  (K),  slain  more  deeply  wiUilcig' 
wood  Ihan  ihe  other  discs,  and^  less  than  ihe  rest  of  Q.] 

[K  a  muscle  which  has  been  some  time  in  alcohol  be  examined  as  to  ils  longitudinsl  (tiia' 
tion,  it  will  be  seen  <o  consist  of  rods  with  tight  intervals  between  them  (lig.  369).  Tlte  ndt 
are  thicker  at  their  ends,  and  thinner  and  lighter  at  their  middle.  RoUett  regards  ibe  cleat  in- 
tervals between  these  rods  as  consisting  of  saicoplasma,  a  body  closely  related  to  pnxoiJaiffl, 
and  the  rods  as  bundles  of  fihrillre  or  "muscle-columns."] 

[If  a  muscle  be  acted  upon  by  certain  acids  the  relative  appearance  of  (he  muscle-colDiruQind 
ihe  sarcophisma  is  altered  ;  and  tbe  latter  may  appear  in  these  and  in  gold  prqiarations  u  1 
plexus  of  hhrils  with  n^ular  longitudinal  and  transverse  meshes  {Aft/lam/,  Martkall,  fig,  37O;] 
[Mudcle-Rods- — Schalei  describes  Ihe  appearance  differently ;  Double  rows  of  gisnalcs  ue 
seen  lying  in  or  at  the  boundaries  of  the  light  Streaks  (discs),  and  very  tine  longitudinal  lines 
may  be  detected  running  through  the  dark  streak  (dim  disc)  and  uniting  Ihe  minute  granulei. 
These  fine  lines,  with  their  enlarged  extreroilies,  are  "  mUBcte-rods-"  They  are  most  conqricn- 
ous  in  insects.  During  Ihe  contraction  ofa  living  muscular  fibre,  SchSfer  describes  the  "revo- 
sal  of  ihe  stripes  "  ({  197}  as  follows  :  "  When  the  fibres  contract,  the  light  stripes  are  seen,  as 
the  fibres  shorten  and  thicken,  to  become  dark,  an  apparent  reversal  being  thereby  prodnced  in 
ibe  striae.  This  reversal  is  due  to  the  enlargement  of  Ihe  rows  of  dark  dots  and  the  fotmaiKn  by 
their  juilaposition  and  blending  of  dark  discs,  whilst  the  muscular  substance  between  these  diia 
has  t^  contrast  a  bright  appearance."  With  polarized  light  in  a  living  muscular  fibre,  all  the 
sarcous  substance,  except  Ihe  musclerod,  is  doubly  refractive  or  anisotropous,  so  that  it  appean 
bright  on  a  dark  field  when  the  Nicol's  prisms  are  crossed,  while  under  the  same  conditions  eoa- 
tracted  muscle  and  dead  muscle  show  alternate  dark  and  light  bonds  {S<liS/tr).\ 

The  nucle^  or  muscle -corpuscles  are  lound  immediately  under  the  sarco- 
lemma  in  all  mammals,  and  their  long  axis  lies  in  the  long  axis  of  the  fibre  (S 
to  13  It  long,  3  to  4  /i  broad). 

a  the  muscles  of  the  fil^,  reptiles,  and  some  other  luiimals,  e.g.,  Ihe  red  muscles  of  the 
it  and  hare  and  in  some  muscles  of  birds,  they  lie  in  Ihe  stibstance  of  Ibe  fibre  snrrouaded 

by  a  small  amount  of  p«T>- 

toplasm.]      When  thryoc 

'    cur  immediately  tinder  tbe 

r  TT  sarcolemma  tbey  are  mon 

'  ■"  or  less  aattencd,aDd  lie  em- 

Z     bedded  in  a  small  amonu 

of  protoplasm  (fig.  366. 1 

and2,  Kj.     Tliey  cootun 

one  or  two  nucleoli,  and  ii 

is  said  that  the  praoplasD 

sends    out   fine   procesia 

which   unite   with  similar 

■      processes    from     adjfnning 

g  corpuscles,  so  that,  accnd- 

ingtothisview,  a  bundled 
protoplasmic  network  ei- 
ists  under  Ihe  satt^lcmna. 

Fig.  368.  F.g.  369.  S^f"  .•"""""  '^  ^r; 

*   -^  s   J  a  Iiculated    appearance  dne 

Fig.  36S. — Insects'   muscle;   I,   with  a  high   position   of  the  lens,  to  the  presence  of  a  pkins 

and   II   with   a   deeper   position.     Fig.  369. — Muscular  fibre  of  of    fitnils,  ctmsiitii^     dL 

Carabus  cancellatus.  chromatin  ;  in  its  meshes 

lies  an  achromatic  s&b- 
Etance.  The  nuclei  are  specially  large  in  Oliorhynchus  planalns,  one  of  the  beetles.  Mitotic  figures 
indicating  division  of  the  nuclei  have  been  observed-  The  nuclei  are  not  seen  in  a  perfectly  fresh 
muscle,  because,  until  they  have  undergone  some  change,  their  refractive  index  is  Ibe  same  ax  thai 
of  the  sarcous  substance.]  They  become  specially  evident  after  the  addition  of  acetic  add-  Hisw- 
genetically,  they  are  Ibe  remainder  oF  the  cells  from  which  the  muscular  fibres  were  developed. 
(fig-  366,  7).  According  to  M.  SchulUe,  the  sarcous  substance  is  an  iniErcellular  substance  dif- 
ferentiated and  formed  by  their  aclivity.  Perhaps  they  are  tbe  centres  of  nutrition  for  the  mns- 
cular  fibres.  In  amphibians,  birds,  fishes,  and  reptiles,  they  lie  in  Ihe  axis  of  the  fibres  bet w eg 
Ihe  fibrils. 

Sarcoplasma. — It  is  said  thai  the  protoplasm  of  tbe  muscle- corpuscles  forms  a  fine  netwist 
throughout  Ihe  whole  muscular  fibre,  the  transverse  branches  taking  the^course  of  the  interrBcdiale 
ar  Dobie's  line,  and  the  longitudinal  branches  runnir^  in  the  interstices  between  CobnbeiB'; 
areas,  consliluting  the  sarcoplasma  (Rtitius,  Brtmtr,  Melland,  fig.  370). 
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Relation  to  Tendons. — According  to  Toldt,  the  delicate  connective-tissue 
elements,  which  cover  Che  several  muscular  fibres,  pass  from  the  ends  of  the  lat- 
ter directly  into  the  connective-tissue  elements  of  the  tendon.  The  end  of  the 
muscular  fibre  is  perhaps  united  Co  the  smooth  surface  or  hollow  end  of  the  tendon 
by  means  of  a  special  cement  (IVeismantt — fig.  371,  S).  In  arthropoda,  the  sar- 
colemma  passes  directly  into  and  becomes  continuous  with  the  tendon  {_Ltydig). 
The  tendon  itself  consists  of  longitudinally  arranged  bundles  of  white  fibrous 
tissue  with  cells — tendoncelU — embracTng  them  (p.  588).  There  is  a  loose  capsule 
or  sheath  of  connective-tissue — the  peritendineum  of  Kollman — surrounding 
the  whole  and  carrying  the  blood-vessels,  lymphatics,  and  nerves.  The  tendons 
move  in  the  ten  don -sheaths,  which  are  moistened  by  a  mucous  fluid.  In  most 
situations,  muscular  fibres  are  attached  by  means  of  tendons  to  some  fixed  point, 
but  in  other  situations  (face)  the  ends  terminate  between 
the  connective -tissue  elements  of  the  skin.  [Relation  to 
elastic  fibres,  p.  578.] 

[Blood-Vessets  of    Muscle. — Muscles,  being    very 
active  organs,  are  richly  supplied 

will   -  ■      ■      - 

of 

organs    in    not   constituting    an 
actual     vascular    unit,    supplied  , 
only  by  one  artery  and  one  vein,  f 
thus   being   unlike  the  kidney,  \ 
spleen,  etc.    Each  muscle  usually 
receives  several  branches  from 
different  arteries,  and  branches 
enter  it  at  certain  distances  along 
its     whole   length.     The   artery 
and   vein  usually  lie  together  in 
the     connective- tissue     of     the 

perimysium,  while  the  capillaries  Fig.  370.  Fig.  371. 

lie    in     the     endomysium       The     Fig.  370.-N«work  in  a  m«5cul«  fibre.     Fig.  371.- 
capillaries  lie  between  the  mus-         Relation  of  a  uodon,  S,  to  its  muscuUr  filire. 
cular   fibres,  but  outside   the 

sarcolemma,  where  they  form  an  elongated  rich  plexus  with  numerous  trans- 
verse branches  (fig.  372).  The  lymph  to  nourish  the  sarcous  substance  must 
traverse  the  sarcolemma  to  reach  the  former.  In  the  red  muscles  of  the 
rabbit  {f-g-'  semitendinosus)  the  capillaries  are  more  wavy,  while  on  the  trans- 
verse branches  of  some  of  the  capillaries,  and  on  the  veins,  there  are  small, 
oval,  saccular  dilatations  (fig.  373),  which  act  as  reservoirs  for  blood  {^Ranvier).'^ 

[SpaUeh.)li  tindi  ihni  ihe  arteries  form  a  close  plexu?  In  muscle,  with  quadraagular  meshes, 
the  long  axis  being  in  the  direction  of  the  fibres.  From  tliis  fine  arlerics  proceed  at  right  angles 
to  break  ap  into  capillaries.  In  a  relaxed  muscle  the  capillaries  are  extended,  but  in  a  con- 
tracted muscle  they  are  more  or  leu  curved,  Tbe  veios  nin  along  with  the  arteries,  and  ir« 
provided  with  valves  even  to  their  finest  branches.  Each  muscle  is  to  be  regarded  as  a  cloKd 
ivstem  for  its  blood-stream.  There  is  »o  free  an  anaslomosis  in  muscle  as  to  permit  of  a  free 
distribulion  of  blood  to  all  its  parts,  while  ihe  venous  system  is  so  arranged  that  the  products 
of  muscular  metabolism  are  carried  out  of  the  muscle  a&  quickly  and  completely  as  possible] 

[K^ymphatics. — We  know  verji  little  of  the  lymphatics  of  muscle,  although  the  lymphatics  of 
leadoa  and  tascia  have  been  carefully  studied  by  Ludwig  and  Schwei^er-Seidel.  There  are 
lympbaiics  in  tbe  endnmysium  of  the  heart,  which  are  continuous  with  those  under  ibe  peri- 
cardium. This  subject  slill  requires  further  investigation.  Compare  the  lymphatics  of  the 
fascia  lata  of  the  di«  (fig.  278,  J  201).] 

Entrance  of  the  Nerve  — The  trunk  of  the  molor  nerve,  as  ^  rule,  enters  the  muscle  at  its 
geometrical  centre  {Schaialbi) ;  hence,  the  point  of  entrance  in  muscles  with  long,  parallel,  or 
spied le-shaped  fibres  lies  near  its  middle.     If  the  muscle  with  parallel  fibres  is  more  than  z  to 
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8  centimetres  [1-3  inches]  in  length,  sereral  biuiche*  enter  ila  middle.  In  triugnlar  mnsdcs. 
the  point  of  entrance  of  the  nerve  is  displaced  mole  towards  the  strong  lendinoos  point  of  con- 
vergence of  the  muscular  fibres.  A  nerve  fibre  usually  enters  a  musde  at  the  point  where  thoi 
is  ibe  least  displacement  of  the  muscular  substance  during  contraction. 


1^8-  37*-  Fig-  373' 

Fig.  y}2. — Injected  blood-vessels  of  a  human  muscle,  a,  small  arteryi  b,  vein;  c,  opallaricv 
X  250.  fig-  373. — Blood-vessels  of  a  rabbit's  red  muscle  injected  ;  A,  artery;  V,  veins; 
»,  dilatelions  on  the  transverse  branch  of  the  capillaries;  m,  position  of  the  mnscubr 
fibres  which  are  omitted ;  s,  longitudinal  sinuous  branches. 

Motor    Nerve  to  Muscle. — Every  muscle-fibre  receives  a  motor  neire- 
fibre  (fig.  366,  i,  N).     Each  nerve  does  not  contain  originally  as  many  motor 
nerve-fibres    as    there    arc 
muscular  fibres  in  the  mns- 
cle  it  enters  ;  in  the  human 
eye-muscles,  there  are  only 
3  nerve-fibres  to  7  muscn- 
End-     lar  fibres ;  in  other  muscles 
pi«ie.     (dog),  I    nerve-fibre  to  40 
or  80  {Tergase).     Hence, 
when  a  nerve  enters  a  mov 
cle  it  must  divide,  wbicb 
Muscle  occurs    dichotomously    [at 
nucleus.  Ranvief's  nodes],  the  struc- 
ture undergoing  no  change 
*"''   '  until   there   are  exactly  as 

Fig.  374.  many  nerve-fibres  as  mos- 

Muscular  fibres  with  motorial  end-plates.  cular      fibres.       In      warm- 

blooded animals  each  mus- 
cular fibre  has  only  one,  while  cold-blooded  animals  have  several  points  of 
insertion  of  the  nerve-fibre  (Sundmann).  A  nerve-fibre  enters  each  miiscalar 
fibre,  and  where  it  enlers  it  forms  an  eminence  {Dayire,  1840),  the  eminence 
of  Doyfire,  or  "motorial  end-plate"  or  "motor  spray"  of  KUhne 
(figs.  366,  1,  e,  374.  375.  376,  377)- 
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[^The  elaborate  investigations  of  K.  Mays  on  the  exact  distribution  of  nerve- 
fibres  in  the  muscles  of  the  frog  have  conclusively  proved — apart  from  experi- 
mental reasons — that  parts  of  muscles  receive  no  nerve-fibres  at  all,  certain 
portions  being  free  from  nerves,  e.  g.,  the  terminal  portions  of  the  sartorius 
muscle  of  the  frog.  This  has  been  proved  for  all  classes  of  vertebrates  except 
osseous  fishes.] 

[The  mode  of  termination  of  a  motor  nerve  in  a  muscular  fibre  is  not  the 
same  in  all  animals,  but  in  every  case  it  pierces  the  sarcolemma,  and  its  ultimate 
distribution  has  a  distinct  h  y  pole  mm  al  character.  The  DoySre's  eminence  is 
present  in  most  mammals  and  reptiles,  but  in  amphibians  and  birds  the  ending 
is  flat  on  the  muscle-fibre.  Most  of  the  results  known  to  us  have  been  worked 
out  by  Kuhne,  The  nerve-endings,  then,  are  confined  to  very  small  spots  or 
areas  on  the  muscular  fibr^,  termed  by  Kilhne  "fields  of  innervation." 
Most  nerve-fibres  have  only  one  such  field,  but  very  long  fibres  may  have,  at 
most,  eight.  One  or  more  medullated  nerve-fibres  pass — as  preterminal  or  epi- 
lemmal   fibres — from  the  point  of  division  of  the  nerve-fibre  to  the  muscular 


F"'e-  375- 
Motor  tenDiDitions  in  a  lizard,  staioed  by  mclhyleoe  blue,    a,  muscular  libres;  b,  a  nerve  trunk, 
which  splits  up  into  imill  brsDchcs,  1-,  containing  a  few  medullated  fibres,  d.    The  medul- 
Ikted  fibres,  d,  end  in  motorisi  end-pliles,  t. 

fibre,  to  pass  into  the  nerve-endings.  The  nerve-endings  consist  of  divisions 
of  the  axial  cylinder,  which  are  distributed  over  the  sarcous  substance  without 
(so  far  as  is  known)  forming  any  direct  connection  with  it.  The  endings,  how- 
ever, lie  in  direct  contact  with  it.  This  branched  arrangement  of  the  axis- 
cylinder  under  the  sarcolemma  Kuhne  has  called  a  "  motor-spray  "  ("  mo- 
torisches  Geweih  "),  and  the  mode  of  distribution  of  the  branches  varies  in 
different  classes  of  animals.  In  the  frog  (fig.  376),  tailed,  amphibians,  and 
birds,  the  hypolemmal  branches  of  the  axis-cylinder  form  bayonet-like  and 
branched  endings.  In  the  lizard,  snakes,  and  mammals,  the  branches  are  often 
curved  or  twisted,  and  possessed  of  lobes,  and  as  the  division  is  very  variable, 
there  is  every  form  from  a  simple  hook-tike  bend  to  a  highly  arborescent  termi- 
nation (fig.  375)-] 

[Where  a  motor  nerve  enters  a  muscular  fibre  at  the  eminence  of  DoySre,  the 
sheath  of  the  nerve-fibre,  known  as  the  perineural  or  Henle's  sheath  (|  321), 
becomes  continuous  with  the  sarcolemma.  The  eminence  itself  consists  of  a 
mass  of  protoplasm — or  sarcoplasm — called  by  Kiihne  sarcoglia — which  con- 


584  ENDINGS  OF   NERVES    IN    MUSCLE.  [ScC.  2^2. 

(ains  granules  and  nuclei,  the  latter  with  a  membrane  and  peculiar  nucleoli : 
the  nuclei  themselves  are  the  /undamental  or  basal  nuclei  of  the  sarcoglia.  The 
outer  surface  of  the  eminence  is  covered  by  a  membrane  called  tclolemma 
by  Kilhne,  but  which  in  reality  consists  of  two  membranes,  an  outer  one,  ihe 
epilcmma,  continuous  with  the  perineural  or  Henle's  sheath,  and  an  inner 
one,  the  endolemma,  the  continuation  of  the  sheath  of  Schwann  of  the  nerve- 
fibre,  both  ultimately  being  connected  with  the  sarcolemma.  As  the  nerve 
pierces  the  muscular  fibre,  it  loses  its  myelin,  and  with  it  disappears  the  keratin 
sheath  or  axilemma  of  the  axis-cylinder,  so  that  the  spray-like  ending  is  accom- 
panied only  by  the  telolemma  (fig.  377)-  The  telolemma  contains  nude!  which 
are  derived  from  Henle's  sheath  (/^ii/ine).'] 

[In  some  animals,  such  as  the  lizard,  in  order  to  see  the  nerve- term inaiioos, 
it  is  sufficient  to  stain  portions  of  fresh  muscles  wjth  Delafield's  logwood  ot  to 
inject  methylene  blue  into  the  blood  (fig.  375!).] 

[Nerve-endings,  then,  are  subkmmar,  and  the  terminations  of  the  ncrres 
never  penetrate  into  the  depth  of  the  muscular  fibre,  but  come  into  direct  con- 
tact with  the  contractile  prism  or  cylinder  moistened  by  the  fluids  of  the  muscle. 
In  many  cases  the  striped  substance  is  separated  from  the  blunt  nerve-ending 
by  some  of  the  sarcoglia,  which  in  some  cases  penetrate  and  traverse  the  olher 
constituent  of  the  fibre.    The  latter  KOhne  has  called  "rhabdia."     The  antler 

like  division  of 
the  axis-cylin- 
der or  spray, 
in  contact  wiifc 
the  muscubr 
substance, 
serves  to  con- 
duct the  exciu- 
tlon  from  the 
former  to  the 
latter,  but  ei- 
citation  of  the 
muscular  sub- 
stance is  nevei 
transmitted  m 
the  reverse 
order  to  the 
nerve-ending 

_  Each   moscilB 

Fig.  376.  Fig.  377.  fibre  of  ihe  CT«. 

Fig.  376. — Molar  nerve-eading  in  the  fn^  [JiTuAHt).  a,  Profile  view  of  (ah  is  sap[dia]  b; 
entrance  of  the  nerve;  i.  b,  nuclei  of  the  brandies  of  the  biibI  cylinder;  Iwo  na-vc-filrib 
<:,  {,  {,  nuclei  of  Henle's  sheatii ;  e,  muscle  nuclei.  Fig.  377. — Motor  arising  from  sq* 
nerve-ending  in  lizards,  mam mals,  and  man.  Schematic  after  KUhne.  me  iKis-c; linden 
A.axiscylinder;  A',  A',  terminal  branchesof  A  1  1,  a,  myelin  of  Deives;  {BirArTiawmX 
t,  perineural  01  Henle's  shealh.and  its  nuclei  (f);  d.  nuclei  of  telolemma;  [  Ramoo  j  Can! 
B,  bed;  D,  large  granule  in  B;  C,  nuclei  of  the  bed;  E,  muscle  nuclei ;  was  unable  10  tad 
F,  coDlraclite  substance.  any     true     taii:- 

eaces  of  Dojto 
in  the  win|;-muscles  of  itisects.  By  Golgi's  method  Cayal  finds  thai  Ihere  is  reresled  i.o  tbc 
muscular  fibres  of  Calliphora  vomitoria  a  plexus  of  netve-librils  wjlh  nerve-cells  at  the  nodes.} 

Sensory  fibres  also  occur  in  muscles,  and  they  are  the  channels  for  mus- 
cular sensibility.  They  seem  to  be  distributed  on  the  outer  surface  of  the 
sarcolemma  where  they  form  a  branched  plexus  and  wind  round  the  muscular 
fibres  (Amdt,  Sachs) ;  but,  according  to  Tschirjew,  the  sensory  nerves  traverse 
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the  substance  of  the  muscle,  and  after  dividing  dichotomously,  end  only  in  the 
aponeurosis,  either  suddenly  or  by  means  of  a  small  swelling — a  view  con- 
firmed by  Rauber.  The  existence  of  sensory  nerves  in  muscles  is  also  proved 
by  t}ie  fact  that  stimulation  of  the  central  end  of  a  motor  nerve,  ^.^.,  the 
phrenic,  causes  increase  of  the  blood-pressure  and  dilatation  of  the  pupil  {^Asp, 
Kowalewsky,  Nawrocki),  as  well  as  by  the  fact  that  when  they  are  inflamed 
they  are  painful.  They,  of  course,  do  not  degenerate  after  section  of  the  ante- 
rior root  of  the  spinal  nerves. 

Red  and  Pale  Muscles. — In  many  fishes  (skate,  plaice,  herring,  mackerel)  {IV,  Stirling) ^ 
birds,  and  mammals  (rabbits),  there  are  two  kinds  of  striped  muscle  (JCrause)^  differing  in  color, 
histological  stracture  {/ianTner)^  and  physiological  properties  {^Kronecker  and  Stirling).  Some 
are  '*  red,'*  e.g,^  the  soleus  and  semitendinosus  of  the  rabbit,  and  others  **  pale,*'  e.g,^  the 
adductor  magnus.  [AH  the  muscles  of  the  bat  are  red.]  In  the  pale  muscles  the  fibres  are 
thinner,  the  transverse  striation  is  thicker,  their  longitudinal  striation  less  marked,  and  their 
nuclei  fewer  than  in  the  red  muscles  i^Ranvier) ;  they  contain  less  glycogen,  water,  and  myosin. 
[W.  Stirling  6nds  that  the  red  muscles  in  many  fishes,  f.g.,  the  mackerel,  contain  granules  of 
oil,  and  present  all  the  appearance  of  muscle  in  a  state  of  fatty  degeneration,  while  the  pale 
miiscles,  lying  side  by  side,  contain  no  fatty  granules.] 

Julias  Arnold  found  in  human  muscles  an  extensive  distribution  of  pale  fibres  amongst  the  red 
ones,  and  indeed  in  the  same  muscle  in  the  frog  and  mammals,  red  and  pale  fibres  occur 
together;  in  fact,  this  is  the  case  in  almost  every  muscle  {Griitzner). 

[Spectrum  of  Muscle. — The  red  color  of  the  ordinary  skeletal  muscle  b  due  to  haemo- 
globin in  the  sarcous  substance  (Kuhne),  This  is  proved  by  the  fact  that  the  color  is  retained 
after  all  the  blood  is  washed  out  of  the  vessels,  when  a  thin  muscle  still  shows  the  absorption- 
bands  of  haemoglobin  when  examined  with  the  spectroscope.] 

[Myo-bsetnatin. — MacMunn  points  out  that  although  most  voluntary  muscles  owe  their 
color  to  haemoglobin,  it  is  accompanied  by  myo-kamatin  in  most  cases,  and  sometimes  entirely 
replaced  by  it  (\  293)*  Myo-haematin  is  found  in  the  heart  of  vertebrates,  in  the  papillary  mus- 
cles of  the  human  heart,  and  in  abundance  in  the  pectoral  muscles  of  pigeons,  and  in  some 
muscles  of  vertebrates  and  invertebrates,  e.g.,  certain  beetles  (Hydrophilus,  Dytiscus),  the  com- 
noon  fly,  and  other  insects,  spiders,  crustaceans,  and  molluscs.] 

Muscular  Fibres  of  the  Heart. — The  mammalian  cardiac  muscle  has 
certain  peculiarities  already  mentioned  (§  43) :  (i)  It  is  striped,  but  it  is  invol- 
untary;  (2)  it  has  no  sarcolemma;  (3)  its  fibres  branch  and  anastomose;  (4) 
the  transverse  striation  is  not  so  distinct,  and  it  is  sometimes  striated  longitudi- 
nally ;  (5)  the  nucleus  is  placed  in  the  centre  of  each  cell  (see  §  43).  [The 
cardiac  muscle,  viewed  from  a  physiological  point  of  view,  stands  midway  be- 
tween strip>ed  and  unstriped  muscle.  Its  contraction  occurs  slowly  and  lasts  for 
a  long  time  (p.  loi),  while,  although  it  is  transversely  striped,  it  is  involuntary.] 

[Purkinje's  Fibres. — These  fibres,  which  form  a  plexus  of  gra3rish  fibres  under  the  endocar. 
diam  of  the  heart  of  ruminants,  have  been  described  already  (fig.  38) ;  the  cells  have,  as  it  were, 
advanced  only  to  a  certain  stage  of  development  (J  46).] 

Development  of  Muscular  Fibre. — Each  muscular  fibre  is  developed  from  a  uni-nucleated 
cell  of  the  mesoblast,  which  elongates  into  the  form  of  a  spindle.  As  the  cell  elongates,  the 
nuclei  multiply.  The  superficial  or  parietal  part  of  the  cell-substance  shows  transverse  markings 
(fig.  366,  7),  while  the  nuclei  with  a  small  amount  of  protoplasm  are  continuous  along  the  axis 
of  the  fibre,  where  they  remain  in  some  animals,  but  in  man  they  pass  to  the  surface  where  they 
come  to  lie  under  the  sarcolemma.  The  muscles  of  the  young  are  smaller  and  have  fewer  fibres 
than  those  of  adults  [Budge).  In  developing  muscle,  the  number  of  fibres  is  increased  by  the 
proliferation  of  the  muscle- corpuscles,  which  form  new  fibres. 

According  to  Paneth,  in  old  individuals  separate  cells  with  aggregation  of  contractile  sub- 
stance— so-called  Sarcoplasts — unite  to  form  new  muscular  fibres.  Sig.  Mayer  regards  these 
structures  as  retrogressive  structures,  and  he  calls  them  Sarcolytes  ({  103,  IJ). 

Occurrence  in  lower  Animals. — Striped  muscle,  besides  occurring  in  the  corresponding 
organs  of  vertebrata,  occurs  in  the  iris  and  chgroid  of  birds.  The  arthropoda  have  only  striped 
mnscle,  the  molluscs,  worms,  and  echinoderms  chiefly  smooth  muscles ;  in  the  latter  are  muscles 
with  doable  oblique  striation  [Sckwaibe). 

2.  Nonstriped  Muscle. — [Distribution. — It  occurs  very  widely  dis- 
tributed in  the  body,  in  the  muscular  coat  of  the  lower  half  of  the  human 
oesophagus,  stomach,  small  and  large  intestine,  muscularis  mucosas  of  the  intes- 
tinal tract,  in  the  arteries,  veins,  and  lymphatics,  posterior  part  of  the  trachea. 
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bronchi,  infundibula  of  the  lung,  muscular  coat  of  the  ureter,  bladder,  urethra, 
vas  deferens,  vesiculae  seminales,  and  prostate ;  corpora  cavernosa  and  spongiosa 
penis,  ovary,  Fallopian  tube,  uterus,  skin,  ciliary  muscle,  iris,  upper  eyelid, 
spleen  and  capsule  of  lymphatic  glands,  tunica  dartos  of  the  scrotum,  gall- 
bladder, in  ducts  of  glands,  and  in  some  other  situations.] 

[Structure. — Smooth  muscular  fibres  consist  of  fusiform  or  spindle-shaped 
elongated  cells,  with  their  ends  either  tapering  to  fine  points  or  divided  (fig. 
378).  These  contractile  fibre-cells  may  be  isolated  by  steeping  a  piece  of  the 
tissue  in  a  30  per  cent,  solution  of  caustic  potash,  or  a  strong  solution  of  nitric 
acid.  They  are  45  to  230  /t  [-5^  to  j^  in.]  in  length,  and  4  to  10  ;i  [rVvr  ^ 
Y^  in]  ^^  breadth.  Each  cell  contams  a  solid  oval  elongated  nucleus,  which 
may  contain  one  or  more  nucleoli.  It  is  brought  into  view  by  the  action  of 
dilute  acetic  acid,  or  by  staining  reagents.  The  mass  of  the  cell  appears  more 
or  less  homogeneous,  although  in  some  places  the  cell-substance  shows  longitu- 
dinal fibrillation  [and  is  surrounded  by  a  thin  elastic  envelope.  They  arc  not 
doubly  refractive,  so   that  the  anisotropous  substance  seems  to  be  absent]. 


Fig.  378.  Fig.  379.  Fig.  380. 

Fig.  378. — Smooth  muscular  fibres  (10) ;  (ii)  transverse  section.  Fig.  379. — Smooth  moscsiir 
fibre  from  the  mesentery  of  a  newt  (ammonium  cbromate).  N,  nucleus;  F,  fibri.s;  N 
markings  in  the  sheath.     Fig.  380. — Termination  of  nerve  in  non-striped  muscle. 

[Method* — ^This  fibrillation  is  revealed  more  distinctly  thus :  Place  the  me- 
sentery of  a  newt  {Klein)  or  the  bladder  of  the  salamandra  maculata  {F/emmt)^) 
in  a  5  per  cent,  solution  of  ammonium  chromate,  and  afterwards  stain  it  with 
picro-carmine.  Each  cell  consists  of  a  thin  elastic  sheath  (sarcolemma  of 
Krause)  enclosing  a  bundle  of  fibrils  (F)  which  run  in  a  longitudinal  direc- 
tion within  the  fibre  (fig.  379).  They  are  continuous  at  the  poles  of  the  nucleus 
with  the  plexus  of  fibrils  which  lies  within  the  nucleus,  and,  according  to  Klein, 
they  are  the  contractile  part,  and  when  they  contract  the  sheath  becomes 
shrivelled  transversely  and  exhibits  what  looks  like  thickenings  (S).  These 
fibrils  have  been  observed  by  Flemming  in  the  cells  while  living.  Sometimes 
the  cells  are  branched,  while  in  the  frog's  bladder  they  are  triradiate.] 

[Arrangement  of  the  Fibres. — ^Sometimes  the  fibres  occur  singly,  ta 
usually  they  are  arranged  in  groups,  forming  lamellse,  sheets,  or  bundles,  or  in 
a  plexiform  manner,  the  bundles  being  surrounded  by  connective-tissue.]  A 
very  delicate  elastic  cement-substance  unites  the  individual  cells  to  each  other. 
[This  cement  may  be  demonstrated  by  the  action  of  nitrate  of  silver.  Ie 
transverse  section  (fig.  378,  11)  they  appear  oval  or  polygonal,  with  the  delicate 
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homogeneous  cement  between  them  ;  but  as  the  fibres  are  cut  at  various  levels, 
the  areas  are  unequal  in  size,  and  all  of  them,  of  course,  are  not  divided  at  the 
position  of  the  nucleus.] 

They  vary  in  length  from  -j-l^f  to  ji^  of  an  inch;  those  in  the  middle  coat  of 
the  arteries  are  short,  while  they  are  long  in  the  intestinal  tract,  and  especially 
so  in  the  pregnant  uterus.  According  to  Engelmann,  the  separation  of  the 
snnooth  muscular  substance  into  its  individual  spindle-like  elements  is  a-post- 
morlim  change  of  the  tissue.  [Sometimes  transverse  thickenings  are  seen, 
which  are  not  due  to  transverse  striation,  but  to  a  partial  contraction.  Occa- 
sionally they  have  a  tendinous  insertion.] 

Blood-vessels  in  Smooth  Muscle. — Non-striped  muscle  is  richly  sup- 
plied with  blood-vessels,  and  the  capillaries  form  elongated  meshes  between 
the  fibres  [although  it  is  not  so  vascular  as  siriped  muscle].  Lymphatics 
also  occur  between  the  fibres. 

Motor  Nerves  to  Smooth  Muscle. — According  to  J.  Arnold,  they 
consist  of  meduUated  and  non-meduUaied  fibres  [derived  from  the  sympathetic 
system]  which  form  a  plexus — ground  plexus — partly  provided  with  gangli- 
onic cells, -and  lying  in  the  con  nee  live- tissue  of  the  perimysium.  [The  fibres 
are  surrounded  with  an  endothelial  sheath.]  Small  branches  [composed  of 
bundles  of  fibrils]  are  given  off  from  this  plexus,  forming  the  intermediary 
plexus  with  angular  nuclei  at  the  nodal  points.  It  lies  either  immediately 
upon  the  musculature  or  in  the  connective- tissue  between  the  individual  bun- 
dles. From  the  intermediary  plexus,  the  finest  libriltae  (0.3  to  0.5  it)  pass  off, 
either  singly  or  in  groups,  and  reunite  to  form  the  intermuscular  plexus 
(fig.  380,  d'),  which  lies  in  the  cement  substance  between  the  muscle-celb, 
to  end,  according  to  Frankenhauser,  in  the  nucleoli  of  the  nucleus,  or  in  the 
neighborhood  of  the  nucleus  {Luslig).  According  to  J,  Arnold,  the  fibrils 
traverse  the  fibre  and  the  nucleus,  so  that  the  fibres  appear  to  be  strung  upon 
a  fibril  passing  through  their  nuclei.  According  to  Lowit,  the  fibrils  reach 
only  the  interstitial  substance,  while  Gscheidlen  also  observed  that  the  finest 
terminal  fibrils,  one  of  which  goes  to  each  muscular  fibre,  ran  along  the  margins 
of  the  latter  (fig.  380).  The  course  of  these  fibrils  can  only  be  traced  after  the 
action  of  gold  chloride.  [Ranvier  has  traced  their  terminations  in  the  stomach 
of  the  leech.] 

[Muscle -spin dies. — Here  and  there  in  muscles  (here  exist  peculiar  bandies  of  muscular 
tihrca  or  single  libres,  to  wbich  there  proceeds  a  large  nerve-fibre  enveloped  in  several  sbealbs, 
The  nerve  perforates  tbe  sheelh  and  lerminatcs  in  the  muscular  fibre  or 
libres.     They  were  first  described  by  K611ilier  in  1862,  and  Ihe  above      a        h        i 
name  was  given  them  by  Kilhne  in  1863.    They  appear  to  exist  in  all 
classes  of  vertebrates.     These  bodies  were  afterwards  called  sarcoplBBIS 
by  Kiihoe.     Similar  bodies  were  described  by  Roth  as  "  neuro  muscular   , 
trunlctels."     lo  frogs'  muscle:  they  consist  of  groups  of  3-10  very  fine    1 
muscular    fibres    supplied  by  a   large  nerve-fibre  covered  with    Several 
sh«atfas,  and  as  they  are  thickest  where  the  nerve  enters,  and  taper  some- 
what towards  their  extremities,  they  received  from  KUhoe,  the  name  of   ' 
"  muscle- spindles."  although  KSIliker  called  tbem  "  muscle- buils."     As 
Ranvier  points  out,  the  sheaths  are  not  uolike  the  lamelialed  sheath  of  a 
nerve.      These  structures   occur  in   the  muscles  of   fi-ogs,  reptiles,   and 
higher  animals,  and  even  in  human  muscles ;  they  seem  10  be  muscular 
fibres  in  process  of  dividing  longitudinally  [KSlliier),  although  Bremer  f'E'  3°'- 

regards  them  as  muscular  fibres  in  process  of  development.]  Tendon-cells.  (ail  of  a 

("Structure  of  Tendon. — A  tendon  consists  chiefly  of  jeen^on  edge  and 
white  fibrous  tissue,  with  a  very  few  elastic  fibres.  The  white  embracing  a  fibre; 
fibres  are,  for  the  most  part,  arranged  longitudinally,  and  if  b  t,  on  the  Hat,  and 
a  tendon  be  macerated  in  picric  acid  or  10  per  cent,  solution  showing  their  nudw 
of  common  salt  and  then  frayed  out  at  one  end,  the  fine  '"  "*^'*- 
delicate  fibrils  which  compose   the  fibres  are  readily  obtained.     The  fibres 
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are  partially  covered  by  the  tendon -eel  Is,  which  are  simply  modified  conoecrire- 
tissue  corpuscles.  In  a  longitudinal  section  of  a  tendon  the  cells  appear  is 
fusiform  nucleated  cells  lying  in  rows,  in  single  file,  between  the  bundles.  If, 
however,  the  tendons,  t.  g.,  from  the  tail  of  a  rat  or  mouse,  are  stained  mitt 
gold  choride,  the  gold  stains  the  protoplasm  of  the  tendons  deeper  than  the 
fibres,  so  that  then  the  shape  and  relation  of  the  cells  can  be  more  readily 
studied.  The  cells  are  flattened  quadrilateral  plates,  which  clasp  the  fibrwE 
bundles,  covering  them,  however,  only  on  one  side.  They  lie  in  rows  on  the 
fibres  {fig.  381). 

The  nuclei  of  the  cells  are  generally  less  deeply  stained  and  usually  lie  at  [he 
contiguous  borders  of  two  adjacent  cells,  as  if  the  two  cells  had  been  producn! 
by  the  splitting  of  one  cell.     Each  cell  has  on  it  a  longitudinal  "stripe"  or 
"  ridge  "  (fig.  381,  b'),  much  like  the  ridge  seen  on  the  tiles  of  a  roof.     Tat 
ridge  is  produced  by  the  soft  plastic  cell  being  compressed  between  xvml 
adjacent  fibres.     The  fibres  are  arranged  in  groups,  forming  longitudinal  ban- 
dies, and  these  again  are  held  together  by  a  common  fibrous  sheath,  which 
sends  in  septa  between  the  bundles  to  support  them,  and  bind  them  together. 
Thus,  in  atransverse  section  of  a  tendon,  one  sees  that  the  white  fibres  of  ibt 
sheath  and  septa  run  somewhat  circularly,  and  that  they  carry  the  few  nena 
and  blood-vessels  present  in  tendon.     In  the  cross-section  of  each  bundle  »re, 
to  be  seen  a  number  of  stellate  or  branched  spaces  (fig.  382),  lying  betwcet , 
the  smaller  bundles  of  fascicules  that  make  up  a  layer  of  bundles.      These  ut 
the  interfascicular  or  cell-spices.     In  them  He  the  tendon-cells,  of  course  doseiT 
applied  to  their  respective  fibres,  and  also  some  lymph.     Each  tendon  eiier- ; 
nally  is  covered  with  an  endothelial  sheath.] 
[Physical  Properties  of  Tendon. — Moist  tendon  is  highly  6exible,  a  ' 
very  inelastic  and  inestensible.    li 
requires  a  very  considerable  forte  ■ 
to  rupture  a  tendon.     The  tendM  ■ 
of    the    frog's    gastrocnemius  will ; 
readily  carry  a  weight  of  two  to  tbiK  j 
poundswithout  being  raptured.]       ! 

i  [Termination  of  Nerves  in  | 
Tendon, — For  a  long  lime  it  wis  1 
believed  that  there  were  no  Tttr.&  \ 
in  tendon,  but  the  fact  that  spnin^ 
are  so  painful,  and  that  inflamniaiioc 
of  tendons  gives  rise  to  severe  pairi. 
shows  that  there  are  sensory  nerve 
present.  The  existence  of  ner«- 
terminations  has  been  demonstrated 
Pj      g^  in  the  tendons  of  all  classes  of  ver- 

'^' ■^    ■  tebrates.    Theyarereadily obtainrd 

Transverae  teclion  oU  tendon  from  the  tail  of  a  rat.  by  ihe  gold   method   in   the  Stcrr-L. 
showing  Ih.  bmnched  ,.e11«e  *i»ccs.  ^/^j^,  ^^^^^^   ^^  ^^^   f^^^^   ^„^^  ^ 

shown  by  Golgi,  they  are  most  abundant  near  the  muscle.  MeduUated  nene- 
fibres  can  be  traced  to  the  tendon,  where  the  axis-cylinder  splits  up  into  i 
number  of  fibrils,  which  unite  amongst  themselves,  and  form  a  reticulattd 
end-plate  (Golgi's  end-plate),  which  is  sometimes  embedded  in  a  grannbc- 
looking  matter.  The  chief  researches  were  made  by  Sachs  (1S75),  Kcrflei: 
(1876),  and  Golgi  (1880),  and  most  recently  by  Ciaccio.  Golgi  called  the 
small  tendon  and  the  termination  of  the  nerves  in  them  "  musculo- tend uw* 
organs,"  but  this  name  is  not  well  chosen.  The  nerve-fibres  which  proceed  ti 
the  tendon  are  always  medullated ;    they  lose  their  sheaths,  and   peaetnte 
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between  the  bundles  of  fibres  of  the  tendon,  where  the  axis-cylinder  ramifies, 
and  terminates  either  in  free  ends,  or  sometimes  as  a  spiral  around  the  tendon 
fibres.  The  nerve-end  plaques  of  tendon  have  no  nuclei  belonging  to  them 
like  those  of  motor  nerve-plates;  they  are  simply  a  bushy  termination  of 
branches  of  the  axis-cylinder  (fig.  383),  and  are  usually  arranged  in  two  or 
three  planes  in  a  tendon,  and  never  on  the  exterior  of  the  tendon.  In  some 
situations,  especially  in  fasciae,  structures  somewhat  resembling  end-bulbs  have 
been  found] 

Wilhin  the  tendons  of  Ihe  frog  Ihere  is  a  plexus  of  meduIUted  nerve-fibres,  from  which  brush, 
like  divided  lilires  proceed,  which  ullimately  end  with  a  psint  iu  nuclealcd  plat^,  the  nerve- 
SakcB  o!  Rolletl.  According  to  Sachs,  bodies  like  end-bulbs  occur  in  tendons,  while  Rauber 
found  Vater's  corpuscles  in  their  shenths;  Golgli  found,  in  addition,  spindle-shaped 
terminal  coipuscles,  which  he  reguds  as  a  specific  apparatus  for  estimating  tension, 

293.    PHYSICAL    AND    CHEMICAL     PROPERTIES    OF 

MUSCLE. — I.  The  consistence  of  the  sarcous  substance  is  the  same  as 
that  of  living  protoplasm,  e.  g. ,  of  lymph-cclls ;  it  is  semi-solid,  ('.  i. ,  it  is  not 
fluid  to  such  a  degree  as  to  flow  like  a  fluid,  nor  is  it  so  solid  that,  when  its 
parts  are  separated,  these  parts  are  unable  to  come  together  to  form  a  continu- 


Fig.  383. 
TermioaiioD  of  a  nerve  in  the  hnrnan  tendo-A chillis.     NR,  node  of  Ranvier;    SH,  sheath  of 
Henle;  r/nc,  linal  ramificationE  at  the  axis-cylinder  in  bands;  pi/,  primitive  bundles  of 
the  tendon. 

ous  whole.  The  consistence  may  be  compared  to  a  jelly  at  the  moment  when 
it  is  dissolved  (e.  g.,  by  heat). 

Proofs. — The  following  facls  corroborate  the  mew  expressed  above;  (a)  The  analogy 
iMtween  the  functioD  of  the  sarcous  substance  «nd  Ihe  coDlractile  protoplasm  of  cells  (§  9). 
(i)  The  so-called  Porret's  phenomenon,  whicb  consists  in  this,  that  when  a  galvanic  current 
is  conducted  through  the  living,  Iresh,  sarcous  substance,  the  contents  of  Ibe  muscular  fibre 
exhibit  a  streaming  movement  from  the  positive  to  the  negative  pole  (a;  in  all  other  fluids),  so 
that  ibe  fibre  swells  at  the  negative  pole  (XS&h^).  (c)  By  the  fact  that  wave- movements 
have  been  observed  to  pass  along  the  muscular  fibre,  {d)  Direct  observation  has  shown  that  a 
imall  parasitic  round  worm  (Myoryctes  Weismannil  moved  freely  in  the  sarcous  substance 
within  the  sarcolemma,  while  the  semi-solid  mass  closed  up  in  the  tract  behind  it  ifTiiAne, 
Eitrlh). 

3.  Polarized  Light. — The  contractile  substance  doubly  refracts  light,  and  is  said  to  be 
anisotropous,  while  the  ground -substance  causes  single  refraction,  and  is  isotropous. 
According  to  Brilcke,  muscle  behaves  like  a  doubly  relnctivc,  positive  uniaxial  body,  whose 
optical  axis  lies  in  Ihe  long  axis  of  the  fibre.  When  a  muscular  fibre  is  examined  under  the 
polarization  microscope,  the  doubly  refractive  substance  is  recognized  by  its  appearing  bright  in 
the  dark  field  of  Ibe  micrQicope  when  the  NicoLs  are  crossed  (J  297]  \  in  a  colored  field  (purple, 
red,  f.  g;  by  inserting  a  plate  of  mica)  these  parts  assume  a  different  color  (blue,  yellowish -red, 
or  yellow).  During  contraction  of  a  muscular  fibre,  the  contractile  part  of  Ihe  fibre  becomes 
narrower,  and  at  the  same  time  broader,  whilst  the  optical  constaots  do  not  thereby  undergo 
any  cbangc.     Hence  Brilcke  concludes  that  Ihe  contractile  discs  are  not  simple  bodies  like 
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crystals,  but  must  consist  of  a  whole  series  of  small  doubly  refraaive  elements  arranged  in  groops, 
which  change  theur  position  daring  contraction  and  relaxation.  These  small  elements  Brade 
called  disdiaclasts.  According  to  Schipiloff,  Danielewsky,  and  O.  Nasse,  the  cootnctiie 
anisotropous  substance  consists  of  myosin,  which  occurs  in  a  crystalline  condition,  and  rcpre 
sents  the  dbdiaclasts.  According  to  Engelmann,  however,  all  contractile  elements  are  dooblr 
refractive,  and  the  direction  of  contraction  always  coincides  with  the  optical  axis. 

As  regards  the  anisotropous  substance,  the  investigations  of  v.  Ebner  have  shown  thai 
during  the  process  of  growth  of  the  tissue,  tension  is  produced — the  tension  of  bodies  snt^ecte: 
to  imbibition — which  results  in  double  refraction,  and  so  gives  rise  to  the  condition  called  2LWi 
tropous.  During  a  sustained  contraction  in  a  dying  muscle,  the  index  of  refraction  of  the  mcs- 
cular  fibre  increases,  which  is  due  to  the  loss  of  water  by  the  tissue,  thus  causing  a  greater  cog 
centration  of  the  dissolved  muscular  constituents  (Exner). 

[Reaction  of  Muscle. — If  a  transverse  section  of  a  living  excised  muscle  be  pressed  upcr 
a  strip  of  blue  litmus  paper,  the  latter  may  assume  a  reddish  tinge,  and  if  upon  a  red  litmu 
paper,  the  latter  may  assume  a  bluish  tinge,  but  it  will  not  alter  violet  litmus  paper.  This  b  tk 
amphochromatic  or  amphoteric  reaction,  indicating  that  the  muscle  is  neutral.  It  may,  hovertr, 
give  only  an  alkaline  reaction.  A  living  muscle  plunged  into  boiling  water  still  retains  it< 
neutral  or  alkaline  reaction ;  but  a  muscle,  which  has  been  tetanized,  or  is  in  rigor  monis,  1^ 
decidedly  add.] 

[Chemical  Composition  of  Muscle. — Living  muscle  in  the  resting  cob- 
dition  is  alkaline  in  reaction  and  has  in  round  numbers  the  following  compo- 
sition : — 


Proteids  and  albuminoids,  21  percent. 
Fats,  extractives,  and  salts,   4 


((      <i 


Water,  75  per  cent! 
Solids,  25    '*      ** 

The  human  pectoral  is  major  gave : — 

Water, 73.5 

Solids, 26.5 

Proteids,  including  sarcolemma,  and  proteids  of  connective-tissue  and 

vessels, 18.02 

Fat*''°  }  ^°™  connective-tissue, i    \'f^ 

Extractives  f  kreatin,  lactic  acid,  etc.), 0.22 

Inorganic  salts, 3-12] 

The  chemical  composition  of  muscle  rapidly  undergoes  a  great  change 
after  death,  owing  to  the  spontaneous  coagulation  of  a  proteid  within  the 
muscular  fibres.  As  frog's  muscles  may  be  frozen  and  thawed,  and  still  reman: 
contractile,  they  cannot  therefore  be  greatly  changed  by  the  process  of  freezing. 
KUhne  bled  frogs,  cooled  their  muscles  to  10*^  or  7°  C,  pounding  them  in  ac 
iced  mortar,  and  expressed  their  juice  through  linen.  The  juice  so  expressed, 
when  filtered  in  the  cold,  forms  a  neutral,  or  alkaline,  slightly  yellowish, 
opalescent  fluid,  the  so-called  ''muscle-plasma."  Like  blood>plasina,  it 
coagulates  spontaneously ;  at  first  it .  is  like  a  uniform  soft  jelly,  bat  sasot 
becomes  opaque ;  doubly  refractive  fibres  and  specks,  similar  to  the  fibrin  of 
blood,  appear  in  the  jelly,  and  as  these  begin  to  contract,  they  squeeze  oat  c* 
the  jelly  an  a«V/ *•  muscle-serum,"  [Halliburton  finds  that  the  muscles  cf 
warm-blooded  animals  yield  a  similar  muscle-plasma  when  they  are  cooled  arxi 
subjected  to  pressure  in  a  suitable  press.]  Cold  prevents  or  delays  the  coagu- 
lation of  the  muscle- plasma ;  above  o*^  coagulation  occurs  very  slowly,  and  the 
rapidity  of  coagulation  increases  rapidly  as  the  temperature  rises,  while  coagu- 
lation takes  place  very  rapidly  at  40*^  C.  in  cold-blooded  animals,  or  at  48'  tc 
50°  C.  in  warm-blooded  muscles.  The  addition  of  distilled  water  or  an  acid 
to  muscle- plasma  causes  coagulation  at  once.  The  coagulated  proteid  most 
abundant  in  muscle,  and  which  arises  from  the  doubly  refractive  substance,  t^ 
called  **  myosin"  {W,  Kuhne), 


Myosin. — It  b  a  globulin  (J  245),  and  is  soluble  in  strong  (10  per  cent.)  solution  of  1 
salt,  and  is  again  precipitated  from  such  a  solution  by  dilution  with  water,  or  by  the  adcbtirta  .' 
very  small  quantities  of  adds  (o.i  to  0.2  per  cent,  lactic  or  hydrochloric  acid).     It  b  solibk  " 
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dilute  alkalies  or  slightly  stronger  acids  (0.5  per  cent,  lactic  or  hydrochloric  acid),  and  also  in 
13  per  cent,  ammonium  chloride  solution.  [The  more  myosin  is  freed  from  salts  (especially  of 
calcium)  by  washing,  the  more  insoluble  does  it  become,  both  in  saline  solutions  and  weak  hydro- 
chloric acid.  When  once  precipitated  from  its  solution,  it  can  be  redissolved,  reprecipitated, 
and  again  undergo  coagulation  a  second  or  even  a  third  time  (Halliburton).']  Like  fiorin,  myosin 
rapidly  decomposes  hydric  peroxide.  When  treated  with  dilute  hydrochloric  acid  and  heat,  it  is 
very  rapidly  changed  into  syntonin  (J  245).  Myosin  may  be  extracted  from  muscle  by  a  10  to 
15  per  cent,  solution  of  NH4CI,  and  if  it  be  heated  to  65^,  it  is  precipitated  again  {Danielewsky). 
Danielewsky  succeeded  in  partly  changing  syntonin  into  myosin  by  the  action  of  milk  of  lime 
and  ammonium  chloride.  Myosin  occurs  in  other  animal  structures  (cornea),  nay,  even  in  some 
vegetables  (O.  Nasse), 

Muscle  serum,  according  to  Kiihne,  still  contains  three  proteids  (2.3  to  3 
per  cent.),  viz. :  i.  Alkali-albuminate,  which  is  precipitated  on  adding  an 
acid,  even  at  20^  to  24°  C.  2.  Ordinary  serum-albumin,  1.4  to  1.7  per 
cent.  (§  32,  a),  which  coagulates  at  73*^  C.  3.  An  albuminate  which  coagu- 
lates at  47°  C. 

[Halliburton  finds,  however,  the  following  proteids  in  muscle-plasma : — 


Name.  I    ^'^^jfgj^t'jf  ^^    I  Saturation  with  NaCl  or  NatS04. 


Paramyosinogen, 
Myosinogen,     . 
Myoglobulin,    . 
Albumin,  .    .    . 
Myoalbumose,  . 


i(  (I 


47*' C. 

630 

73''  '  No  4. 

Not  4.  I  No  4. 

I 


Causes  precipitation.  "^  Proteids  which  go  to 
"  "  /    form  muscle-dot. 


1 


Proteids      of       the 
muscle-serum. 


Although  the  first  two  go  to  form  the  clot  of  muscle  or  myosin,  paramyosinogen 
is  not  essential  for  coagulation.  Besides  these  bodies  there  are  haemoglobin 
and  also  myo-hsematin,  which  is  not  identical  with  the  blood-pigment 
(?  p.  484).  The  latter  can  be  extracted  by  ether  from  muscle  (^.  g.,  the  breast 
muscle  of  a  pigeon),  whereby  the  ether  becomes  red.  It  can  exist  in  an 
oxidized  and  reduced  condition  {MacMunri),  According  to  Levy,  it  is  iden- 
tical with  haemochromogen,  while  Hoppe-Seyler  regards  it  as  a  mixture  of 
HbO,  and  Hb.] 

The  other  chemical  constituents  of  muscle  have  been  referred  to  in  treating 
of  fiesh  (§  233).  I.  Muscle-ferments. — BrUcke  found  traces  of  pepsin 
and  peptone  in  muscle-juice,  [the  latter  is  denied  by  Halliburton]  ;  Piotrowsky, 
a  trace  of  a  diastatic  ferment.  [When  muscle  becomes  acid,  as  in  rigor 
mortiSy  the  pepsin  at  a  suitable  temperature  (35^  to  40^  C.)  acts  on  the  pro- 
teids, and  albumoses  and  peptones  are  formed.  Halliburton  found  a  myosin- 
ferment  which  has  the  characters  of  an  albumose.  It  is  prepared  in  the  same 
way  as  fibrin-ferment  by  keeping  muscle  for  some  months  under  alcohol,  and 
then  making  a  watery  extract  of  the  muscle.  It  does  not  hasten  the  coagula- 
tion of  blood-plasma,  although  it  causes  muscle  plasma  to  coagulate.  It  does 
not  seem  to  be  identical  with  fibrin-ferment.]  2.  In  addition  to  volatile /«//y 
acids  (formic,  acetic,  butyric),  there  are  two  isomeric  forms  of  lactic  acid 
(C,H»Oi)  present  in  muscle  with  an  acid  reaction  :  (a)  Ethyiidene- lactic  acid, 
in  the  modification  known  as  right  rotatory  sarcolactic  or paralactic  acid,  which 
occurs  only  in  muscles,  and  some  other  animal  structures.  (J>)  Ethylene-lactic 
acid  in  small  amount  (§  251,  3,  c).  It  was  formerly  assumed  that  lactic  acid  is 
formed  by  fermentation  from  the  carbohydrates  of  the  muscle  (glycogen,  dex- 
trin, sugar),  and  Maly  has  observed  that  paralactic  acid  is  occasionally  formed 
when  these  bodies  undergo  fermentation.  According  to  Bohm,  however,  the 
glycogen  of  muscle  does  not  pass  into  lactic  acid,  as  during  rigor  mortis,  if 
putrefaction  be  prevented,  the  amount  of  glycogen  does  not  diminish.     If 
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muscle  be  suddenly  boiled  or  treated  with  strong  alcohol,  the  ferment  is 
destroyed,  and  hence  the  acidification  of  the  muscular  tissue  is  prevented  {Du 
Bois- Raymond),  Acid  potassium  phosphate  also  contributes  to  the  acid  reac- 
tion. 3.  Glycogen  occurs  to  the  amount  of  over  i  per  cent,  after  copioos 
flesh  feeding,  and  to  0.5  per  cent,  during  fasting.  It  is  stored  up  in  the  mus- 
cles, as  well  as  in  the  liver  during  digestion,  but  it  disappears  during  hunger. 
It  is  perhaps  formed  in  the  muscles  from  proteids  (§  174,  2).  4.  Carmn 
(C7H8N4O3)  which  is  changed  by  bromine  or  nitric  acid  into  sarkin,  occurs  to 
the  extent  of  i  per  cent,  in  Liebig's  extract  of  meat  {Weidel^.  5.  Urea^  o.oi 
per  cent.  {Haycraft),  [There  is  much  urea  in  the  muscles  of  the  skate  and 
allied  genera  of  fish.]  6.  Lecithin,  derived  in  part  from  the  motor  nerve- 
endings  (§  23  and  §  251).  7.  The  gases  are  CO^  (15  to  18  vol.  per  cent.  1, 
partly  absorbed,  partly  chemically  united  (some  absorbed  N,  but  no  free  0, 
although  muscle  continually  absorbs  O  from  the  blood  passing  through  it 
(Z.  Hermann),  The  muscles  contain  a  substance  whose  decomposition  yields 
COa.  When  muscles  are  exercised,  this  substance  is  used  up  so  that  severely 
fatigued  muscles  yield  less  CO2  (JStinzing).  [All  muscles  have  not  the  same 
chemical  composition  (p.  442).] 

[The  extractives  of  muscle  are  divided  into — 

(A)  Nitrogenous,  e,g,y  Kreatin,  QH^NjO,  =  0.2  to  0.3  per  cent.  (This 
therefore  indicates  that  a  very  considerable  quantity  of  this  substance  (90  grams) 
must  exist  in  the  body,  seeing  that  the  muscles  make  up  nearly  one-half  of  the 
weight  of  the  body):  Kreatinin,  C4H7N3O;  Hypoxanthin,  C5H4N4O ;  Xanthin, 
QH,NA;  Uric  acid,  CjH^N.O, ;  Carnin,  QHsNA  +  H,0 ;  Urea,  CON,H,; 
Taurin ;  Inosinic  acid,  C,oHMN40n  j  Lecithin  (?)  which  may  be  derived  from 
the  nerve-fibres  in  muscle. 

(B)  Non-nitrogenous  ;  glycogen,  inosite,  fermentable  sugar,  lactic  acids, 
and  fats.] 

[Chemistry  of  Smooth  Muscle. — Smooth  muscle,  as  a  rule,  has  an  al- 
kaline or  neutral  reaction,  although  the  adductor  muscle  of  Anodonta,  which 
is  almost  constantly  in  action,  is  acid.  Smooth  muscles  pass  into  rigor  and 
become  acid.  A  spontaneously  coagulable  plasma  has  so  far  not  been  obtained, 
nor  has  myosin.  A  body  related  to  myosinogen  coagulating  at  45-49  C.  has 
been  obtained  by  Heidenhain.  Smooth  muscles  are  said  to  contain  alkali- 
albuminate  and  an  albumin  coagulating  at  75®  C.  (^Hammarsten).!^ 

294.  METABOLISM  IN  MUSCLE.— [In  living  muscle  we  have  to 
study  the  transformations  of  energy,  and  the  chemical  changes  on  which  these 
depend.  But  as  we  cannot  examine  the  chemical  changes  which  occur  donng 
a  contraction,  we  are  confined  to  a  study  of — 

(i)  The  composition  of  a  muscle  before  and  after  contraction,  and 
(2)  The  effect  of  contraction  on  the  medium  surrounding  or  pa^ng 
through  a  muscle. 

We  may  observe  the  effect  produced  by  a  muscle  upon  air  or  other  gases  to 
which  an  excised  muscle  is  exposed,  or  we  may  investigate  the  changes  which 
the  blood  undergoes  in  passing  through  a  muscle,  and  if  the  muscle  be  still  » 
situ,  the  effect  upon  the  general  excreta.  These  methods  may  be  applied  to 
muscle  in  various  conditions,  passive  or  active,  dead  or  dying,  to  excised  mus- 
cles or  those  still  under  normal  conditions.] 

I.  A  passive  muscle  continually  absorbs  a  certain  amount  of  O  from  the 
blood  flowing  through  its  capillaries  and  returns  a  certain  amount  of  CO5  to 
the  blood-stream.  The  amount  of  CO,  given  off  is  less  than  corresponds  to 
the  amount  of  O  absorbed.  Excised  muscles  freed  from  blood  exhibit  an 
analogous  but  diminished  gaseous  exchange.     As  an  excised  muscle  remaios 
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longer  excitable  in  O  or  in  air  than  in  an  atmosphere  free  from  O,  or  in  indif- 
ferent gases,  we  must  conclude  that  the  above-named  gaseous  exchange  is  con- 
nected with  the  normal  metabolism,  and  is  a  condition  on  which  the  life  and 
activity  of  the  muscle  depend.     Resting  living  muscles  also  exha]e  CO,. 

Perfusion  of  Blood. — If  a  living  muscle  be  excised  (dog),  and  if  blood  be  perfused  through 
its  blood-vessels,  the  amount  of  O  used  up  is,  within  pretty  wide  limits,  almost  independent  of 
temperature ;  if  the  variations  of  temperature  be  great,  it  rises  and  falls  with  the  temperature. 
The  CO,  given  off  by  muscular  tissue  (less  than  the  O  used  up)  falls  when  the  muscle  is 
cooled,  but  it  is  not  increased  when  the  muscle  is  subsequently  warmed  (Rubner). 

Putrefaction. — This  exchange  of  gases  must  be  distinguished  from  the  putrefactive  phenomena 
due  to  the  development  of  living  organisms  in  the  muscle.  These  putrefactive  phenomena  are 
also  connected  with  the  consumption  of  O  and  the  excretion  of  CO,  and  occur  soon  after  death 
(Z.  Nermann). 

II.  In  an  active  muscle  the  blood-vessels  are  always  dilated  (^Ludwig 
and  SczelkoWy  Gaskell) — a  condition  pointing  to  a  more  lively  material  exchange 
in  the  organ.  The  dilatation  of  the  blood-vessels  can  be  absorbed  microscopi- 
cally in  the  contracting  mylo-hyoid  muscle  of  the  frog.  If  tjie  motor-nerve 
passing  to  the  mylo-hyoid  muscle  be  stimulated,  either  with  or  without  the  use 
of  curare,  the  blood-vessels  dilate.  This  is  due  to  the  action  of  the  vaso-^iilator 
nerve-fibres  on  the  smooth  muscles  of  the  blood-vessels,  causing  them  to  relax. 
Hence  the  active  muscle  is  distinguished  from  the  passive  one  by  a  series  of 
chemical  transformations. 

1.  Reaction  of  Muscle. — The  neutral  or  feebly  alkaline  reaction  of  a 
passive  muscle  (also  of  the  non-striped  variety)  passes  into  an  acid  reaction 
during  the  activity  of  the  muscle,  owing  to  the  formation  of  paralactic  acid 
(-Z>«  Bois'Reymand,  1859) ;  the  degree  of  acidity  increases  up  to  a  certain  ex- 
tent, according  to  the  amount  of  work  performed  by  the  muscle  (^R.  Heiden- 
hain).  The  acidification  is  due,  according  to  Weyl  and  Zeitler,  to  the  phos- 
phoric acid  produced  by  the  decomposition  of  lecithin  and  (?  nuclein). 

It  is  doubtful  if  the  acidity  is  due  to  lactic  acid,  as  Warren  and  Astaschewsky  find  that  there 
is  less  lactic  add  in  the  active  than  in  the  passive  muscle.  Marcuse,  however,  supports  the  lactic 
acid  theory,  while  Moleschott  and  Battistini  agree  that  the  passive  muscle  contains  acid,  but  the 
fatigued  muscle  contains  more,  especially  of  phosphoric  acid  and  CO,. 

2.  Production  of  CO,. — An  active  muscle  excretes  considerably  more  CO, 
than  a  passive  one :  (a)  active  muscular  exertion  on  the  part  of  a  man  or  of 
animals  increases  the  amount  of  CO,  given  off  by  the  lungs  (§  126,  6)  j  (^) 
venous  blood  flowing  from  a  tetanized  muscle  of  a  limb  contains  more  CO,, 
more  CO,  being  formed  than  corresponds  to  the  O  which  has  simultaneously 
been  absorbed  i^Ludwtg  and  Sczeikow).  The  same  result  is  obtained  when 
blood  is  perfused  through  an  excised  muscle ;  (r)  an  excised  muscle  caused  to 
contract  excretes  more  GO,  (compare  §  368). 

3.  Consumption  of  Oxygen. — ^An  active  muscle  used  up  more  O — {a) 
when  more  muscular  work  is  done,  the  body  absorbs  much  more  O  (§  217) — 
even  4  to  5  times  as  much  {Regnault  and Retset)]  {b)  venous  blood  flowing  from  an 
active  muscle  of  a  limb  contains  less  O  (^Ludwigy  Sczeikow,  and  Ai.  Schmidf). 
Nevertheless,  the  increase  of  O  used  up  by  the  active  muscle  is  not  so  great  as 
the  amount  of  CO,  given  off  (z/.  Pettcnkofer  and  v.  Voit),  The  increase  of  O 
used  up  may  be  ascertained  even  during  the  period  of  rest  directly  following 
the  period  of  activity,  and  the  same  is  the  case  with  the  CO,  excreted  (v, 
I^rey), 

As  yet  it  is  not  possible  to  prove  by  gasometric  methods  that  O  is  used  up  in 
an  excised  muscle  free  from  blood.  Indeed,  the  presence  of  O  does  not 
seem  to  be  absolutely  necessary  for  the  activity  of  muscle  during  short  periods, 
as  an  excised  muscle  may  continue  to  contract  in  a  vacuum,  or  in  a  mixture  of 
gases  free  from  O,  and  no  O  can.  be   obtained  from  muscular  tissue  (Z. 
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Hermann),  A  frog's  muscles  rob  easily-reducible  substances  of  their  O;  they 
discharge  the  color  of  a  solution  of  indigo ;  muscles  which  have  rested  for  a 
time,  acting  less  energetically  than  those  which  have  been  kept  in  a  state  of 
continued  activity  {Griitznery  Gscheidlen), 

[The  following  table  quoted  by  Halliburton  shows  the  consumption  of  oxygen 
and  the  elimination  of  CO2  by  living  and  rigid  muscles,  and  that  although  the 
O  absorbed  is  nearly  identical  in  amount,  the  CO2  given  off  is  greatly  increased 
by  the  onset  of  rigor  and  by  contraction — 

Oxygen  absorbed  CO,  given  off 
Living  muscle,                        18  per  cent.  8  per  cent. 

Rigid  muscle,  16      "  16      " 

Muscle  at  rest,  6      "  i       ** 

Tetanized  muscle,  8      **  9      " 

The  same  result  is  shown  by  an  analysis  of  the  blood  after  being  perfused 
through  passive  and  active  surviving  muscles  (^Ludwig  and  Schmidt)  : — 

Venous  Uood.  O  less  than  arterial  blood.  CO,  more  than  arterial  blood. 

Muscle  at  rest,  9.0    per  cent.  6.7  per  cent. 

^uscle  in  action,  12.26      "  10.8      "         ] 

4.  Glycogen. — The  amount  of  glycogen  (0.43  per  cent,  in  the  muscles  of  a 
frog  or  rabbit)  and  grape-sugar  is  diminished  in  an  active  muscle  ((?.  Nasu, 
Weiss)^\>MX.  muscles  devoid  of  glycogen  do  not  lose  their  excitability  and  con- 
tractility. Hence  glycogen  is  certainly  not  the  direct  source  of  the  energy  in 
an  active  muscle.  Perhaps  it  is  to  be  sought  for  in  an  as  yet  unknown  decern* 
position-product  of  glycogen  {Luchsinger),  [There  is  more  glycogen  in  the  red 
than  in  the  pale  muscles  of  a  rabbit.] 

[The  question  as  to  whether  the  glycogen  of  muscle  is  carried  from  the  liver  by  the  bbod^ 
stream  to  the  muscles,  or  whether  it  is  formed  in  the  muscles  themselves,  has  been  answered  b 
various  ways.  Ktilz  observed  in  frogs  whose  livers  were  removed,  that  the  amount  of  glycoffs 
in  the  muscles  increased  after  subcutaneous  injection  of  sugar.  The  muscles  also  retain  tber 
glycogen  for  a  longer  time  than  does  the  liver  during  starvation.  These  facts  indicate  that  tk 
glycogen  is  formed  in  the  muscles  themselves.  The  normal  circulation  b  one  of  the  cooditioH 
for  glycogenesis  of  muscle,  for  ligature  of  all  the  vessels  of  a  muscle  is  followed  by  dinanffikB 
of  its  glycogen.] 

[The  muscle-glycogen  is  not  so  rapidly  used  up  during  starvation  as  that  of 
the  liver  (p.  327).  It  is  undoubtedly  diminished  during  muscular  work. 
Although  removal  of  the  liver  diminishes  the  muscle-glycogen,  this  does  not 
prove  that  the  muscle-glycogen  is  derived  from  the  hepatic  glycogen.  Secucc 
of  a  motor  nerve  to  a  muscle  results  in  an  accumulation  of  the  glycogen  in  tbe 
muscle.] 

5.  Extractives. — An  active  muscle  contains  less  extractive  substances  solo- 
ble  in  water,  but  more  extractives  soluble  in  alcohol  {v.  Helmholtz^  1S45);  '' 
also  contains  less  of  the  substances  which  form  CO,  (Ranke) ;  less  fatty  ack5* 
(Sczelkow^ ;  less  kreatin  and  kreatinin  {v,  Voit), 

6.  During  contraction,  the  amount  of  water  in  the  muscular  tissue  increases^ 
while  that  of  the  blood  is  correspondingly  diminished  (yi  Ranke).  The  sM 
substances  of  the  blood  are  increased,  while  they  (albumin)  are  diminished  ic 
the  lymph  {Fand). 

7.  Urea. — The  amount  of  urea  excreted  from  the  body  is  not  materially 
increased  during  muscular  exertion  (v,  Voity  Fick,  and  Wislicenus).  Acccffd- 
ing  to  Parkes,  however,  although  the  excretion  of  urea  is  not  increased  imme- 
diately, yet  after  i  to  iJ5^  day  there  is  a  slight  increase.  The  amount  of  work 
done  cannot  be  determmed  from  the  amoimt  of  albumin  which  is  changed  into 
urea. 

[Relation  of  Muscular  Work  to  Urea. — Ed.  Smith,  Parkes,  and  others  have  made 
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ous  investigations  on  this  subject.  Fick  and  Wislicenos  f  1866)  ascended  the  Faulhom, — one  of 
the  Swiss  Alps,  1956  metres  high.  The  actual  amount  of  energy  expended  in  the  form  of  muscu* 
lar  movement  was  obtained  by  multiplying  the  body- weight  of  each  experimenter  by  the  height 
which  each  climbed.  This  in  the  case  of  Fick  was  66  kilos,  x  1956  =  129,096  kilogrammetres, 
and  that  of  Wislicenus  was  76  X  1956  =  148,656  kilogrammeters.  On  calculating  the  amount  of 
energy  obtainable  from  the  decomposition  of  all  the  albuminous  material  used  up,  this  only  gave 
66,690  kilogrammetres  for  Fick  and  68,376  for  Wislicenus,  i.^.,  only  about  the  half  of  the  energy 
expended.  It  was  plain,  therefore,  that  the  proteids  were  not  the  sole  source  of  the  energy 
expended,  and  also  that  the  quantity  of  urea  excreted  was  not  in  pro{X)rtion  to  the  work  done. 
For  seventeen  hours  before  and  for  six  hours  after  the  ascent  no  proteid  food  was  taken — the 
diet  consisting  of  cakes  made  of  fat,  sugar,  and  starch.  The  urine  was  collected  in  three  periods 
as  follows: — 


Fick. 


I  I.     Urea  of  11  hours  before  the  ascent,  . 
I  2.         "  8    «      during 

3.         •*  6    "      after 


« 

1  


238.55  grs. 
109.44    "      \    ,Qo-., 
80.33    "     I  ^89.77 


Wislicenus. 


221.05  g^- 
103.46    «     \     « 
79.89    «     /  ^^3-^5 


A  hearty  meal  was  taken  after  this  period,  and  the  urine  of  the  next  eleven  hours  after  the 
period  of  rest  contained  159.15  grains  of  urea  (^*Vi),  and  176.71  (PVisHcenus).  All  the  experi- 
ments go  to  show  that  the  amount  of  urea  excreted  in  the  urine  is  far  more  dependent  upon  the 
nitrogen  ingested,  i.^.,  the  nature  of  the  food,  than  upon  the  decomposition  of  the  muscular 
substance.  A  vegetable  diet  diminishes,  while  an  animal  diet  greatly  increases,  the  amount  of 
urea  in  the  urine.  North's  researches  confirm  those  of  Parkes,  but  he  finds  that  the  disturbance 
produced  by  severe  muscular  labor  is  considerable.  The  elimination  of  phosphates  is  not 
affected,  while  the  sulphates  in  the  urine  are  increased.] 

According  to  Argutinsky,  who  conducted  his  expariments  under  PflUger's  direction,  increased 
muscular  exertion  (mountain  climbing)  causes  a  considerable  increase  in  the  elimination  of  N 
by  the  urine,  which  may  last  for  three  days.  On  calculating  from  the  increased  amount  of  N  the 
amount  of  albumin  that  must  have  been  decomposed  in  the  body  during  the  increased  work- 
period,  it  was  found  that  a  very  considerable  amount  of  the  work  must  have  been  due  to  the 
decomposition  of  proteids.  J.  Munk,  however,  challenges  the  correctness  of  these  results  on  the 
ground  that  the  experimenter  was  not  in  a  satisfactory  condition  as  regards  nutrition. 

During  the  activity  of  a  muscle,  all  the  groups  of  the  chemical  substances 
present  in  muscle  undergo  more  rapid  transformations  (y.  Ranke).  It  is  still  a 
matter  of  doubt,  therefore,  whether  we  may  assume  that  the  kinetic  energy  of  a 
muscle  is  chiefly  due  to  the  transformation  of  the  chemical  energy  of  the  carbohy- 
drates which  are  decomposed  or  used  up  in  the  process  of  contraction.  As  yet 
we  do  not  know  whether  the  glycogen  is  supplied  by  the  blood-stream  to  the 
muscles,  perhaps  from  the  liver,  or  whether  it  is  formed  within  the  muscles 
themselves  from  some  unknown  derivative  of  the  proteids.  The  normal  circu- 
lation is  certainly  one  of  the  conditions  for  the  formation  of  glycogen  in 
muscle,  as  glycogen  diminishes  after  ligature  of  the  blood-vessels  (  Chandelan),  A 
muscle  in  which  the  blood  circulates  freely  is  capable  of  doing  more  work  than 
one  devoid  of  blood,  and  even  in  the  intact  body,  more  blood  is  always  sup- 
plied to  the  contracted  muscles. 

S Sources  of  Muscular  Energy. — ^The  experiment  of  Fick  and  Wislicenus 
nitely  proved  that  the  proteids  are  not  the  exclusive,  or  by  any  means  the 
chief,  source  of  muscular  energy.  As  it  is  conclusively  proved  that  during 
muscular  work  there  is  a  great  increase  in  the  amount  of  O  absorbed,  and  CO2 
given  off,  it  is  evident  that  the  non-nitrogenous  substances  of  the  food  must  be 
the  chief  sources  of  this  energy.  We  turn  naturally  to  the  carbohydrates,  and 
as  the  latter  are  chiefly  stored  up  in  the  form  of  glycogen  in  the  muscles,  it  is  as- 
sumed that  glycogen  is  the  chief  source  of  the  energy.  Glycogen  in  muscle  dimin- 
ishes during  muscular  work,  and  is  stored  up  during  rest  {Bernard^,  Kiilz  also 
found  that  in  dogs  the  glycogen  disappears  from  the  liver  during  work,  and 
Voit  found  that  the  muscle-glycogen  disappears  before  that  in  the  liver.  But 
frog's  muscles  still  contract,  and  do  work,  although  they  may  contain  no  gly- 
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cogen.  It  appears,  therefore,  that  the  carbohydrates  are  a  source  of  muscular 
energy.  But  they,  again,  are  not  the  only  source.  It  is  highly  probable  that 
glycogen  can  be  formed  from  proteids,  and  it  is  allowable,  therefore,  to  assume 
i\i2X  proteids  may  also  serve  as  a  source  of  muscular  energy.  If  this  be  not  so, 
it  is  difficult  to  understand  how  carnivora  can  be  fed  and  maintained  in  good 
health  for  long  periods  on  lean  flesh.  The  fats  are  probably  also  another  source. 
Hence  it  would  appear  that  all  three  of  the  chief  groups  of  food-stuffs — carbo- 
hydrates, proteids,  and  izXs-r-may  serve  as  the  source  of  muscular  energy  ;  bat 
that,  so  long  as  non-nitrogenous  elements  are  supplied  in  the  food  in  sufficient 
quantity,  or  are  stored  up  in  the  body,  the  muscles  do  their  work  chiefly  on 
these.     After  they  are  used  up,  the  proteids  are,  as  it  were,  called  up.] 

[The  metabolism  of  muscle  appears  to  be  regulated  by  the  central  oervous 
system  {Pfluger,  Zuntz),  Even  when  at  rest  in  the  ordinary  sense,  /.  ^.,  when 
the  muscles  are  not  doing  any  mechanical  work,  the  muscle  is  in  a  condition 
which  Zuntz  and  Rohrig  have  called  ''chemical  tonus.'*  It  appears  to  be  a 
reflex  tonus,  so  that  it  can  be  set  aside  by  severing  the  connection  between  the 
muscle  and  the  central  nervous  system,  and  this  may  be  done  either  by  sectioo 
of  the  motor  nerve,  or  by  the  action  of  curare.] 

295. — RIGOR  MORTIS. — Cause. — Excised  striped,  or  smooth  mosdcs, 

and  also  the  muscles  of  an  intact  body,  at  a  certain  time  after  death,  pass  into 
a  condition  of  rigidity — cadaveric  rigidity  or  rigor  mortis.  When  all  the 
muscles  of  a  corpse  are  thus  aflected,  the  whole  cadaver  becomes  completely 
stiff  or  rigid.  The  cause  of  this  phenomenon  depends  upon  the  spcmtaneoas 
coagulation  of  a  proteid,  viz.,  the  myosin  within  the  sarcolemmas  of  the  mus- 
cular fibres  (^KUhne),  Under  certain  circumstances  the  coagulation  of  the 
other  proteids  of  the  muscle  may  increase  the  rigidity.  During  the  process  of 
coagulation,  an  acid  is  formed,  heat  is  set  free  (v.  Walther^  JFick — §  223;, 
owing  to  the  passage  of  the  fluid  myosin  into  the  solid  condition,  and  also  to 
the  simultaneous  and  subsequently  increased  density  of  the  tissue. 

Properties  of  a  Muscle  in  Rigor  Mortis. — It  is  shorter,  thicker,  and 
somewhat  denser  {SchmulewiiscK) ;  stiff,  compact,  and  solid ;  turbid  and 
opaque  (owing  to  the  coagulation  of  the  myosin) ;  incompletely  elastic,  less 
extensible,  and  more  easily  torn  or  ruptured ;  it  is  completely  inexcitable  to 
stimuli ;  the  muscular  electrical  current  is  abolished  (or  there  is  a  slight  current 
in  the  opposite  direction),  [a  dead  muscle  is  negatively  electrical  to  a  living 
one],  its  reaction  is  acid^  owing  to  the  formation  of  both  forms  of  lactic  acid 
r§  293),  and  glycero-phosphoric  acid  (JDiakanaw)  ;  while  it  also  develops  free 
COs.  When  an  incision  is  made  into  a  rigid  muscle,  a  fluid,  the  muscle-seratD, 
appears  spontaneously  in  the  wound  (§  293). 


The  first  formed  lactic  acid  converts  the  salts  of  the  muscle  into  acid  salts ;  thus,  potaa 
lactate  and  acid  potassium  phosphate  are  fonned  from  potassium  phosphate.     The  kkctk  adl 
which  is  formed  thereafter,  remains  free  and  ununited  in  the  muscle. 

Amount  of  Qlycogen. — The  newest  observations  of  BOhm  are  against  the  view  that,  dnniic 
rigor  mortis,  a  partial  or  complete  transformation  of  the  glycogen  into  sugar  and  then  into  lacbc 
acid  takes  place.  During  digestion,  a  temporary  storage  of  glycogen  occurs  in  the  masdcs  » 
well  as  in  the  liver,  so  that  about  as  much  is  found  in  the  muscles  as  in  the  liTer.  ThcRb 
no  diminution  of  the  glycogen  when  rigidity  takes  place,  provided  putrefaction  be  prevented ;  so 
that  the  lactic  acid  of  rigid  muscles  cannot  be  formed  from  glycogen,  but  more  probebiy  it  s 
formed  from  the  decomposition  of  the  albuminates  (Demantf  Bdhm). 

The  amount  of  acid  does  not  vary,  whether  the  rigidity  occurs  rapidly  or  slowly  (yi  Ji^mkr] ; 
when  acidification  begins,  the  rigidity  becomes  more  marked,  owing  to  the  coagnladcm  of  tbe 
alkali-albuminate  of  the  muscle.  Less  CO,  is  formed  from  a  rigid  muscle  the  more  CX),  it  bts 
given  off  previously,  during  muscular  exertion.  A  rigid  muscle  gives  off  N,  and  absorbs  O.  I> 
a  cadaveric  rigid  muscle,  fibrin-ferment  is  present  (AL  Schmidt  and  others).  It  seems  to  be  a 
product  of  protoplasm,  and  is  never  absent  where  tnis  occurs  (Rausch^nbiuh),  [The  myoiia- 
ferment  seems  not  to  be  identical  with  the  fibrin-ferment  (p.  591 ).] 
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[Rigor  Mortis  and  Coagulation  of  Blood. — Thus  there  is  a  marked 
analogy  between  the  coagulation  of  the  blood  and  that  of  muscle.  In  both 
cases,  a  fluid  body  yields  a  solid  body,  fibrin  from  blood,  and  myosin  from 
muscle ;  the  coagulation  of  blood  is  prevented  by  neutral  salts,  and  so  is  the 
coagulation  of  myosin  ;  dilution  of  the  salted  plasma  produces  coagulation  in 
both  cases ;  and  perhaps  the  coagulation  in  both  is  due  to  the  action  of  a  fer- 
ment, the  one  the  fibrin-ferment,  the  other  the  myosin -ferment.  There  are, 
however,  pK)ints  of  difference,  for  myosin  can  be  dissolved,  reprecipitated,  and 
coagulated  several  times,  while  fibrin  does  not  undergo  recoagulation ;  the  for- 
mation of  myosin  from  myosinogen,  again,  is  accompanied  by  the  development 
of  an  acid,  whereas  that  of  fibrin  from  fibrinogen  is  not ;  further,  the  formation 
of  myosin  is  not  accompanied  by  the  formation  of  another  globulin,  whereas 
that  of  fibrin  from  fibrinogen  is.  J 

Stages  of  Rigidity. — ^Two  stages  are  recognizable  in  cadaveric  muscles :  In 
the  first  stage,  the  muscle  is  rigid,  but  still  excitable;  in  this  stage  the  myosin 
seems  to  be  in  a  jelly-like  condition.  Restitution  is  still  possible  during  this 
stage.  In  the  second,  stage,  the  rigidity  is  well  pronounced,  with  all  the 
phenomena  above  mentioned. 

The  onset  of  the  rigidity  varies  in  man  from  ten  minutes  to  seven  hours 
[but  as  a  rule  it  is  complete  within  four  to  six  hours  after  death.  The  muscles 
of  the  jaws  are  first  affected,  then  those  of  the  neck  and  trunk,  afterwards  (as  a 
rule)  the  lower  limbs,  and  finally  the  upper  limbs].  Its  duration  is  equally 
variable — one  to  six  days.  After  the  cadaveric  rigidity  has  disappeared,  the 
muscles,  owing  to  further  decompositions  and  an  alkaline  reaction,  become  soft, 
and  the  rigidity  disappears  (Nysten).  The  onset  of  the  rigidity  is  always  pre- 
ceded by  a  loss  of  nervous  activity.  Hence,  the  muscles  of  the  head  and  neck 
are  first  affected,  and  the  other  muscles  in  a  descending  series  (§  352).  Disap- 
pearance of  the  rigidity  occurs  first  in  the  muscles  first  affected  {Nysfen),  Great 
muscular  activity  before  death  {e.g,y  spasms  of  tetanus,  cholera,  strychnin,  or 
opium  poisoning)  causes  rapid  and  intense  rigidity ;  hence,  the  heart  becomes 
rigid  relatively  rapidly,  and  strongly.  Hunted  animals  may  become  affected 
within  a  few  minutes  after  death.  Usually  the  rigidity  lasts  longer  the  later  it 
occurs.  Rigidity  does  not  occur  in  a  foetus  before  the  seventh  month  of  intra; 
uterine  life.  A  frog's  muscle  cooled  at  o?  C.  does  not  begin  to  exhibit  cadav- 
eric rigidity  for  four  to  seven  days. 

Stenson's  Experiment. — The  amount  of  blood  in  a  muscle  has  a 
marked  effect  upon  the  onset  of  the  rigidity.  Ligature  of  the  muscular  arteries 
causes  at  first  in  all  mammals  an  increase  of  the  muscular  excitability,  and  then 
a  rapid  fall  of  the  excitability  (SchmulewitscK)  \  thereafter  stiffness  occurs,  the 
one  stage  following  closely  upon  the  other  {Swammerdam,  Nic.  Stenson^  1667). 
[If  the  ligature  be  removed  in  the  first  stage,  the  muscle  recovers,  but  in  the 
later  stages  the  rigidity  is  permanent.]  If  the  artery  going  to  a  muscle  be 
ligatured,  Stannius  observed  that  the  excitability  of  the  motor  nerves  disap- 
peared after  an  hour,  that  of  the  muscular  substance  after  four  to  five  hours, 
and  then  cadaveric  rigidity  set  in. 

Pathological. — When  the  blood-vessels  of  a  muscle  are  occluded,  by  coagulation  taking 
place  within  them,  rigidity  of  the  muscles  is  produced  (J  102).  True  cadaveric  rigidity  may  be 
produced  by  too  tight  bandaging;  the  muscles  are  paralyzed,  rigid,  and  break  up  into  flakes, 
while  the  contents  of  the  fibre  are  afterwards  absorbed  (i?.  Volkmann).  Occlusion  of  the  blood- 
vessels of  muscles  by  infarcts,  especially  in  persons  with  atheromatous  arteries,  may  even  cause 
necrosis  of  the  muscles  implicated  {Finchj  Girandeau),  In  a  completely  anaemic  limb,  the 
sensory  nerves  are  still  excitable  for  5-10  hours  (S/e/ant). 

If  the  circulation  be  re-established  during  the  first  stage  of  the  rigidity, 
the  muscle  soon  recovers  its  excitability  {Stannius).     When  the  second  stage 
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has  set  in,  restitution  is  impossible  (^Kuhne),  In  cold-blooded  animals,  cada- 
veric rigidity  does  not  occur  for  several  days  after  ligaturing  the  blood-vcssek 
Brown-S6quard,  by  injecting  fresh  oxygenated  blood  into  the  blood-vessels, 
succeeded  in  restoring  the  excitability  of  the  muscles  of  a  human  cadaver  four 
hours  after  death,  /.  ^.,  during  the  first  stage  of  cadaveric  rigidity.  Ludwig 
and  Al*.  Schmidt  found  that  the  onset  of  cadaveric  rigidity  was  greatly  retarded 
in  excised  muscles,  when  arterial  blood  was  passed  through  their  blood-vessels. 
Blood  deprived  of  its  O  did  not  produce  this  effect.  Cadaveric  rigidity occars 
relatively  early  after  severe  hemorrhage.  If  a  weak  alkaline  fluid  be  perfused 
through  the  blood-vessels  of  the  dead  muscles  of  a  frog,  cadaveric  rigidity  is 
prevented  {Schipiioff). 

Section  of  Nerves. — Preliminary  section  of  the  motor  nerves  causes 
a  later  onset  of  the  rigidity  in  the  corresponding  muscles  {^Brown-Sequari, 
Heineke).  [The  same  result  occurs  after  a  hemi-section  of  the  spinal-cord  or 
after  removal  of  one  cerebral  hemisphere  (^Bier/reundy]  In  fishes,  whose 
medulla  oblongata  is  suddenly  destroyed,  cadaveric  rigidity  occurs  much  more 
slowly  than  in  those  animals  that  die  slowly  {Blane). 

[Other  Influences. — Rigidity  begins  much  later  in  the  red  (11  to  15  hours)  than  b  ptk 
muscles  (i  to  3  hours  post-mortem);  the  rigor  is  complete  in  the  white  muscles  in  10  to  u 
hours,  in  the  red  in  52  to  58  hours.  The  extent  of  shortening  due  to  the  rigor  is  2  to  2^  ouks 
as  great  as  in  the  white.  In  both  muscles  the  resolution  of  the  rigor  begins  12  to  15  hours  after 
the  completion  of  the  rigidity,  so  that  the  red  muscles  are  not  completely  rigid  before  the  otkr 
muscles  appear  to  have  passed  from  a  state  of  rigidity.  Temperature  has  a  marked  efiect,  buz  c 
acts  more  on  the  resolution  than  on  the  onset  of  the  rigor.  At  60°  C.  the  onset  begins  almos 
at  once,  and  is  complete  in  a  few  minutes  (Bier/reund).  Ether  and  chloroform  injected  imo 
the  blood-vessels  cause  almost  instantaneous  rigor  (JCussmaul)  ] 

Rigidity  may  be  produced  artificially  by  various  reagents : — 

1.  Heat  ["  Heat-stiffening"]  causes  the  myosin  to  coagulate  at  40'' C. 
in  cold-blooded  animals,  in  birds  about  53**  C,  and  in  mammals  at  48**  to  50^ 
C.  The  protoplasm  of  plants  and  animals,  e,  g,,  of  the  amoeba,  is  coagubded 
by  heat,  giving  rise  to  heat-rigor. 

Schmulewitsch  found  that  the  longer  a  muscle  had  been  excised  from  the  body,  the  gitf^ 
was  the  heat  required  to  produce  stiffening.  Heat-stiffening  differs  from  cadareric  i^idky 
thus:  a  13  per  cent,  solution  of  ammonium  chloride  dissolves  out  the  myosin  from  a  cadavoic 
rigid  musde,  but  not  from  one  rendered  rigid  by  heat  {Schipiloff\  If  the  rigid  cadtvok 
muscles  of  a  frog  be  heated,  another  proteid  coagulates  at  45^,  aiKl  lastly  at  75**  the  sens- 
albumin  itself.     Hence,  both  processes  together  make  the  muscle  more  rigid  (2  295). 

2.  When  a  muscle  is  saturated  with  distilled  ivater  it  produces  ''water- 
stiffening  ** — an  acid  reaction  being  developed  at  the  same  time. 

Muscles  rendered  stiff  by  water  still  exhibit  electromotive  phenomena,  while  nmscles  icsdcrec 
rigid  by  other  meant  do  not  (BitdermaHn).  If  the  upper  limb  of  a  frog  be  ligatured,  depmtd 
of  its  skin,  and  dipped  in  warm  water,  it  becomes  rigid.  If  the  ligature  be  removed  and  tlie 
circulation  re-established,  the  rigidity  may  be  partially  set  aside.  If  there  be  w^-mai^ei 
rigidity,  it  can  only  be  set  aside  by  placing  die  limb  in  a  10  per  cent,  solution  of  f^^mmnn  sik. 
which  dissolves  the  coagulum  of  myosin  {^Preyer), 

3.  Acids,  even  CO,  rapidly  produce  *•  acid-stiffening,*'  which  is  probably 
different  from  ordinary  stiffening,  as  such  muscles  do  not  evolve  any  free  CO, 
(Z.  Hermann).  The  injection  of  o.i  to  0.2  per  cent,  solutions  of  lactic  or 
hydrochloric  acid  into  the  muscles  of  a  frog  produces  stiffening  at  once,  which 
may  be  set  aside  by  injecting  0.5  per  cent,  solution  of  an  acid,  or  by  asohitioa 
of  soda,  or  by  15  per  cent,  solution  of  ammonium  chloride.  The  acids  fona 
a  compound  with  myosin  {Schipiloff),  [The  stiffening  produced  by  acids  and 
hot  water  is  quite  different  from  the  sp>ontaneoiis  rigor  occurring  after  death]. 

4.  Freezing  and  thaiving  a  part  alternately  rapidly  produce  stiffeDiog : 
and  it  is  aided  by  mechanical  injuries. 
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Poisons. — Rigor  mortis  is  favored  by  quinine,  caffein,  digiulin  [a  concentrated  solution  of 
cafletn  or  digitalin,  applied  to  the  muscle  of  a  frog,  produces  rigor  mortis],  veratrin,  hydrocyanic 
acid,  ether,  chloroform,  the  oils  of  mustard,  fennel,  and  aniseed ;  direct  contact  of  muscular 
tissue  with  potassium  sulphocyanide  (Bernard,  Setickenow\  ammonia,  alcohol,  and  metallic 
salts. 

Position  of  the  Body. — The  attitude  of  the  body  during  cadaveric  rigidity  is  generally  that 
occupied  at  death ;  the  position  of  the  limbs  is  the  result  of  the  varying  tensions  of  the  dinerent 
muscles.  During  the  occurrence  of  rigor  mortis,  a  limb,  or  more  frequently  the  arm  and  fingers, 
may  move  i^Sommer),  Thus,  if  stiffening  occurs  rapidly  and  firmly  in  certain  groups  of  muscles, 
this  may  produce  movements,  as  is  sometimes  seen  m  cholera.  If  cadaveric  rigidity  occurs  very 
rapidly,  the  body  may  occupy  the  same  position  which  it  did  at  the  moment  of  death,  as  some- 
times happens  on  the  battle-field.  In  these  cases  it  does  not  seem  that  a  contracted  condition  of 
the  muscle  passes  at  once  into  rigor  mortis ;  but  between  these  two  conditions,  according  to 
Brflcke,  there  is  always  a  very  short  relaxation. 

Muscles  which  have  been  plunged  into  boiling  water  do  not  undergo  rigor  mortis,  neither  do 
they  become  acid  (/>«  Bois-Reymond),  nor  evolve  free  CO,  (Z.  Hermann), 

Work  done  during  Rig^idity. — A  muscle  in  the  act  of  becoming  stiff  will  lift  a  weight,  but 
the  height  to  which  it  is  lifted  is  greater  with  small  weights,  less  with  heavier  weights,  than 
when  a  living  muscle  is  stimulated  with  a  maximal  stimulus. 

Analogy  between  Contraction  and  Rigidity. — L.  Hermann  has  drawn 
attention  to  the  analogy  which  exists  between  a  muscle  in  a  state  of  contraction 
and  one  in  a  state  of  cadaveric  rigidity — both  evolve  CO,  and  the  other  acids 
from  the  same  source ;  [both  acts  take  place  without  the  consumption  of  O]. 
The  form  of  the  contracted  and  of  the  stiffened  muscles  is  shorter  and  thicker ; 
both  are  denser,  less  elastic,  and  evolve  heat;  in  both  cases  the  muscular  con- 
tents behave  negatively  as  regards  their  electromotive  force,  in  reference  to  the 
unaltered,  living,  resting  substance.  Hence  he  is  inclined  to  regard  a  muscular 
contraction  as  a  temporary,  physiological,  rapidly  disappearing  rigor.  Rigor 
mortis  is  in  a  certain  sense  the  last  flickering  act  of  a  living  muscle,  [and  he 
regards  contraction  as  partial  death  of  a  muscle.  But  this  is  no  explanation, 
and  moreover  there  are  important  points  of  difference.  We  have  no  proof  of 
a  coagulum  being  formed  during  contraction,  while  the  extensibility  is  increased 
during  contraction  and  much  diminished  during  rigor.] 

Disappearance  of  Rigidity. — When  rigor  mortis  passes  off,  there  is  a 
considerable  amount  of  acid  formed  in  the  muscle,  which  dissolves  the  coagu- 
lated myosin.  After  a  time  putrefaction  sets  in,  accompanied  by  the  presence 
of  micro-organisms  and  the  evolution  of  ammonia  and  putrefactive  gases  (H,S, 
N>  COa — §  184).  [Hermann  and  Bierfreund  attach  much  importance  to  the 
resolution  of  rigor  mortis  independently  of  putrefaction.] 

According  to  Onimus,  the  loss  of  excitability  which  precedes  the  onset  of  rigor  mortis 
occurs  in  the  following  order  in  man :  left  ventricle,  stomach,  intestine  (55  minutes) ;  urinary 
bladder,  right  ventricle  (60  min.) ;  iris  (105  min.) ;  muscles  of  face  and  tongue  (180  min.) ;  the 
extensors  of  the  extremities  (about  one  nour  before  the  flexors) ;  the  muscles  of  the  trunk  (Ave 
to  six  hours).    The  oesophagus  remains  excitable  for  a  long  time  (2  325). 

096.  MUSCULAR  EXCITABILITY.— By  the  term  excitability  or 
irritability  of  a  muscle  is  meant  that  property  of  a  muscle  in  virtue  of  which 
it  responds  to  stimuli,  at  the  same  time  becoming  shorter  and  correspondingly 
thicker.  The  condition  of  excitement  is  the  active  condition  of  a  muscle  pro- 
duced by  the  application  of  stimuli,  and  is  usually  indicated  by  the  act  of  con- 
traction. Stimuli  are  simply  various  forms  of  energy,  and  they  throw  the 
muscle  into  a  state  of  excitement,  while  at  the  moment  of  activity  the  chemical 
energy  of  the  muscle  is  transformed  into  work  and  heat,  so  that  stimuli  act  as 
••liberating"  or  ''discharging  forces."  [These  "discharging  forces" 
may  themselves  be  very  feeble,  but  they  are  capable  of  causing  the  manifesta- 
tion of  the  transformation  of  a  large  amount  of  energy.]  The  normal  tem- 
perature of  the  body  is  most  favorable  for  maintaining  the  normal  muscular 
excitability ;  the  excitability  varies  as  the  temperature  rises  or  falls. 
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As  long  as  the  blood -stream  within  a  muscle  is  uninterrupted,  the  fixst 
effect  of  stimulation  of  a  muscle  is  to  increase  its  energizing  pK>wer,  partly  be- 
cause the  circulation  is  more  lively  and  the  blood-vessels  are  dilated,  but  after  a 
time,  the  energizing  power  is  diminished.  Even  in  excised  muscles,  espe- 
cially when  the  large  nerve-trunks  have  already  lost  their  excitability,  the 
excitability  is  increased  after  a  stimulus,  so  that  the  application  of  a  series  of 
stimuli  of  the  same  strength  causes  a  series  of  contractions  which  are  greater 
than  at  first  (  Wundt),  Hence,  we  account  for  the  fact  that,  although  the  fiist 
feeble  stimulus  'may  be  unable  to  discharge  a  contraction,  the  second  may,  be- 
cause the  first  one  has  increased  the  muscular  excitability  (^Fick). 

Effects  of  Cold. — If  the  muscles  of  a  frog  or  tortoise  be  kept  in  a  cool  place,  tbey  may 
remain  excitable  for  ten  days,  while  the  muscles  of  warm-blooded  animals  cease  to  be  exckable 
after  one  and  a  half  to  two  and  a  half  hours.  (For  the  heart,  see  {  55.)  A  muscle,  when  stimn- 
lated  directly^  always  remains  excitable  for  a  longer  time  when  its  motor  nenre  is  already  dead. 
Muscles  just  beginning  to  become  dry  exhibit  excessive  irritability. 

[Independent  Muscular  Excitability. — Since  the  time  of  Albrecht  v. 
Haller,  and  R.  Whytt,  physiologists  have  ascribed  to  muscle  a  condition  of 
excitability  which  is  entirely  independent  of  the  existence  of  motor  nerves, 
but  is  dependent  on  certain  constituents  of  the  sarcous  substance.  Excitability, 
or  the  property  of  responding  to  a  stimulus,  is  a  widely-distributed  function  of 
protoplasm  or  its  modifications.  A  colorless  blood-corpuscle  or  an  amoeba  is 
excitable,  and  so  are  secretory  and  nerve-cells.  In  the  first  case,  the  applica- 
tion of  a  stimulus  results  in  motion  in  an  indefinite  direction,  in  the  second  in 
the  formation  of  a  secretion,  and  in  the  third  in  the  discharge  of  nerve-energy. 
In  the  case  of  muscle,  a  stimulus  causes  movement  in  a  definite  direction,  called 
a  contraction,  and  depending  on  the  contractility  of  the  sarcous  substance. 
There  are  many  considerations  which  will  show  that  excitahility  is  independent  cf 
the  nervous  system^  although  in  the  higher  animals,  nerves  are  the  usual  mediuni 
through  which  the  excitability  is  brought  into  action.  Plants,  however,  are 
excitable,  and  they  contain  no  nerves.] 

Numerous  experiments  attest  the  "  independent  excitability  "  of  muscle: 
I.  There  are  chemical  stimuli,  which  do  not  cause  movement  when  applied  to 
motor  nerves,  but  do  so  when  they  are  applied  directly  to  muscle  ;  ammonia, 
lime  water,  carbolic  acid.  3.  The  ends  of  the  sartorius  of  the  firog,  in  which 
no  nerve-terminations  (fig.  387^  are  observable  by  means  of  the  microscope,  con- 
tract when  they  are  stimulated  directly  {KUhne).  3.  Curare  paralyzes  the  ex- 
tremities of  the  motor  nerves,  while  the  muscles  themselves  remain  excitable 
(C7.  Bernard,  KolUker),  The  action  of  cold,  or  arrest  of  the  blood-sufpfy  in  ao 
animal,  abolishes  the  excitability  of  the  nerves,  but  not  of  the  muscles  at  the 
same  time.  4.  After  section  of  its  nerve,  a  muscle  still  remains  excitable, 
even  after  the  nerves  have  undergone  fatty  degeneration  {BrownS^quard^ 
Bidder^,  5.  Sometimes  electrical  stimuli  act  only  upon  the  nerves  and  not 
upon  the  muscle  itself  {Briicke).  [6.  The  foetal  heart  contracts  rhylhmicallf 
before  any  nervous  structures  are  discoverable  in  it.] 

[The  Action  of  Curare. — Curare,  woorali,  urari,  or  Indian  arrow-poison  of  South  Amenci, 
is  the  inspissated  juice  of  the  Strychnos  crevauxi.  A  watery  extract  of  the  drug,  when  injected 
under  the  skin  or  into  the  blood  of  an  animal,  acts  chiefly  upon  the  motor  nerve- endings  s&d 
does  not  affect  the  muscular  contractility.  An  active  substance,  curarin,  has  been  is<^ated  ftcn 
it  (p.  604).  Poison  a  frog  by  injecting  a  few  milligrammes  into  the  dorsal  Ijrmph-sac.  In  a  fev 
minutes  after  the  poison  is  absorbed,  the  animal  ceases  to  support  itself  on  its  fore-limbs ;  k  Ees 
flat  on  the  table,  its  limbs  are  paralyzed,  and  so  are  the  respiratory  movements  in  the  tfarool 
When  completely  under  the  action  of  the  poison,  the  frog  lies  in  any  position,  limp  aad 
motionless,  neither  exhibiting  voluntary  nor  reflex  movements.  If  the  brain  be  destro^ped  and  tbe 
skin  removed,  on  faradizing  the  sciatic  nerve,  no  contraction  of  the  muscle  of  the  hind'Hat; 
occurs,  but  if  the  electrical  stimulus  be  applied  directly  to  the  muscles,  they  contract,  thus  pfov- 
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[Methods. — (1)  Local  Application. — Bernard  took  two  nervc-muscIc 
preparations,  put  some  solution  of  curare  into  two  watch-glasses,  and  dipped 
the  nerve  into  one  glass  and  the  muscle  of  the  other  preparation  into  the  other 
glass.  The  curare  penetrated  into  both  preparations,  and  he  found,  on  stimu- 
lating the  nerve  which  had  been  steeped  in  curare,  that  its  muscle  still  con- 
tracted, so  that  the  curare  had  not  acted  on  the  motor  nerve-fibres;  while 
stimulation  of  the  uerve  of  the  other  preparation  produced  no  contraction,  al- 
though the  corresponding  muscle  contracted.  Id  the  latter  case,  the  curare 
had  penetrated  into  the  muscle  and  affected  the  intra-muscular  portions  of 
the  nerve.] 

[(3)  But  It  is  the  terminal  or  intra-tnuscular  portions  of  the  nerves,  not 
the  nerve-trunk,  which  are  paralyzed.  Ligature  the  sciatic  artery,  or,  better 
still,  tie  all  the  parts 
of  the  hind -limb  of 
a  frog,  except  the 
sciatic  nerve,  at  the 
u[^r  part  of  the 
thigh  (fig.  384).  In- 
ject  curare  into  the 
dorsal  lymph-sac. 
The  poisoned  blood 
will,  of  course,  circu- 
late in  every  part  of 
the  body  except  the 
ligatured  limb.  The 
shaded  parts  are  trav- 
ersed by  the  poison. 
The  animal  can  still, 
at  a  certain  stage  of 
the  poisoning,  pull 
up  the  non-poisoned 
limb,  while  it  cannot 
move  the  poisoned 
3ne.  At  this  time, 
ilthough  poisoned 
>lood  has  circulated 
n  the  sacral  and  in- 
ra-abdominal  parts 
>f  the  nerves,  yet 
hey  are  not  paralyzed,  so  that  the  poison  does  not  act  on  this  part  of  the  trunk 
if  the  nerve.  But  we  can  show  that  it  does  not  act  on  any  part  of  the  extra- 
nuscular  trunk  of  the  nerve.  This  is  done  by  ligaturing  the  arteries  going  to 
he  gastrocnemius  muscle,  and  then  poisoning  the  animal.  On  stimulating  the 
ervc  on  the  ligatured  side,  the  gastrocnemius  of  that  side  contracts,  although 
he  whole  length  of  the  nerve-trunk  was  supplied  by  poisoned  blood.  There- 
>rc  it  is  the  intra-mutcular  terminations  of  the  nerves  which  are  acted  on.] 

fBy  means  of  the  following  arrangement  wc  may  prove  that  the  terminal 
arts  of  the  nerve  are  paralyzed.  Ligature  the  sciatic  artery  of  one  leg  of  a 
"Og,  and  then  inject  curare  into  a  lymph-sac.  After  the  animal  is  fully  poi- 
>ned,  expose  the  sciatic  nerve  in  both  legs,  leaving  all  the  muscles  below  the 
□ee  joint,  then  clean  and  divide  the  femur  at  its  middle.  Pin  a  straw  flag  to 
ich  limb,  and  fix  both  femora  in  a  clamp,  with  the  gastrocnemii  uppermost, 


Fig-  J84. 

Frog  with  acialic  Bitery 
ligatured.  S.  P..  ipinij 
cord  with  afferent  and 
efferent  Dcrrei;  P., 
poiioned,  N.  P.,  QoD- 
poisoDed  leg;  M,  gts- 
trocDcmiui  mmde. 


Fig-  38s- 
Scheme  of  the  curare  experiment.  B, 
baUery;  I,  primary,  II,  »econd«rf 
■pirali  N,  nerves;  F,  damp;  NP, 
000  paisooed  leg;  P,  pcHsoned  leg; 
C,  commaiator;  K,  key. 
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as  in  fig.  385,  Place  the  two  nerves,  N,  on  electrodes  attached  to  twttwircs 
coming  from  a  commutator,  C  (fig-  385).  From  the  opposite  binding-scnn 
of  the  commutator,  two  wires  pass  to  the  gastrocnemii.  The  other  two  binding- 
screws  of  the  commutator  are  connected  with  the  secondary  coil  of  an  induc- 
tion machine  (§  330).  The  bridge  of  the  commutator  can  be  turned  soasio 
pass  the  current  either  through  both  muscles  or  both  nerves — the  latter  is  the 
case  in  the  diagram  (H).  When  both  nerves  are  stimulated,  only  the  tot- 
poisoned  /egQiF)  contracts.  Reverse  the  commutator,  and  pass  the  curreni 
through  io/i  muscles,  when  iolh  contraetJ^ 

(RoaenthaJ'a  Modification. — Push  the  steaaAtrf  coil  fu  amj  hom  the  priioary,  and  pa 
the  current  ihrough  both  muscles.  Graduallf  ipproximate  the  secosdory  to  the  primurral, 
and  in  doing  so  it  will  be  found  that  the  non-poisoned  leg  coDtncU  first,  but  on  cooliiuiiDjiD 
push  up  ihe  secondary  coil,  both  limbs  contract.  Thus,  the  poiioned  limb  does  not  re^iood  10  » 
feeble  a  faradic  nimulus  as  Ihe  non-poifoned  one,  a  remit  which  is  not  due  to  the  actioa  oT  ihc 
curare  on  the  excilaMlily  of  the  muscle.    The  non-poisoned  limb  responds  to  a  feebler  sliDiiilii 


Fig.  386.  Fig.  387- 

Fig.  3S6, — Curve  showing  the  eiciiabilily  in  the  lartcnius  of  a  fiog  in  a  normal  and  cnraiin' 
muscle.  Fig.  387. — Diatribulion  of  ocives  in  the  soitorius  of  a  frog  and  the  cure  of  o 
ciUbility  in  di^erent  pans  of  [he  moscle,  >.<.,  the  excilabilily  is  greatest  where  tbtn  a: 
most  nerve-endiiiga,  and  lowest  where  there  are  none. 

because  its  motor-nerve  terminations  are  not  paralyzed  while  the  poisoned  leg  does  not  de  kv 
because  the  motor  lermioalions  are  paralyzed,  A  feebler  induced  shock  nifficcs  to  ciixi 
muscle  to  contract  when  it  is  applied  to  ihe  nerve,  than  when  it  is  applied  to  the  muscle  in'^ 
direaly.     In  la^e  doses  curare  also  affects  the  spinal  cord  (p.  604).} 

[On  what  structures  doea  curare  act  P^These  experiments  prove  that  cnrart  doei  at 
paralyze  the  motor  nerre-trunka,  nor  the  muscular  fibres,  and  that  it  acts  on  the  motor  icnus- 
lions  within  the  muscles,  but  they  do  not  enable  as  to  state  the  precise  part  of  the  nerte-eadn; 
so  affected.  It  may  act  on  ( 1 )  the  nerve  just  before  it  pierces  the  sarcolenuna,  (l)  the  tab- 
lemmar  axis- cylinder,  (3)  the  end-plates,  {a,)  the  terminal  branches  or  spiay.  Kiihiic  and  Pc<- 
litzer  have  made  it  probable  thai,  even  when  a  muscle  is  thoroughly  impregnated  with  cmn, 
some  of  the  nervous  apparatus  is  unaffected.  The  saitorios  is  mr>st  eidlable  where  tbcit  irt 
most  nerves  (fig.  387),  and  even  in  a  muscle  profoundly  poisoned  with  curare,  tlic  distiibiflKB  0: 
excitabilily  varies  with  the  number  of  oerves  in  the  several  parts  of  the  muscle  (lig.  386)  jmlu 
in  a  normal  muscle,  with  this  difference,  that  the  excitalnlity  of  all  the  puts  of  the  mnsctc  de- 
taining nerves  is  less  than  nonnal.  That  thit  variation  in  excitability  is  due  lo  nervoM  »ttc- 
tures  is  shown  by  using  a  polarizing  aaelectrotonic  current  {\  335),  which  depresses  the  aa> 
bility  of  nerve-fibres,  and  then  this  dilference  of  excitability  disappears,  the  curve  of  eicin- 
biliiy  running  parallel  with  the  abscissa,  so  that  the  difference  docs  not  teem  to  be  dor  m  pot' 
muscular  causes.] 
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[PoUitzer,  speculating  as  to  which  part  of  the  tennioal  nerve  is  affected,  supposes  that  all 
parts  beyond  the  last  node  of  Ranvier  retain  their  functions,  and  he  supposes  that  it  is  not  the 
axis-cylinders  themselves,  but  the  cement  at  the  nodes,  on  which  the  drug  exerts  its  specific 

action.] 

N euro- Muscular  Cells. — Even  in  the  lower  animals,  e.  yf..  Hydra  and  Medusse,  there  are 
unicellular  structures  called  *<  neuro-muscular  cells^'*  in  which  the  nervous  and  muscular  sub- 
stances are  represented  in  the  same  cell  (Kliinenberg  and  Eimer).  [This  view,  however,  is 
very  doubtful ;  the  outer  part  of  these  cells  is  adapted  K>r  the  action  of  stimuli,  and  corresponds 
to  the  nervous  receptive  organ,  while  the  inner  deeper  part  is  contractile,  and  is  the  representa- 
tive of  the  muscular  part.] 

Muscular  Stimuli. — Various  stimuli  cause  a  muscle  to  contract,  either  by 
acting  upon  its  motor  nerve,  or  upon  the  muscular  substance  itself  (§  324). 
[The  former  is  called  indirect  stimulation,  the  latter  direct  stimulation.] 

1.  Under  ordinary  circumstances,  the  normal  stimulus  exciting  a  muscle 
to  contract  is  the  nerve  impulse  which  passes  along  a  nerve,  but  its  exact 
nature  is  unknown. 

2.  Chemical  Stimuli. — All  chemical  substances  which  alter  the  chemical 
composition  of  a  muscle  with  sufficient  rapidity  act  as  muscular  stimuli.  Min- 
eral acids  (HCl  o.i  per  cent.),  acetic  and  oxalic  acids,  the  salts  of  iron,  zinc, 
copper,  silver,  and  lead,  bile,  all  act  in  weak  solutions  as  muscular  stimuli ;  they 
act  upon  the  motor  nerve  only  when  they  are  more  concentrated.  Lactic  acid 
and  glycerin,  when  concentrated,  excite  only  the  nerve ;  when  dilute,  only  the 
muscle.  [The  lower  end  of  the  sartorius,  which  contains  no  nerves,  may  be 
dipped  into  glycerin,  and  it  will  not  contract,  but  if  it  be  dipped  deeper  to 
where  there  are  nerve-endings,  it  will  contract  at  once.]  Neutral  alkaline  salts 
act  equally  upon  nerve  and  muscle ;  alcohol  and  ether  act  on  both  very  feebly. 
When  water  is  injected  into  the  blood-vessels,  it  causes  fibrillar  muscular  con- 
tractions {v,  Wiitich),  while  a  0.6  per  cent,  solution  of  NaCl  may  be  passed 
through  a  muscle  for  days  without  causing  contraction  {KolUker^  O,  Nasse). 
[Carslaw,  under  Ludwig's  direction,  however,  found  that  solutions  containing 
0.5  to  0.2  per  cent.  NaCl,  when  perfused  through  the  muscles  of  a  frog,  excite 
many  short,  powerful  attacks  of  tetanus,  separated  from  each  other  by  periods 
of  rest.  Solutions  containing  0.5  to  0.7  per  cent.  NaCl,  /.  e.,  so-called  "in- 
different fluids"  or  "normal  saline,**  are  not  without  influence,  but  of  all 
known  saline  solutions,  they  injure  a  nerve-muscle  preparation  least.  Solutions 
of  I  to  2  per  cent,  rapidly  kill  the  muscle.]  Acids,  alkalies,  and  extract  of 
flesh  diminish  the  muscular  excitability,  while  the  muscular  stimuli,  in  small 
doses,  increase  it  {Ranke),  Gases  and  vapors  stimulate  muscle ;  they  cause 
either  a  simple  contraction  {e.  ^.,  HCl),  or  at  once  permanent  contraction 
or  contracture  {e,g,y  CI).  Long  exposure  to  the  gas  causes  rigidity.  The 
vapor  of  bisulphide  of  carbon  stimulates  only  the  nerves^  while  most  vapors 
(^.^.,  HCl)  kill  without  exciting  them  {KUhne  andjani). 

Method. — In  making  experiments  upon  the  chemical  stimulation  oi  mnsde,  it  is  inadvisable 
to  dip  the  transverse  section  of  the  muscle  into  the  solution  of  the  chemical  reagent  (Herinj^), 
The  chemical  stimulus  ought  to  be  applied  in  solution  to  a  limited  portion  of  the  uninjured 
surface  of  the  muscle ;  after  a  few  seconds  we  obtain  a  contraction  or  fibrillar  twitchings  of  the 
soperBcial  muscular  layers  i^Hering). 

[Rh3rthnaical  Contraction. — While  rhythmical  contractions  are  very  marked  in  smooth  mus- 
cle (especially  if  it  is  stretched  or  subjected  to  considerable  internal  pressure,  as  in  the  hollow 
▼tscera),  e.g.^  the  intestine,  uterus,  ureter,  blood-vessels,  and  also  in  the  striped  but  involuntary 
cardiac  musculature  (J  58),  they  are  not,  as  a  rule,  very  common  in  striped  voluntary  muscle. 
Chemical  stimuli  are  particularly  effective  in  producing  them.]  If  the  sartorious  of  a  curarized 
fsog  be  dipped  into  a  solution  composed  of  5  grms.  NaCl.  2  grms.  alkaline  sodium  phosphate, 
and  0.5  grm.  sodium  carbonate  in  I  litre  of  water,  at  10°  C.,the  muscle  contracts  rhjrthmically, 
and  may  do  so  for  several  days,  especially  with  a  low  temperature  [Biedermnnn).  This  recalls 
the  rfajTthmical  contraction  of  the  heart.  [Kilhne  found  a  similar  result.  The  rhythm  is  arrested 
by  lactic  add  and  restored  by  an  alkaline  solution  of  NaCl.l  Rhythmicil  movements  may  also 
be  induced  in  the  sartorius  (frog),  by  the  combined  action  of  a  dilute  solution  of  sodic  carbonate 
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and  an  ascending  constant  electrical  current.    Compare  also  the  action  of  a  constant  current  on 
the  heart  ({  58). 

3.  Thermal  Stimuli. — If  an  excised  frog's  muscle  be  rapidly  heated  to  28** 
C,  a  gradually  increasing  contraction  occurs,  which,  at  30°  C,  is  more  pro- 
nounced, reaching  its  maximum  at  45°  C.  If  the  temperature  be  raised, 
**  heat-stififening"  rapidly  ensues.  The  smooth  muscles  of  warm-blooded 
animals  also  contract  when  they  are  warmed,  but  those  of  cold-blooded  ani- 
mals are  elongated  by  heat  (^Griinhagen),  If  a  frog's  muscle  be  cooled  to  0°, 
it  is  very  excitable  to  mechanical  stimuli  ( Grunhagen) ;  it  is  even  excited  by  a 
temperature  under  0°  {Eckhard^. 

CI.  Bernard  observed  that  the  muscles  of  animals,  artificially  cooled,  remained  excitable  manj 
hours  after  death  ({  225).  Heat  causes  the  excitability  to  disappear  rapidly,  bat  increaso  it 
temporarily. 

4.  Mechanical  Stimuli. — Every  kind  of  sudden  mechanical  stimuli^, 
provided  it  be  applied  with  sufficient  rapidity  to  a  muscle  (and  also  to  a  nerve), 
causes  a  contraction.  If  stimtili  of  sufficient  intensity  be  repeated  with  suffi- 
cient rapidity,  tetanus  is  produced.  Strong  local  stimulation  causes  a  weal-Uke, 
long-continued  contraction  at  the  part  stimulated  (§  297,  3,  a).  Moderate 
tension  of  a  muscle  increases  its  excitability. 

5.  Electrical  Stimuli  will  be  referred  to  when  treating  of  the  stimulation 
of  nerve  (§  324). 

Other  Actions  of  Curare. — When  it  fe  injected  into  a  frog,  either  into  the  blood  orssb- 
cutaneously,  it  causes  at  first  paralysis  of  the  intra-muscular  ends  of  the  motor  nerves  (p.  6ot). 
while  the  muscles  themselves  remain  excitable.  The  sensory  nenres,  the  central  nervous  ^rSteoL, 
viscera,  heart,  intestine,  and  the  blood-vessels  are  not  affected  at  first  (Ci,  Bernard,  JCilHker\. 
[If  the  skin  be  stimulated,  the  frog  pulls  up  the  ligatured  leg  reflexly,  although  the  other  kf 
remains  quiescent;  this  shows  that  the  sensory  nerve  and  nerve-centres  are  still  intact;  ba 
when  the  action  of  the  drug  is  fully  developed,  no  amount  of  stimulation  of  the  skin  or  the  pos- 
terior roots  of  the  nerves  will  give  rise  to  a  reflex  act,  although  the  motor  nerve  of  the  ligatoied 
limb  is  known  to  be  excitable ;  hence  it  is  probable  that  the  nerve-centres  in  the  cord  themschc! 
are  ultimately  affected.  If  the  dose  be  very  large,  the  heart  and  blood-vessels  are  aflEected.]  b 
warm-blooded  animals  death  takes  place  by  asphyxia,  owing  to  paralysis  of  the  diaphraga, 
but  of  course  there  are  no  spasms.  In  frogs,  where  the  skin  is  the  most  important  respiratarj 
organ,  if  a  suitable  dose  be  injected  subcutaneously,  the  animal  may  remain  motionless  for  dap 
and  yet  recover,  the  poison  being  eliminated  by  the  urine  {I^hne),  If  the  dose  be  large,  the 
inhibitory  fibres  of  the  vagus  may  be  paralyzed.  In  electrical  fishes,  the  sensory  nerves,  and  ia 
frogs,  the  lymph-hearts,  are  paralyzed.  A  dose  sufficient  to  kill  a  frog,  when  injected  under  ic$ 
skin,  will  not  do  so  if  administered  by  the  mouth,  because  the  poison  seems  to  be  ^iminated  u 
rapidly  by  the  kidneys  as.it  is  absorbed  from  the  gastric  mucous  n.embrane.  For  the  same  rea- 
son the  flesh  of  an  animal  killed  by  curare  is  not  poisonous  when  eaten.  If,  however,  the  uxetcB 
be  tied,  the  poison  collects  in  the  blood,  and  poisoning  takes  place  (Z.  Hermann),  [In  thb  case 
the  mammal  may  exhibit  convulsions.  Why  ?  Curare  paralyzes  the  respiratory  nerves,  so  t^ 
asphyxia  is  produced  from  the  venosity  of  the  blood.  It  affects  the  respiratory  nerve-endii^ 
before  those  ia  the  muscles  generally,  so  that  when  the  venous  blood  stimulates  the  nerve-centres, 
the  partially  affected  muscles  respond  by  convulsions.  Other  narcotics  may  excite  convufaioas 
indirectly  by  inducing  a  venous  condition  of  the  blood,  while  the  motor  centres,  nerves,  and 
muscles  are  still  unaffected.]  Large  doses,  however,  poison  uninjured  animals  even  when  pista. 
by  the  mouth.  The  nerves  and  muscles  of  poisoned  animals  exhibit  considerable  electnmoirvc 
force.     [For  the  effect  of  curare  on  Ijrmph-formation  (§  199,  6).] 

Atropin  appears  to  be  a  specific  poison  for  smooth  muscular  tissue,  but  difiierent  moscks 
are  diflerently  affected  (Ss/i/mann,  Luchsinger).  [This  is  doubtful.  A  small  qnantity  of 
atropin  seems  to  affect  motor  nerves  of  smooth  muscle  in  the  same  way  that  curare  does  those  cf 
striped  muscle ;  we  must  remember,  however,  that  there  are  no  end-plates  proper  in  the  farmer, 
so  that  the  link  between  the  nerve-fibrils  and  the  contractile  substance  is  probably  diflReresit  in  the 
two  cases.  It  is  well  known  that  the  amount  of  striped  and  smooth  muscle  varies  in  the  asvh 
phagus  in  different  animals.  Szpilmann  and  Luchsinger  found  that,  after  the  action  of  alropBi. 
stimulation  of  the  peripheral  end  of  the  vagus  will  still  cause  contraction  of  the  striped  muscslsr 
fibres  in  the  oesophagus,  but  not  of  the  smooth  fibres,  although  both  forms  of  muscnlar 
respond  to  direct  stimulation.] 

After  section  of  the  motor  nerve  of  a  muscle,  the  excitability  undergoes  remarkable 
after  three  to  four  days  the  excitability  of  the  paralyzed  muscle  is  diminished,  boch  lor  direct 
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and  indirect  stimuli  (p.  603) ;  this  condition  is  followed  by  a  stage  during  which  a  constant 
current  is  more  active  than  normal,  while  induced  currents  are  scarcely  or  not  at  all  effective 
(J  339»  !•)•  Th*  excitability  to  mechanical  stimuli  is  also  increased.  The  increased  excitability 
occurs  until  about  the  seventh  week;  it  gradually  diminishes  until  it  is  abolished  towards  the 
sixth  to  the  seventh  month.  Fatty  d^eneration  begins  in  the  second  week  after  section  of  the 
motor  nerve,  and  goes  on  until  there  is  complete  muscular  atrophy.  Immediately  after  section 
of  the  sciatic  nerve,  Schmulewitsch  found  that  the  excitability  of  the  muscles  supplied  by  it  was 
increased. 

297.  CHANGES  IN  A  MUSCLE  DURING  CONTRACTION. 
—I.  Phenomena  visible  to  the  naked  eye. — i.  When  a  muscle  contracts, 
it  becomes  shorter  and  at  the  same  time  correspondingly  thicker. 

The  degree  of  contraction,  which  in  very  excitable  frogs  may  be  65  to  85  per  cent.  (72  per 
cent,  mean)  of  the  total  length  of  the  muscle,  depends  upon  various  conditions :  (a)  Up  to  a 
certain  point,  increasing  the  strength  of  the  stimulus  causes  a  greater  degree  of  contraction ; 
(^)  as  the  muscular  fatigue  increases,  i.^.,  after  continued  vigorous  exertion,  the  stimulus 
remaining  the  same,  the  extent  of  contraction  is  diminished ;  (c)  the  temperature  of  the  sur- 
roundings has  a  certain  effect  The  extent  of  the  contraction  is  increased  in  a  frog's  muscle — 
the  strength  of  stimulus  and  degree  of  fatigue  remaining  the  same — when  it  is  heated  to 
33®  C.  If  the  temperature  be  increased  above  this  point,  the  degree  of  contraction  is  diminished 
(S^kmuiewitsch ) . 

2.  The  volume  of  a  contracted  muscle  is  slightly  diminished  {Swammer- 
dam,  t  1680).  Hence,  the  specific  gravity  of  a  contracted  muscle  is  slightly 
increased,  the  ratio  to  the  non-contracted  muscle  being  1062  :  1061  {Valeti" 
tin)\  the  diminution  in  volume  is,  however,  only  y^'17^,  although  this  has 
recently  been  denied  by  J.  Ewald. 

Methods. — (a)  Erman  placed  portions  of  the  body  of  a  live  eel  in  a  glass  vessel  filled  with 
an  indifferent  fluid.  A  narrow  tube  communicated  with  the  glass  vessel,  and  the  fluid  rose  in 
the  tube  to  a  certain  level.  As  soon  as  the  muscles  of  the  eel  were  caused  to  contract,  the  fluid 
in  the  index-tube  sank.  (^)  Landois  demonstrates  the  decrease  in  volume  by  means  of  a  mano- 
metric  flame.  The  cylindrical  vessel  containing  the  muscle  is  provided  with  two  electrodes 
fixed  into  it  in  an  air-tight  manner.  The  interior  of  the  vessel  communicates  with  the  gas 
supply,  while  there  is  a  small  narrow  exit-tube  for  the  gas,  which  is  lighted.  Every  time  the 
nrascle  contracts  the  flame  diminishes.  The  same  experiment  may  be  performed  with  a  con- 
tracting heart. 

3.  Total  and  Partial  Contraction. — Normally,  all  stimuli  applied  to  a 
muscle  or  its  motor  nerve  cause  contraction  in  all  its  muscular  fibres.  Thus 
the  muscle  conducts  the  state  of  excitement  to  all  its  parts.  Under  certain 
circumstances,  however,  this  is  not  the  case,  viz. :  {a)  when  the  muscle  is 
gredXly  fatigued y  or  when  it  is  about  to  die,  violent  mechanical  stimuli,  as  a 
vigorous  tap  with  the  finger  or  a  percussion  hammer  (and  also  chemical  or 
electrical  stimuli),  cause  a  localized  contraction  of  the  muscular  fibres.  This 
is  Schiff's  '' idio-muscular  contraction."  The  same  phenomenon  is  ex- 
hibited by  the  muscles  of  a  healthy  man,  when  the  blunt  edge  of  an  instrument 
is  drawn  transversely  over  the  direction  of  the  muscular  fibres,  {b)  Under  certain 
as  yet  but  imperfectly  known  conditions,  a  muscle  exhibits  so-called  fibrillar 
contractions,  /.  ^.,  short  contractions  occur  alternately  in  different  bundles 
of  muscular  fibres.  This  is  the  case  in  the  muscles  of  the  tongue,  after  section 
of  the  hypoglossal  nerve ;  and  in  the  muscles  of  the  face,  after  section  of  the 
facial  nerve  (§  349,  4). 

[In  some  phthisical  patients  there  is  marked  muscular  excitability,  so  that  if  the  pectoral 
muscle  be  percussed,  a  local  contraction — idio-'muscular— occurs,  either  confined  to  the  spot,  or 
two  waves  may  proceed  outwards  and  return  to  the  spot  struck.] 

Cause  of  Fibrillar  Contraction. — According  to  Bleuler  and  Lehmann,  section  of  the  hypo- 
glossal nerve  in  rabbits  is  followed  by  fibrillar  contractions  after  sixty  to  eighty  hours;  these 
contractions  may  continue  for  months,  even  when  the  divided  nerve  has  healed  and  is  stimu- 
lated above  the  cicatrix  so  as  to  produce  movements  in  the  corresponding  half  of  the  tongue. 
Stimulation  of  the  lingual  nerve  increases  the  fibrillar  contractions  or  arrests  them.  This  nerve 
contains  vaso-dilator  fibres  derived  from  the  chorda  tympani.     Schifl*  is  of  opinion  that  the 
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increased  blood-stream  through  the  organ  is  the  cause  of  the  contractions.  Sig.  Mayer  Connl 
that,  by  compressing  the  carotids  and  subclavian,  and  again  removing  the  pressure  so  as  to  per- 
mit free  circulation ,  the  muscles  of  the  face  contracted.  Section  of  the  motor  nerves  of  the  &ce 
did  not  abolish  the  phenomenon,  but  compression  of  the  arteries  did.  The  cause  of  the  pl^- 
nomenon,  therefore,  seems  to  lie  within  the  muscles  themselves.  This  phenomenon  may  be  con- 
pared  to  the  paralytic  secretion  of  saliva  and  pancreatic  juice  which  follows  section  of  the  nervn 
going  to  these  glands  (pp.  255,  316).  Similar  fibrillar  contractions  occur  in  man  under  patho- 
logical conditions,  but  they  may  also  occur  without  any  signs  of  pkathological  distnrbaiice. 
[Fibrillar  contractions,  due  to  a  central  cause,  occur  in  monkeys  after  excision  of  the  thjroid 
gland  (J  103,  III).  Some  drugs  cause  fibrillar  muscular  contractions,  e,g.y  aconitin,  gaanidin, 
nicotin,  pilocarpin,  but  physostigmin  produces  them  in  warm-blooded  animals  (not  in  frogs) 
According  to  Brunton  these  drugs  probably  act  by  irritating  the  motor  nerve-endings,  as  the 
contractions  are  gradually  abolished  by  curare.] 

II.  Microscopic  Phenomena. — i.  Single  muscular  yf^7ii?  exhibit  the 
same  phenomena  as  an  entire  muscle,  in  that  they  contract  and  become  thicker. 
2.  There  is  great  difficulty  in  observing  the  changes  that  occur  in  the  individual 
parts  of  a  mtiscular  fibre  during  the  act  of  contraction.  This  much  is  ccrtam, 
that  the  muscular  elements  become  shorter  and  broader  during  contraction,  aod 
that  the  transverse  striae  approach  nearer  to  each  other  {Bowman,  1840).  3. 
There  is  great  difference  of  opinion  as  to  the  behavior  of  the  doubly  refractive 
(anisotropous)  and  the  singly  refractive  media. 

Engelmann's  View. — Fig.  388,  i ,  represents  a  passive  muscular  element — from  r  to  </  is  the 
doubly  refractive  contractUe  substance,  with  the  median  disc,  a,  ^,  in  it ;  k  and  ^  are  the 
lateral  discs.  Besides  these,  in  each  of  the  singly  refractive  discs  there  is  a  cUar  dbc~ 
**  secondary  disc,' '/ and  ^,  which  is  only  slightly  doubly  refractive.  This  occurs  only  in  the 
muscles  of  insects.  Fig.  i,  on  the  rights  shows  the  same  element  in  polarized  light,  wberebj 
the  middle  area  of  the  element,  as  far  as  the  contractile  substance  proper  extends,  is,  owing  10 
its  double  refraction,  bright ;  while  the  other  part  of  the  muscular  element,  owing  to  hs  bong 
singly  refractive,  is  black.  Fig.  388,  2,  is  the  transition  stage,  and  3  the  proper  stage  of  coo- 
traction  of  the  muscular  element.  In  both  cases  the  figures  on  the  left  are  viewed  in  ordiaaij 
light,  and  on  the  rights  in  polarized  light.  According  to  Engelmann,  during  contractioQ  (fig. 
388,  3^,  the  singly  refractive  disc  becomes  as  a  whole  more  re^active,  the  doubly  refractive  ka 
so.  Cx)nsequently,  a  fibre  at  a  certain  degree  of  contraction  (2),  when  viewed  in  ordinary  light, 
may  appear  homogeneous  and  but  slightly  striped  transversely  =  the  homogeneous  or  transi- 
tion stage.     During  a  greater  degree  of  contraction  (3),  very  dark  transverse  stripes  reappear. 

corresponding  to  the  singly  refractive   discs.     At  ercr 
stage  of  the  contraction,  as  well  as  in  the  transitioQ  stage, 
the  singly  and  doubly  refractive  discs  are  sharply  de- 
fined, and  are  recognized  by  the  polariscope  as  regaitf 
alternating  layers  (in  I,  2,  and  3  on  the  right).     Ihese 
do  not  change  places  during  the  contraction.    The  be^bt 
of  both  discs  is  diminished  during  contraction,  bat  the 
singly  refractive  do  so  more  rapndly  than  the   dool^  re- 
fractive discs.     The  total  volume  of  each  element  doo 
not  undergo  any  appreciable  alteration  in  Tolume  dsrn^ 
the  contraction.     Hence,  the  doubly  refractive  discs  in- 
crease in  volume  at  the  expense  of  the  singly  refractive. 
From  this  it  is  concluded  that,  during  the   cootractioft. 
The  microscopic  appearances  during   fluid  passes  from  the  singly  refractive  into  the  doablv 
a  muscular  contraction  in  the  indi-   refractive  discs ;  the  former  shrink,  the  latter  sweD. 
vidual  elements  of  the  fibrillae.  i,  2,       [If  a  living  portion  of  an  insect*s  muscle  be  exananeL 
3  (after  Engelmann),  in  its  own  juice,  contraction* waves  may  be  seen  to  pass  or^ 

the  fibres.  When  a  con  traction- wave  passes  over  pan  o'' 
the  fibres,  the  discs  become  shorter  and  broader  ;  at  the  same  time,  in  the  fully  contracted  pst 
the  dim  disc  appears  lighter  than  the  centre  of  the  light  disc.  There  is  said  to  be  m  **  reversal 
of  the  stripes  "  from  what  obtains  in  a  passive  muscle.  Before  this  stage  is  reached,  there  & 
an  intermediate  stage  where  the  two  bands  are  almost  uniform  in  appearance.  Accordinf  ts 
Ranvier,  however,  who  has  examined  the  muscles  of  the  retro-lingual  membrane  of  the 
P-  57^)f  when  a  muscular  fibre  contracts,  the  stripes  do  not  disappear  nor  are  they  reversed;  ^ 
im  disc  alone  appears  to  be  contractile,  and  it  becomes  shorter  and  broader.  This  disc,  as  « 
were,  strives  to  assume  a  form  with  the  smallest  surface,  t.^.,  to  become  spherical] 

Methods. — These  phenomena  are  best  observed  by  "fixing"  the  different  stages  of  reitor 
contraction,  by  suddenly  plunging  the  muscular  fibrillae  of  insects'  muscles  into  alcohol  o 


1 


Fig.  388. 


^' 


Sec.  297.] 


MYOGRAPHS. 


607 


add,  which  coagulates  the  muscle-substance.   The  actual  contraction  may  be  observed  under  the 
microscope  in  the  transparent  parts  of  the  larvae  of  insects. 

Diffraction  Spectrum. — A  thin  muscle,  e,g.^  the  sartorius  of  the  frog,  when  placed  directly 
behind  a  narrow  slit  running  at  right  angles  to  the  course  of  the  fibres,  yields  a  diffraction- 
spectrum,  "^'hen  the  muscle  contracts,  as  by  mechanical  stimulation,  the  spectrum  broadens, 
a  proof  that  the  interspaces  of  the  transverse  stripes  become  narrower  i^Ranvier), 

298.  MUSCULAR  CONTRACTION.— Methods.— In  order  to 
determine  the  duration  of  each  phase  of  a  muscular  contraction,  myographs 
of  various  forms  are  used. 

V.  Helmholtz's  Myograph  is  shown  in  fig.  389.  A  muscle,  M — say  the  gastrocnemius  of  a 
frog  attached  to  the  femur — is  fixed  by  the  femur  in  a  clamp,  K ;  its  lower  end  is  attached  to  a 
movable  lever  carrying  a  scale-pan  and  weight,  W,  the  weight  being  varied  at  pleasure.  When 
the  muscle  contracts,  necessarily  it  raises  the  lever.  At  the  free  end  of  the  lever  is  a  movable 
style,  F,  which  inscribes  its  movements  on  a  revolving  cylinder  caused  to  rotate  at  a  uniform  rate 
by  means  of  clock-work.  The  cylinder  is  covered  with  smoked  enamelled  paper  in  the  flame  of 
a  turpentine  lamp. 

When  the  muscle  contracts,  it  inscribes  a  curve — the  **  muscle -curve,"  or 
**  myogram."  The  ahscissa  of  the  curve  indicates  the  duration  of  the 
contraction,  but  of  course  the  rate  at  which  the  cylinder  is  moving  must  be 
known.  The  ordinates  represent  the  height  of  contraction  at  any  particular 
part  of  the  curve. 

The  muscle-curve  may  be  inscribed  upon  a  smoked  glass  plate  attached  to  one  limb  of  a 
vibrating  tuning-fork.  Such  a  curve  registers  the  time  units  in  all  its  parts.  Suppose  each  vibra- 
tion of  the  tuning  fork  :=  0.01613  second,  then  the  duration  of  any  part  of  such  a  curve  is  ob- 
tained by  counting  the  number  of  vibrations  and  multiplying  by  0.01613  second. 

[Pick's  Pendulum  Myograph. — A  board  fixed  to  the  wall  carries  a  heavy  iron  pendulum, 
P,  whose  axis,  A,  A,  moves  on  friction  rollers  (fig.  390).  At  the  lower  swinging  end  are  two 
glass  plates,  G  and  0/  fixed  to  a  bearer,  T.  The  plates  can  be  adjusted  by  means  of  the  screw,  j, 
so  that  several  curves  can  be  written  one 
above  the  other.  The  plate,  G^,  on  the 
posterior  surface  is  merely  a  compensator, 
so  that, when  G  is  elevated,  G'  is  lowered, 
and  thus  the  duration  of  the  oscillation  is 
not  altered.  The  spring  catches,  H,  H, 
which  can  be  turned  inwards  or  outwards, 
are  used  to  fix  the  pendulum  by  the  teeth, 
a,  a,  when  it  is  drawn  to  one  side.  The 
pendulum  is  drawn  to  one  side  and  fixed, 
a^  in  H,  so  that  when  H  b  pulled  down, 
it  is  liberated  and  swinges  to  the  other  side, 
where  it  is  caught  by  the  detent  H  at  the 
opposite  side.  In  the  improved  form,  the 
catches,  H,  are  made  to  slide  along  a  rod 
like  the  arc  of  a  circle,  so  that  the  length 
of  the  swing  can  be  varied.  As  the  pen- 
dulum swings  from  one  side  to  the  other, 
the  projecting  points,  a^  /r,  knock  over  the 
contact  key,  ^,  and  the  current  is  opened 
and  a  shock  transmitted  to  the  muscle. 
The  writing  lever  to  which  the  muscle  is 
attached  is  usually  a  heavy  one,  and  a 
style  writes  upon  the  smoked  surface  of 
the  glass.  Of  course,  when  the  pendulum 
swings,  it  moves  with  unequal  velocities  at 
difierent  parts  of  its  course.] 

lul 


Fig.  389. 

Scheme  of  v.  Helmholtz*s  myograph.  M,  muscle 
fixed  in  a  clamp,  K ;  F,  writing  style ;  P,  weight 
or  counterpoise  for  the  lever ;  W,  scale-pan  for 
weights ;  S,  S,  supports  for  the  lever. 


[When  using  the  pendulum  myograph  to  study  a  muscular  contraction,  arrange  it  as  in  fig. 
392.  The  frog*s  muscle  is  attached  to  a  writing  lever,  which  is  very  like  the  lever  in  fig.  390, 
while  the  style  inscribes  its  mdvements  on  the  blackened  plate  J 

[The  pendulum  is  fixed  in  the  catch,  C,  as  shown  in  the  figure ;  the  key,  K^,  is  closed  and 
placed  in  the  primary  circuit,  while  two  wires  from  the  secondary  coil  of  an  induction  machine 
are  attached  to  the  muscle.  When  the  pendulum  swings,  the  projecting  tooth,  S,  knocks  over 
the  contact  at  K^,  and  breaks  the  primary  circuit,  when  a  shock  is  instantly  transmitted  through 


6o8  VARIOUS  MYOGRAPHS.  [Scc.  ag>. 

the  moscle.  Belbre  Mimulkdng,  allow  the  pendulam  to  swing  to  obtsin  an  abiciisa.  The  ban 
is  recorded  by  b  vibruinf  tuning-fork,  of  known  rate  of  Tibration,  connected  witti  a  Ui^n  i 
electric  chronograph.  Dupti's  chronograph  is  merely  a  snul!  electro-magnet  with  a  fine  wiranf- 
ityle  attached,  which  ribrales  when  il  ii  introduced  in  an  electrical  circtiit,  in  whicb  is  placed  > 
Tjbraling  tuning-fork.     The  signal  Tibralci  just  as  often  as  tbe  toning-fork.] 

[Du  Bois-Resnnond't  Spnog  Myograph. — It  consists  of  a  glass  plate  liKcd  in  a  frmit. 
and  moving  on  two  polished  steel  wires,  stretched  b«ween  the  supports  A  and  R  (fig.  393).  Al 
j  is  a  spring  which,  when  it  is  compressed  between  the  upright,  B,  and  the  knob,  i,  drire*  die 
glass  plate  from  B  to  A.  As  the  plate  moves  from  one  side  to  the  other,  a  smalt  touth,  1/.  on  rti 
under  surface,  opens  the  key,  i,  and  thus  a  shock  is  transmitted  lo  the  muscle.  The  airangc- 
ment  otherwise  is  the  same  as  for  the  pendulum  myograph.  The  smoked  glass  plate  is  libeiaud 
by  the  projecting  finger  plate  sttached  to  the  upright.  A.] 

[Marey'a  Simple  Myograph. — The  gastrocnemius  ii  attached  to  a  horizontal  lerer,  wtub 
inscribes  its  movements  on  a  revolving  cylinder.    This  form  of  myograph,  when  prorided  witii 
two  levers,  is  vet;  useful  for  comparing  the  action  of  a  poison  on  one  limb,  the  other  bang  nn- 
poisoned.] 

[Pflilger'8  BUtionaty  form  b 
simply  a  Helmbohi'*  myiigtaph  (fif 
389)  arranged  to  record  ha  moreoKSQ 
on  a  stationary  glass  plate,  so  that  tbe 
muscle  merely  nukes  a  votkal  liae 
or  ordioale  instead  of  a  cdttci  it  tbn 
merely  tnditates  the  height  or  exlml 
of  the  contraction,  not  ita  dnialiaL] 
A  rapidly  rotating  disc  was  am 
by  Valentin  and  Rosenthal  for  regis- 
tering the  musde-coTTe,  while  Hwiea 
used  a  plate  which  was  allowed  to  bl 
rapidly,  the  so-called  ■'  Fall-myo- 
graph."  In  all  these  experimcnti  ii 
is  necessary  to  indicate  at  the  saiae  | 
time  tbe  moment  of  stimulation.  | 

[Moial.CbaDlber. —  In  iCDdTii^ 
tbe  contraction  of  a  masde  it  sbooU 
be  kept  undo'  conditions  as  Doemal  is 
pOStiUc.  This  is  effected  by  sa^Koi- 
ing  it  in  a  moist-chamber  (6g.  jji'. 
the  air  of  which  is  kept  moist  I7  aesi 
of  a  |Hece  of  bloltiikg- paper  moi-awinl 
with  normal  saline.] 

Contraction  -  Curve  of 
Human  Muscle. — In  nan, 
another  principle  is  adopted, 
viz.,  to  measure  the  increase ic 
thickness  during  tbe  concnc- 
tion,  cither  by  means  of  a  ieirr 
or  a  compressible  tambour,  sich 
as  is  used  in  Brondgeest's  pu- 
Sphygmograph  (fig.  88).  The 
thickening  of  the  abductor  mcs- 
c)es  of  the  thumb  may  be  regis- 
tered by  means  of  Marey'spince 
myographique  (fig.  409). 

I.  Simple     Contractioi). 

— I  fa   single    indactkn 

shock  or  stiinu/us  /jfmomeMUry 

Fig.  390.  duration  be  applied  to  a  muscle. 

Pick's  pendulum  myogra{A,  as  improved  by  v.  Helm-   ^    «  simple  muscular    COn- 
hollE  (i»,  natural  size),  side  and  ftont  view.  traction,"  [or  shonly,   a  tat- 

traction  or  twitch]  is  the  result,  ('.  e.,  the  muscle  rapidly  shortens  and  qai<^T 

returns  again  to  its  original  relaxed  condition. 
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Muscle-Curve  or  Myogram. — Suppose  a  single  stimulus  be  applied  to  a 
muscle  attached  to  a  light  writing-lever,  which  is  not  *' over- weigh  ted  "  with 
any  weight  attached  to  it,  then,  when  the  muscle  contracts,  the  following  events 
take  place : — 

[(i)  A  period  or  stage  of  latent  stimulation  (figs.  394,  396). 

(2)  A  period  of  increasing  energy  or  contraction. 

(3)  A  period  of  decreasing  energy  or  more  rapid  relaxation. 

(4)  A  period  of  slow  relaxation,  or  the  elastic  after-vibration.] 
The  muscle-curve  proper  is  composed  of  2,  3,  and  4. 

(i)  The  latent  period  (fig.  394,  a,  b)  consists  in  this,  that  the  muscle 
does  not  begin  to  contract  precisely  at  the  moment  the  stimulus  is  applied  to  it. 


Fig.  391- 

^  muscle  chamber,  C,  for  a  frog's 
moicle,  the  latter  attached  to  Tiger- 
sCedt*s  recording  lever,  and  the 
whole  supported  on  a  stand,  S. 
(Made  by  retzold,  of  Leipzig.) 


Fig.  392. 
Scheme  of  the  arrangement  of  the  pendulum 
mjTograph.  B,  lottery;  I,  primary,  II, 
secondary  spiral  of  the  induction  machine ; 
S,  tooth ;  K^,  key ;  C,  C,  catches  or  detents ; 
K'^  in  the  comer,  scheme  of  K^ ;  K,  key  in 
primary  circuit.  The  short-circuiting  key 
in  the  secondary  circuit  is  omitted. 


Hit  the  contraction  occurs  somewhat  later ^  /'.  ^.,  a  short,  but  measurable  inter- 
nal elapses  between  the  application  of  a  momentary  stimulus  and  the  contrac- 
ion  (r.  Helmholtz),  If  the  entire  muscle  be  stimulated  by  a  momentary  stimu- 
us,  e,g,^  a  single  break  induction  shock  is  found;  the  duration  of  the 
sitent  period  is  about  o.oi  second  [/.  e,^  when  the  muscle  records  its  move- 
nents  by  means  of  a  lever  attached  to  the  muscle].  In  smooth  muscle,  the 
itent  period  may  last  for  several  seconds. 

[Although  no  change  be  visible  in  a  muscle  during  the  latent  period,  never- 
heless  it  has  been  held  until  quite  recently  that  some  change  does  take  place 
rithin  the  muscle-substance,  and  it  was  maintained  that  the  electrical  current 
f  the  muscle  is  diminished  during  this  period,  or  we  have  what  is  known  as 
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6lO  HU3CLE-CURVE.  [ScC.  91)8. 

the  negative  varhrtion  of  the  muscle-cnirent  (Bernstein — &333).]  [There- 
cent  careful  experiments,  however,  of  Burdon -Sanderson  on  frogs'  muscles, 
where  the  moment  of  stimulation,  the  electro- motive  changes  ^determined  by& 
capillary  electrometer),  and  the  change  of  muscular  form,  were  &L1  rccorda) 
simultaneously  by  photographic  means,  show  that  the  electrical  movement  or 


response 
actually 
electrics: 
the  laten 
there  is  i 
of  a  seco 
stimulati 


Ilo  Ihe  twdj, . 
ponible  from  exieraal  inflococet^ 
properl;  (applied  with  blood,  tkc 
latent  period  inaj  be  redpced  le 
O.OOJ3  or  e»en  0.0015.  [AH  iWa 
results  h*Te  reference  to  cma  re- 
corded gnphicmllj.  It  is  iopott** 
Id  notice  how  the  lime  is  ■bofMBcd 
when  the  record  ts  taken  by  phoM>- 
Fjo,  ig^  graphic  meani  as  inentioDetl  •!»<(-] 

Mnscle^urve  ptodnced  by  a  sinete  induction  shod;  «>-  .  I°fl""?«"  ^'^^  ^^ 
plied  to  a  iTuscle.  a-/.  al«i5a;  ..-.,  ordinale;  ai,  *""!  Pt;?^-^  '"^.P^^f 
^od  of  Ltent  stimula.ioni  i  d,  period  of  increasing  "^^^""^  "7  "  "^^^  *^ 
Energy;  d .,  period  of  decr^asirg  energy;  ./  elastic  °f  .lb'  «■  """j^  «k1  by  htM ;  -Idr 
«aer-vibr«ion.  fal.ene,    cooling,    «kJ     looe-^ 

weight  lengthen  it  (ZmOVrAKi, 
Mfndelisohn,  Yee,  Cash).  The  latent  period  of  a  break- conLisction  is  loiter  than  tb«  of  s 
loake-conlraction.  The  red  muscles  have  a  longer  talent  period  than  the  while.  Befcrc  Ac 
muscle  contracts  as  a  whole,  the  indiTtdtiBl  (jbrei  within  it  most  have  Gmtracted.     We  bml 


Sec.  396.]  ANALYSIS   OF   A    HUSCLE-CURVE.  6I I 

therefore,  conclude  that  tbe  latency  of  tfae  individui]  miuculat  elements  ii  shorter  than  that  ol 
the  entire  niascle  I^Gad,  TtgenUdt). 

(1)  The  contraction  or  stage  of  increasing  enet^,  i.  e.,  from  the 
moment  the  muscle  b^iDS  to  shorteo  until  it  reaches  its  greatest  degree  of 
contraction  {b  d).  At  firat  Che  muscle  contracts  slowly,  then  more  rapidly, 
and  again  more  slowly,  so  that  the  ascending  limb  of  the  curve  has  somewhat 
the  form  of  an  /.     This  stage  lasts  o  03  to  0.04  second.    It  is  shorter  when  the 


Fig-  395- 
Electiical  reaponse^lhe  sudden  negativity  and  the  subsequent  relative  poBilivily  of  the  muscular 
snrface  kX  the  gastrocnemius  stimulated  indirectly.  Mechanical  respoose  =  the  beginDing 
of  the  cliange  i>f  form  of  ihc  part  of  ibc  muscle  stimulated  directly  ;  signal  ^  the  distance 
of  tlw  ordinatei  from  each  other  =  tj^o  second.  The  rise  of  the  line  indicates  the  moment 
of  opefking  the  primary  circuit,  /.  e.,  the  moment  of  stimulation.  Time  marker  ^^  Deprei's 
signal  in  the  circuit  of  the  tuning  fork  {Burdan-SandinoH). 

contraction  is  shorter  (weak  stimulus)  and  the  le^  the  weight  the  muscle  has 
to  lift.  It  also  varies  with  the  excitability  of  the  muscle,  being  shorter  in  a 
fresh,  non-fatigued  muscle. 

(3)  Elongation  or  stage  of  decreasing  energy. — After  the  muscle  has 
contracted  up  to  its  maximum  for  any  particular  stimulus,  it  begins  to  relax — 
at  first  slowly,  then  rapidly — and  lastly  more  slowly,  so  that  an  inverse  of  an/ 
is  obtained  (d  i).  This  stage  is  usually  of  shorter  duration  than  (2).  The 
duration  varies  with  the  strength  of  the  stimulus,  being  shorter  than  (1)  with  a 
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weak  stimulus,  and  longer  with  a  strong  stimulus.     It  also  depends  upon  the 
extent  to  which  the  muscle  is  loaded  during  contraction. 

(4)  The  fourth  sUge  has  received  various  names — atage  of  elastic  after- 
vibration  [residual  coatraction  or  contraction  remainder  {Ilerntann). 
The  af^r-vibratiotis  {ef),  which  disappear  gradually,  depend   upon  the  elas- 


250  DV. 

Fig.  396. 
Pendulom  myograph  curve  of  a  frog's  guslrocnemius.    S,  poiol  of  slimulation ;  A,  latcDt  peiiod; 
B,  period  of  shoRening,  and  C,  of  relaxation.     250  DV..  luaiog-foik  vibnling  350  doubk 
vibratioDs  per  sec.     The  dotted  vertical  lines  are  ordinaies  {Stirling). 

ticitjr  of  the  muscle.     The  duration  of  this  stage  is  longest  with  a  powerful  con- 
traction, and  when  the  weight  attached  to  the  muscle  is  small]. 

If  the  stimulus  be  applied  to  the  motor  nerve  instead  of  to  the  muscle  itself, 
the  contraction  is  greater  {PJluger),  and  lasts  longer  {Witndt)  the  nearer  to 
the  spinal  cord  the  stimulus  is  applied  to  the  nerve. 
[In  studying  a  muscle-curve,  the  more  or  less  vertical  character  of  the 
ascent  will  indicate  the  rapidity  of  the  con- 
traction, the  height  above  the  baseline,  its 
extent,  the  length  of  the  curve,  the  dura- 
tion, and  the  line  of  descent,  the  rate  of  its 
extensibility.  The  form  of  the  muscle- 
curve  will  vary  with  the  kind  of  myograph 
used ;  if  it  be  stationary,  then  the  muscle 
will  merely  record  a  vertical  line;  if  the 
recording  surface  move  quickly,  the  two 
parts  of  the  curve  will  form  an  acute  angle 
(fig.  398);andirit  movewith  great  rapidity, 
they  will  have  the  form  of  lig.  396,  that  ob- 


Fig.  397. 

AnaDgemeni  for  estLmaling  the  lime- 
relatioos  during  contraction  of  a 
muscle  product  ^  a  faradic  shock. 
B,  battery;  K,  key  in  primary  circuit; 
I,  primary,  ll,  secondary  spiral ;  /, 
muscle  lever;  e,  electro- magnet  in 
primary  circuit ;  /,  electric  signal ;  St, 
support;  RC,  rerolving  cylinder 
(after  Rutktrferd), 


Fig.  398. 

Frog's  muscle    stimulated   altenuudy   by  ■  siq 

break  (B)  and  make  shock  (M).   The  toir«r  cm 

shows  the  satne,  but  with  the  muscle  fatigued. 


tained  with  a  pendulum  myograph.  A  vibrating  tuning-fork  records  time 
directly  under  the  tracing,  whereby  the  duration  of  each  part  of  the  curve  is 
readily  determined.] 

[In  meaturing  the  myogram,  all  that  is  required  is  to  know  the  moment  at  which  the  sdma- 
1ns  «i*  applied,  and  to  note  when  the  curve  begins  to  leave  th«  base  line  or  aJacissa.     Raise  a 
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[The  time -relations  of  a  simple  muscular  contraction  caused  by  a  single 
induction  shock  may  be  studied  by  means  of  the  following  anangement ; 
Attach  a  frog's  gastrocnemius  to  a  lever,  as  in  fig.  397,  and  through  the  frog's 
muscle  place  two  wires  from  the  secondary  coil  of  an  induction  machine.  A 
scale-pan  with  a  weight  is  attached  to  the  lever.  On  the  same  support  adjust 
an  electro -magnet  with  a  writing-style  in  the  pnnaary  circuit,  and  in  this 
circuit  also  place  a  key  (K)  to  make  and  break  the  current.  Fix  also  a  Dupri's 
chronograph  to  the  same  support,  and  make  it  vibrate  by  connecting  it  in 
circuit  with  a  tuning-fork  of  known  rate  of  vibration,  and  driven  by  a  galvanic 
battery.  See  that  the  points  of  all  three  levers  write  exactly  over  each  other 
on  the  revolving  cylinder.  The  upper  lever  register  the  contraction,  the 
electro-magnet  the  moment  the  stimulus  is  applied  to  the  muscle,  and  the 
electrical  chronograph  the  time.] 

[Single  make  (closing)  or  break  (opening)  induction  shocks.  A  muscle 
or  nerve  may  be  stimulated  either  with  a  "make"  or  "break"  induction 


fig-  399- 
I.  CoDtrftctioa  of  a  fat^iud  frog's  mmclc  writing  it>  conlnction  on  a  vibmbg  plate  ittacbed 
to  k  luning-fork.  Each  vibiatioa  =  0.01613  Kcond ;  a  j,  =  latent  period ;  b  c,  stage  of 
increauns  energy;  t  d,  of  decreasing  energy.  II.  Tbe  most  rapid  wilting  roovements  of 
the  right  naod  inscribed  on  a  vibrating  plate.  III.  Tbe  roost  npid  Irembling  tetanic  move- 
ments of  the  right  foie-arm  inscribed  on  the  same  plate, 

shock,  but  it  is  important  to  notice  that  the  break  shock  is  stronger  than  the 
make.  In  fig.  598,  B  shows  the  effect  produced  by  a  single  break  induction 
shock,  and  M  that  of  a  single  make  shock.] 

Overweighted  Musctea. — The  foregoing  remarks  apply  to  carves  obtained  by  a  light  lever 
connected  with  the  muscle.  If  the  muscle  lever  be  "  trotnotighud"  at  overloaded,  ■'.  t.,  if  the 
leva  be  loaded  so  that  when  the  muscle  contracts  it  has  Id  Uft  these  weights,  (he  coarse  of  the 
cmve  varies  according  to  the  weight  10  be  hfled.  It  is  necessary,  however,  lo  support  tbe  lever 
in  the  intervals  when  the  muicle  is  at  rest.  As  the  weights  are  increased,  tbe  occnirence  of  the 
contraction  is  delayed.  This  is  due  to  the  fact  that  the  muscle,  at  the  moment  of  slimuUtion, 
miut  Rccumnlate  as  much  eieigj  as  is  necessary  to  lift  the  weight.  The  greater  the  weight,  the 
longer  is  tbe  time  before  il  is  raised.  Lastly,  tjie  muscle  may  be  so  "  loaded,"  or  "  overloaded," 
that  it  cannot  contract  at  all;  this  is  the  limit  of  the  muscular  or  mechanical  energy  of  the 
•noscle  {v.  HilmholH-). 

Fatigue  of  Muscle. — If  a  muscle  be  caused  to  contract  so  frequently  that 
it  becomes  "fatigued"  the  latent  period  is  longer,  the  curve  is  not  so  high, 
because  the  muscular  contraction  is  less,  and  the  abscissa  is  longer,  /.  e.,  the 
contraction  is  slower  and  lasts  longer  (fig.  599).  Cooling  a  muscle  has  the  same 
eff'ect.  Soltmano  finds  that  the  fresh  muscles  of  new-born  animals  behave  in  a 
similar  manner.  The  myogram  has  a  flat  apex  and  considerable  elongation  in 
the  descending  limb  of  the  curve. 


6l4  ACTION   OF   DRUGS   ON    MUSCLES.  [SCC.  298. 

Constant  Current. — If  the  motor  nerve  of  a  muscle  be  stimulated  by  a 
make  or  break  shock  of  a  constant  current^  the  resulting  muscular  contractioD 
corresponds  exactly  to  that  already  described.  If,  however,  the  current  be 
made  or  broken  with  the  muscle  itself  directly  in  the  circuit,  during  the  make 

shock,  i.e. J  when  the 
muscle  is  stimulated  di- 
rectly (the  action  of  the 
nerves  can  be  eliminated 

by  using  curare  (§  336)), 

Fig.  400.  ^«fe  is  a  certain  degree 

Eftcct  on  a  muscle  of  closing  and  opening  a  constant  cunrent.     of  contraction  which  la^ 

S,  closing ;  6,  opening  shock.  for  a  time,   SO    that  the 

curve  assumes  the  form  of 
fig.  400,  where  S  represents  the  moment  of  closing  or  making  the  current,  and 

O  the  moment  of  opening  or  breaking  it  (§  336,  D). 

Variations  in  Muscles. — The  investigations  of  Cash  and  Kronecker  show  that  individQal 
muscles  have  a  special  form  of  muscle-curve;  the  omo-hyoid  of  the  tortoise  contracts  more 
rapidly  than  the  pectoralis.  Similar  differences  occur  in  the  muscles  of  frogs  and  mammak 
The  flexors  of  the  frog  contract  more  rapidly  than  the  extensors  [GrUttHer),  Sometimes  vithis 
one  and  the  same  muscle  there  are  **  red  *'  (rich  in  glycogen)  and  **  pale  '*  fibres  ({  292),  Tbe 
muscles  of  the  tortoise,  the  adductor  muscles  of  the  mussel,  and  the  heart  contract  dowly.  Tk 
red  fibres  contract  more  slowly,  are  less  excitable,  and  less  easily  fatigued  {GrUitntr).  The 
muscles  of  flying  insects  contract  very  rapidly,  even  more  than  360  times  (fly)  and  400  tiae 
(bee)  per  tecond. 

The  pale  muscles  are  more  excitable,  have  a  longer  latent  period,  are 
more  readily  fatigued,  and  their  contraction  is  of  shorter  duration  than  the  red. 
The  pale  muscles  also  produce  more  acid  than  the  red  muscles  when  they  coc- 
tract  {Gleiss),  The  red  muscles  execute  the  prolonged  continued  movements, 
while  the  white  execute  more  rapid  movements.  Muscles  which  are  composed 
chiefly  of  pale  fibres  have  a  greater  "lift"  and  a  considerably  greater  ab®- 
lute  force  during  a  single  contraction,  but  during  tetanus  they  are  second  to  the 
red  (^Grutzner).  The  muscle-curve  of  a  muscle  containing  red  and  white 
fibres  may  show  two  elevations  on  the  ascent,  the  first  due  to  the  raptdJy 
contracting  white  fibres,  and  the  second  to  the  more  slowly  contracting  red 
fibres.  This  also  occurs  after  the  action  of  strychnia  on  the  muscle-substance 
(^Overend^, 

Poisons. — Very  small  doses  of  curare  or  quinine  increase  the  height  of  the  cootnoiec 
(excited  by  stimulation  of  the  motor  nerve),  while  larger  doses  diminish  it,  and  finally  abc^sh  t 
altogether.  Guanidin  has  a  similar  action  in  large  doses,  but  the  maximum  of  contmitian  bss 
for  a  longer  time.  Suitable  doses  of  veratrin  also  increase  the  contractions,  but  the  stage  tf 
relaxation  is  greatly  strengthened  {Rossback  and  Clostermeyer),  Veratrin,  amiarin,  tfi 
digitalin,  in  large  doses,  act  upon  the  sarcous  substance  in  such  a  way  that  the  coutiacnpg 
become  very  prolonged,  not  unlike  a  condition  of  prolonged  tetanus  [Harless^  1862).  TV 
latent  period  of  muscles  poisoned  with  veratrin  and  strychnin  is  shortened  at  first,  and  after* 
wards  lengthened.  The  gastrocnemius  of  a  finog  supplied  by  blood  containing  soda  coBrrifw 
more  rapidly  i^GrUtzner).  Kunkel  is  of  opinion  that'  muscular  poisons  act  hy  cooinolUi^  d^ 
imbibition  of  water  by  the  sarcous  substances.  As  muscular  contraction  depends  on 
(2  297,  II),  the  form  of  the  contraction  of  the  poisoned  muscle  will  dqiend  upon  the 
condition  of  imbibition  produced  by  the  drug. 

[Action  of  Veratrin. — If  a  frog  be  poisoned  with  veratrin,  and  then  be  made  to 
does  so  rapidly,  but  when  it  alights  again  the  hind  legs  are  extended,  and  they  are  only 
up  after  a  time.  Thus,  rapid  and  powerful  contraction,  with  slow  and  prolonged  reUxadoo,  are 
the  characters  of  the  movement.  In  a  muscle  poisoned  with  veratrin,  the  ascent  is  qak^ 
enough,  but  it  remains  contracted  for  a  long  time,  so  that  this  condition  has  been  called  *'cob 
tracture."  A  single  stimulation  may  cause  a  contraction  lasting  five  to  fifteen  seconds,  accord- 
ing to  circumstances  (fig.  401).  Brunton  and  Cash  find  that  cold  has  a  marked  eficct  oa 
the  action  of  veratrin — in  fact,  its  effect  may  be  permanently  destroyed  by  exposnre  to 
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ol  heat  or  cold.  The  maicle-cone  of  a  brainlns  bog  cooled  Mttfidally,  and  then  poUoned  by 
Ttretrin,  occuknally  0vet  no  indiutions  of  the  action  of  the  poiion  antil  iu  temperature  is 
niied,  and  this  u  not  due  to  noa-absorptioo  of  the  poiion.  Cold,  therefore,  abolishes  or  lessens 
Ihe  contracture  peculiar  to  ■  veratria-curve.  Similar  resnits  are  obtained  with  Baits  of  barium, 
ud  to  a  leas  d^ree  hj  thoce  of  stronlium  and  calcium  (SrmloH  and  CasA).^ 

Smooth  Muscles, — The  muscle-curve  of  smooth  or  non-striped  muscles  is 
similar  to  that  of  the  striped  muscles,  but  the  duration  of  the  contraction  is 
visibly  much  longer,  and  there  are  other  points  of  difference.  Some  muscles 
9xaA  midway  between  these  two,  at  least  as  far  as  the  duration  of  their  con- 
tractions is  concerned. 

.se,  the  adductcn  of  tbe  common  mnnd. 

Contraction -Remainder. — A  contracted  muscle  assumes  its  original 
lengtb  only  when  it  is  extended  by  sufficient  traction,  e.g.,  by  means  of  a 
weight.  Otherwise,  the  muscle  may  remain  partially  shortened  for  a  long 
time.  This  condition  has  been  called  "  contracture  "  {Tiegel),  or,  better, 
contraction-remainder  {Hermann).  This  condition  is  most  marked  in 
muscles  that  have  been  previously  subjected  to  strong,  direct  stimulation,  and 
are  greatly  fatigued,  which  are  distinctly  acid,  and  ready  to  pass  into  rigor 
mortis,  or  in  muscles  excised  from  animals  poisoned  with  veratrin  (fig.  401). 


Lover  curve  ii  tb«  nonoal  muacle-curve  (frojf) ;  upper  one  of  the  same  muscle  vith  Tcralria 
{StirHng). 

"Contracture"  also  occurs  in  man.  Mosso  by  means  of  his  ergograph 
(§  504)  found  that  occasionally  it  was  so  marked  that  the  muscles  so  affected 
sustained  a  weight  of  3  kilos.  It  occurs  at  the  beginning  of  a  series  of  con- 
tractions and  diminishes  with  increasing  fatigue.  It  is  least  marked  when  exe- 
cuting voluntary  contractions,  and  most  marked  during  strong  direct  or 
indirect  muscular  contraction.  Mosso  regards  it  as  a  kind  of  fatigue,  produced 
by  too  strong  stimulation,  manifested  by  a  muscle  at  the  beginning  of  its 
ictivity  (^Mosso). 

Rapidity  of  Muscular  Contraction. — In  man,  single  muscular  move- 
nents  can  be  executed  with  great  rapidity.  The  time- relations  of  such  move- 
ments can  be  ascertained  by  inscribing  the  movements  upon  a  smoked  glass 
>Ute  attached  to  a  tuning-fork.  Fig.  399,  II,  represents  the  most  rapid  volun- 
'ary  movements  that  Landois  could  execute,  as,  eg.,  in  writing  the  letters  »,  n, 
ind  every  contraction  is  equal  to  about  3.5  vibrations  (i  vibration  ^=  0.01613 
iecond)^o.o564  second.  In  III,  the  right  arm  was  tetanized,  in  which  case 
t  to  2.5  vibrations  occur  ^:  0.0323  to  0.0403  second. 

V.  Kries  found  that  a  simple  muscular  twitch,  caused  by  a  single  induction 
hock,  is  shorter  than  a  momentary  voluntary  single  movement.  If  the  thicken- 
ng  caused  by  a  single  voluntary  contraction  of  a  muscle  be  registered  directly, 
he  curve  shows  that  the  contraction  within   the  muscle  lasts  longer  than  the 
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duration  of  the  movement  produced  in  the  passive  motor  apparatus  itself. 
This  paradoxical  phenomenon  is  due  to  the  fact  that^  shortly  after  the  primary 
voluntary  muscular  contraction,  there  is  a  contraction  of  the  antagonistic  mus- 
cles, whereby  a  part  of  the  intended  movement  is,  as  it  were,  cut  off.  During 
the  most  rapid  voluntary  movement  in  human  muscles,  v.  Kries  found  that  4 
stimuli  per  second  were  active,  so  that  a  voluntary  contraction  is  really  a  short 
tetanus. 

Pathological. — In  secondary  degeneration  of  the  spinal  cord  after  apoplexy,  atrofihic  moscolar 
anchylosis  of  the  limbs,  muscular  atrophy,  progressive  ataxia,  and  paralysis  agitans  of  long 
standnig,  the  latent  period  is  lengthened;  while  it  is  shortened  in  the  contracture  of  senile  cborea 
and  spastic  tabes  {^Mendelssohn),  The  whole  curve  is  lengthened  in  jaundice  and  diabrtPi 
(Edinger),  In  cerebral  hemiplegia,  during  the  stage  of  contracture,  the  musple-curve  rr^rmhlri 
the  curve  of  a  muscle  poisoned  with  veratrin,  and  £e  same  is  the  case  in  spastic  spinal  poralyss 
and  amyotrophic  lateral  sclerosis ;  in  pseudo-hypertrophy  of  the  muscles  the  ascent  is  snort  a^ 
the  descent  very  elongated.  In  muscular  atrophy,  after  cerebral  hemiplegia,  and  in  tabes^  the 
latent  period  increases,  while  the  height  of  the  curve  diminishes.  In  chorea,  the  curve  b  shoct 
{^Reaction  of  Degeneration^  \  339).  In  rare  cases  in  man,  it  has  been  observed  that  the  ezeca- 
tion  of  spontaneous  movements  results  in  a  very  prolonged  contraction  (Thomsen's  disease). 
In  such  cases  the  muscular  fibres  are  very  broad,  and  the  nuclei  increased  {^Er^\ 

II.  Action  of  Two  Successive  Stimuli. — Let  two  momentary  stimuli 
be  applied  successively  to  a  muscle :  (A)  If  each  stimulus  or  shock  be  of  itsdf 
sufficient  to  cause  a  *'  maximal  contraction,"  /.^.,  the  greatest 
traction  which  the  muscle  can  accomplish,  then  the  effect  will  vary 
to  the  time  which  elapses  between  the  application  of  the  two  stimulL 
the  second  stimulus  is  applied  to  the  muscle  after  the  relaxation  of  the 
following  upon  the  first  stimulus,  we  obtain  merely  two  maximal  coni 
(J})  If,  however,  the  second  stimulus  be  applied  to  the  va!Q&x\t .during 
that  the  effect  of  the  first  is  present,  /.^.,  while  the  muscle  is  in  the 
contraction  or  of  relaxation ;  in  this  case  the  second  stimulus  causes  li^ 
maximal  contraction,  according  to  the  time  of  the  particular  phase  of  thee 
traction,  (r)  When,  lastly,  the  second  stimulus  follows  the  first  so  rapid] j 
that  both  occur  during  the  latent  period,  we  obtain  only  one  maximal  contrac- 
tion (z;.  Helmhoitz),  It  is  to  be  specially  noted  that  a  single  maximal  stimulus 
never  excites  the  same  degree  of  shortening  as  tetaaic  stimulation  (IIT),  but 
only  about  yi  of  the  height  of  the  contraction  in  tetanus. 

TB)  If  the  stimuli  be  not  maximal,  but  only  sueh  as  cause  a  medium  or 
suDmaximal  contraction,  the  effects  of  both  stimuli  are  superposed,  or  there 
is  a  summation  of  the  contractions  (fig.  402).     It  is  of  no  consequence  at 

what  particolar  phase 
of  the  primary  cos- 
traction  the  second 
shock  is  applied.  lo 
all  casesy  the  second 
stimulus  causes  a  coo- 
traction,  just  as  if  the 
^Z7 — ^  Y  ,  /       \  \  phase  of  contractioc 

caused    by    the    fiist 

rj   ^  r  ^     \  shock  was  the  natural 

/  Nv    \  passive  form   of  the 

J     _  -^  ^^\rf^^^^"-v^,.^ *^..,^^   muscle,  I.  ^.,  the  new 

^  contraction  (i,  r) 

.     r^'  ^^^' .         „  starts  from  that  pc»nt 

I,  two  successive  sub-maximal  contractions;  II,  successive  contrac-  from    an    aWwdsa 

tions  produced  by  stimulating  a  muscle  with  12  induction  shocks  .^               T    A^     '^^^ 

per  second;  III,  curve  produced  with  very  rapid  induction  shocks  C"8*  4^2, 1,  a),    IIHS, 

(complete  tetanus).  under  favorable  ccKi- 
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ditions,  the  contraction  may  be  twice  as  great  as  that  caused  by  the  first 
stimulus.  The  most  favorable  time  for  the  application  of  tlic  second  stimulus 
is  ^ih  second  after  the  application  of  the  first  {SewaW).  The  effects  of  both 
stimuli  are  obtained  even  when  the  second  stimulus  is  applied  during  the  latent 
period  (v.  Helmholti). 

Tbe  sccoDd  contraction  of  r  Enmmated  coatractioii  teacbes  id  height  in  a  shorter  time  than 
the  fim  one  would  have  done  [y.  Frty,  v.  Kries),  i.  t.,  in  fig.  401  the  time  foi  i  tit  ihorter  thMl 
for  a  i. 

III.  Tetanus — Summation  of  Stimuli. — If  stimuli,  each  capable  of 
causing  a  contraction,  and  following  each  other  with  medium  rapidity,  be 
applied  to  a  muscle,  the  muscle  has  not  sufficient  time  to  elongate  or  relax  in 
the  intervals  of  stimulation.  Therefore,  according  to  the  rapidity- of  the  sac- 
cessive  stimuli,  it  remains  in  a  condition  of  continued  vibratory  contraction, 
or  in  a  state  of  tetanus.  Tetanus  is,  however,  not  a  continuous  uniform  con- 
dition of  contraction,  but  it  is  a  discontinuous  condition  or  form  of  the  muscle, 
depending  upon  the  summation  or  accumulation  of  contractions.  If  the 
stimuli  are  applied  with  moderate  rapidity,  the  individual  contractions  appear 
in  the  carve  (fig.  40a,  II) ;  if  they  occur  rapidly,  and  thus  become  superposed 


Fig.  403. 
Carvei  ihovring  the  analyiis  of  tetanus  of  a  fn^'s  mnscle  (gastrocDCailut)  ;  the  nntnben  onder 
the  curve  indicate  the  number  of  shocks  per  second  applied  to  the  muscle.    There  is  almoM 
complete  tetanus  with  25  per  sec.  and  it  is  a  little  lo*er  than  the  previous  one,  because  the 
maicle  wai  «lightlf  fatigued  [Stirling). 

and  fused,  the  curve  appears  continuous  and  unbroken  by  elevations  and 
depressions  (fig.  401,  III).  As  a  fatigued  muscle  contracts  slowly,  it  is  evident 
that  such  a  muscle  will  become  tetanic  by  a  smaller  number  of  stimuli  per 
second  than  will  sufAce  for  a  fresh  muscle  {Marty).  All  muscular  movements 
of  long  duration  occurring  in  our  bodies  are  probably  tetanic  in  their  nature 
iEii.   Weber). 

The  number  of  stimuli  requisite  to  produce  tetanus  varies  in  different 
animals,  and  in  different  muscles  of  the  same  animal.  About  15  stimuli  per 
second  are  required  to  produce  tetanus  in  the  muscles  of  the  frog  (hyoglossus 
only  10,  gastrocnemius  27,  fig.  403);  very  feeble  stimuli  (more  than  30  per 
second)  cause  tetanus  {Kronecker)  \  the  muscles  of  the  tortoise  become  tetanic 
with  2  to  3  shocks  per  second  ;  the  red  muscles  of  the  rabbit  by  10,  the 
pale  by  over  ao  {Kronecker  and  Stirling) ;  muscles  of  birds  not  even  with  70 
(Martf) ;  muscles  of  insects  330  to  340  per  second  {Marey).  Tetanic 
stimulation  of  the  muscles  of  the  crayfish  (Astacus)  and  also  in  Hydrophilus, 
may  cause  rhythmical  contractions  {Richet),  or  rhythmically  interrupted 
tetanus  {Sckonbein). 

[The  number  of  stimuli  required  to  produce  tetanus  in  a  frog's  gastrocnemius 
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is  shown  in  fig.  403,  and  slso  various  stages  of  incomplete  tetanus  hj  apidica- 
tioDsof  4,  6,  S,  10,  15,  30, 15 
stimuli  per  second,  the  b$c 
showing  almost  complete  te- 
tanus.] 

f Summation  of  Stim- 
uli.— If  a  stimulus,  insuffi- 
cient in  itself  to  cause  con- 
traction of  a  muscle,  be  re- 
peatedly applied  to  a  muscle 
in  proper  tempo  and  of  soffi- 
cienl  strength,  at  first  a  slight 
laximal  contraction  may  be  produced.  This  process 
nervous  tissue  (§  360).] 


Fig.  404. 

Foot  groupi  of   contractions ;    interval  01  stimublioo 
wcondi,  and  5  minutes'  pause  between  two  groupt. 


lie   or   "  Treppe.'' — Bowditch  showed  that  the  cardiac  contractioos  exUbiled  ■ 

"  character,  i.  e.,  the  height  of  the  lecond  beat  is  grciier  than  that  of  (he  Gist ;  ani 

■he    third   than    that   of  tbt 

I,  second  (p.   100}.     Tbe  ant 

dCCort  in  tbe  case  of  Ihe  bb- 

des  of  the  firog  (  Titgri,  ifnaO 

and  in  mammais  ^Xeaiati). 

BSbribowed  that  tbetoctM 

Eive    ascendinK    apicet  in  1 

tetanos-cnrre    have    leallr  s 

staircue  character,    and  iba 

its  exact  foim  is  Ihkt  of  a  h;- 

perbola.     Bohr  fonnd  tlut  (l) 

thi;    form — the      mosde    no 

being  fatigned — Bindependot 

of  the  strength  and  &«ineKt 

oftheMimnli.   (z)  Tfaebei^ 

of  tbe  leries  of  contracliool  ic 

iq-  .0-  tetanus  is  ind<prad«it  of  tl« 

frequency  of  tbe   aimuli,  ib- 

I,  Vibration  obtained  from  Sexor  brevis  polhcis;  II,  (rom  the  crease   of   freqiiemcj    nwrctj 

extensor  digiti  tertit.  cam' 

(3)  The  height  of  the  staircase  increases — within  certain  limits — with 
lus.  Buckmaster  has  confirmed  this  for  simple  contractioos,  bat  as  shi 
stimuli  are  minimal  or  sub-maiimal,  there  is  usually  no  staircase  chat 
but  maximal  stimuli  always  cause  it.] 

A  continued  voluntary  contraction  in  man  consists 
contractions  rapidly  following  each  other.     Every  such 

carefully   analyzed,  consists    of    intermittent    vibrations,  ____ 

maximum  when  a  person  shivers  (£1^.  Weber).  [Baxt  found  thai  the  simplot 
possible  voluntary  contractions,  e.g.,  striking  with  the  index  finger,  occupies  at. 
an  average  nearly  twice  as  long  a  time  as  a  similar  movement  discharged  \>j  > 
single,  induction -shock.] 

The  number  of  single  impulses  sent  to  our  muscles  during  a  voluntiir 
movement  is  tolerably  variable,  during  a  slow  contraction  =  8  to  13,  and 
during  a  rapid  contraction  =  18  to  20  impulses  per  second.  Fig.  405,  1. 
represents  a  myogram  of  a  sustained  contraction  of  the  flexor  brevis  poUicii 
and  abductor  pollicis,  recorded  on  a  vibrating  plate.  The  wave-like  elevatioo; 
indicate  the  single  impulses,  each  tooth  =  o.oi6r3  second.  II,  is  a  simiUi 
curve  registered  by  the  extensor  digiti  tertii  <^Landois).  [Schafer  finds  thai 
prolonged  voluntary  contraction  in  man  is  an  incomplete  tetanus  produced  hj 
8  to  13  successive  nervous  impulses  per  second.  About  10  per  second  may  bt 
taken  as  the  average.] 
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Dnradon  of  Tetuiaa. — A  teuniied  miucle  caoDot  renuin  contracted  lo  (he  nme  extent  for 
■n  tDdefiniie  period,  eica  if  Ibe  ttinniU  are  kept  eaiulani.  It  gradually  b^ni  to  elongate,  at 
fin(  somewhat  rapidlj,  and  then  more  alowly,  owing  to  the  occucrence  of  faiigne.  If  the  tetanic 
(bmnlMion  it  arrested,  the  mnscle  does  not  regain  its  original  position  and  ihape  at  once,  but  a 
cgotFadioQ-reniaiiKler  existi  for  a  Cdtaiu  time,  this  being  more  evident  after  stimulatica  with 
indnction  shoclu. 

[IV.  If  very  rapid  induction  shocks  (224  to  360  per  second)  be  applied 
to  a  muscle,  the  tetanus  after  a  so-called  "  initial  contraction  "  {Bemslein) 


Fig.  406. 
Carres  obtained  lioni  red  (upper)  and  pale  (lowr)  muscles  of  a  rabbit,  \yf  stimulating  the  sciatic 
Dcrre  with  ■  tingle  induction  ihoclt.    Tb«  lowest  line  indicates  lime,  and  is  divided  into 
y^  J  second  (KrvHtdtr  and  StirltKg). 

may  cease  {Hariess,  Heideithain).  This  occurs  most  readily  when  the  nerves 
arc  cooled.  Kronecker  and  Stirling,  however,  found  that  stimuli  following 
each  other  at  greater  rapidity  than  24,000  per  second  produced  tetanus.] 

JTone-iaductMium  of  Kronecker  and  Stirling. — Tbis  Epparaiiu  (lig.  40S),  consists  of  a 
of  iron,  d,  liied  in  an  iron  nprigbt  at  a.  The  primary,  j„  and  aecDnda^  i[Hral,  i,„  rcM  on 
wood«n  •appoita,  which  can  be  jxished  over  both  ends  of  the  tod.  One  end  of  the  lod  lies 
between  Icalhei  rollers.y  and  g,  which  can  be  made  to  nib  on  tbe  rod  by  moving  the  toothed 


Fig.  407- 
Make  vaA  t>reak  induction  iboclu  of  300  units,  applied  at  inter 
(lower)  and  red  (opper)  mojcles  of  ■  rabbit.     The  lowest  lii 
antl  SiMitie). 

wheeU,  A.  In  lbi«  way  a  tone  is  produced  t^  the  loneitudinal  vibrations  of  tbe  rod.  the 
QombeT  of  vibrations  being  proportional  to  the  length  of  the  rod.  so  that  by  means  of  this  insiru- 
ateaX  we  can  produce  from  1000  to  24,000  alternating  induction  shocks  per  second.] 

Zsomctiical  Muscular  Acts. — Fick  has  recently  investigated  the  changes 
— tension — undergone  by  a  muscle  when  it  is  stimulated,  and  when  its  length 
remains  constant,  and  he  calls  this  process  an  "  isometrical  muscular  act." 
tie  finds  that  a  voluntary  contraclion  in  an  isometrical  act  in  man  causes  a 
ligher  tension  than  a  contraction  excited  electrically.     In  the  frog,  the  tension 
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is  nearly  twice  as  great  during  tetanus  as  during  a  single  maximal  minctiUr 
contraction ;  in  human  muscles,  Jt  may  be  ten  times  as  great. 

299.— RAPIDITY  OF  TRANSMISSION  OF  A  CONTRAC- 
TION.— I.  If  a  long  muscle  be  stimulated  at  one  end,  a  contraction 
occurs  at  that  point,  and  is  rapidly  propagated  in  a  wave-like  maanei  tbrougb 
the  whole  length  of  the  muscle,  until  it  reaches  its  other  end.  The  conditiiH] 
of  excitement  or  molecular  disturbance  is  communicated  to  each  succesdn 
part  of  the  muscle,  in  virtue  of  a  special  conductive  capacity  of  the  miscle. 
The  mean  velocity  of  the  contraction-wave  is  3  to  4  metres  per  secdhd  in 
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Modifying  Influences. — Cold  (fig-  410),  fatigue,  approaching  death,  and 
many  poisons  [veratrin,  KCy]  diminish  the  velocity  and  the  height  of  the  con- 
traction-wave, while  the  strength  of  the  stimulus  and  the  extent  to  which  the 
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Pincei  my<^>phiqiie»  of  Mntf  (i  toi  a);  i'  aod  z'  recording  tambonn. 

Diuscle  is  loaded  arc  without  -any  effect  upon  the  velocity  of  the  wave  {Aefy}. 
In  excised  muscles,  the  size  of  the  wave  diminishes  as  it  passes  along  the  mus- 
cle, but  this  is  not  _ 
the  case  in  the  mus- 
cl«  of  living  men 
and  animals.  The 
contraction  -  wave 
never  passes  from 
onemuscular  fibre  to 
a  neighboring  fibre. 

[Fig.  410  sboirs  Ihe 
cScct  of  cold  on  the 
miucles  of  a  rebbil,  in 
:)cUfing  Ihe  contnc- 
Joo-waTt  There  ia  ■ 
longer  disunce  between 
'm  the  lower  Ihi 


i  and  t,  obtained  from  a  rabbil's  muscle  by  the 
o  curvet  from  ihe  Mine  inutcle 


nlheni 


=•■1 


1.  If  a  long  muscle  be  stimulated  locally  near  its  middle,  a  contraction- 
mve  is  propagated  towards  both  ends  of  the  muscle.  If  several  points  be 
;timulated  simultaneously,  a  wave  movement  sets  out  from  each,  the  waves 
passing  over  each  other  in  their  course  {Schiff). 

3.  If  a  stimulus  be  applied  to  the  motor  nerve  of  a  muscle,  an  impulse  is 
ipecially  communicated  to  every  muscular  fibrt ;  a  con  tract  ion -wave  begins  at 
lie  end-organ  [motorial  end-plate],  and  must  be  propagated  in  both  directions 
iloDg  the  muscular  fibres,  whose  length  is  only  5-9  centimetres.  As  the  length 
>f  the  motor  fibres  from  the  nerve-trunk  to  where  they  terminate  in  (he  mo- 
;orial  cnd-platcs  is  unequal,  contraction  of  all  the  muscular  fibres  cannot  take 
ilace  absolutely  at  the  same  moment,  eis  the  nerve-impulse  takes  a  certain  time 
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to  travel  along  a  nerve.  Nevertheless,  the  difference  is  so  small  that,  when  a 
muscle  is  caused  to  contract  by  stimulation  of  its  motor  nerve,  practically  the 
whole  muscle  appears  to  contract  simultaneously  and  at  once. 

4.  A  complete,  uniform,  momentary  contraction  of  all  the  fibres  of  a  muscle 
can  only  take  place  when  all  the  fibres  are  excited  at  the  same  moment.  This 
occurs  when  the  electrodes  are  placed  at  both  ends  of  the  muscle,  and  an 
electrical  stimulus  of  momentary  duration  passes  through  the  whole  length  of 
the  muscle. 

300.  MUSCULAR  WORK. — Muscles  are  most  perfect  machines,  not 
only  because  they  make  the  most  thorough  use  of  the  substances  on  which  their 
activity  depends  (§  217),  but  they  are  distinguished  from  all  machines  of  human 
manufacture  by  the  fact  that  by  frequent  exercise  they  become  stronger,  and 
are  thereby  capable  of  accomplishing  more  work  {Du  Bois-Reymondy 

The  amount  of  mechanical  work  (W)  which  a  muscle  can  perform  b 
equal  to  the  product  of  the  weight  lifted  (/)  and  the  height  to  which  it  is  lifted 
(^),  /.  ^.,  W  =  ph  {Introduction),  or 

height  X  weight  =  work. 

Hence  it  follows  that  when  a  muscle  is  not  loaded  (where/  =  o),  then  w  must 
be  =  o,  i.e.,  no  work  is  performed.  If,  again,  it  be  overloaded  with  too  great  a 
load,  so  that  it  is  unable  to  contract  (Ji  =  o),  here  also  the  work  is  nil.  Be- 
tween these  two  extremes  an  active  muscle  is  capable  of  doing  a  certain  amount 
of  "  mechanical  work." 

I.  Work  with  Maximal  Stimulation. — When  the  strongest  possible,  or 
maximal  stimulus  is  applied — /.  e.,  when  the  strength  of  the  stimulus  is 
such  as  to  cause  a  muscle  to  contract  to  the  greatest  possible  extent  of  which  it 
is  capable,  the  amount  of  work  done  increases  more  and  more  as  the  weight  is 
increased,  but  only  up  to  a  certain  maximum.  If  the  weight  be  gradually  in- 
creased, so  that  it  is  lifted  to  a  less  height,  the  amount  of  work  diminishes 
more  and  more,  and  gradually  falls  to  be  =  o,  when  the  weight  is  not  lifted  at 
all. 

Example  of  the  work  done  by  a  frog's  muscle  {Ed,  Weber) : — 


Weight  lifted  in  Gnnu. 

Height  in  Millimetres. 

Work  done  in  Grmm-MOUmetRS. 

i 

5 

25 

1                       ^^ 

1         . ,                — 

27.6 

as.i 
"45 

7.3 

138 
376 
286 
220 

[Suppose  a  muscle  be  loaded  with  a  certain  number  of  grams,  and  then  caused  to  oontiacl, 
we  get  a  certain  height  of  contraction.  Fig.  411  shows  the  result  of  an  experiment  of  this  kind. 
The  vertical  lines  represent  the  height  to  which  the  weights  (in  grams)  noted  under  them  werv 
raised,  so  that,  as  a  rule,  as  the  weight  increases  the  height  to  which  it  is  raised  decreases.] 

Laws  of  Muscular  Work. — i.  A  muscle  can  lift  a  greater  load  the 
larger  its  transverse  section,  1.  e.,  the  more  fibres  it  contains  arranged  parallel 
to  each  other. 

2.  The  longer  the  muscle,  the  higher  it  can  lift  a  weight. 

3.  When  a  muscle  begins  to  contract,  it  can  lift  the  largest  load ;  as  the  con- 
traction proceeds,  it  can  only  lift  a  less  and  less  load,  smd  when  it  b  at  its 
maximum  of  shortening,  only  relatively  very  light  loads. 

4.  By  the  term  "  absolute  muscular  force  "  is  meant,  according  to  Ed. 
Weber,  just  the  weight  which  a  muscle  undergoing  maximal  stimulation  is  no 
longer  able  to  lift  (the  muscle  being  in  its  normal  resting  phase),  and  without 
the  muscle  at  the  nioment  of  stimulation  being  elongated  by  the  weight* 
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900 
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Fig.  411. 


Height  to  which  each  of  the  weights 
is  raised. 


Comparative. — CompariDg  the  absolute  muscular  force  of  different  muscles,  eyen  in  dif- 
ferent animals,  it  is  usual  to  calculate  it  with  reference  to  that  of  a  square  centimetre.  The  mean 
transverse  section  of  a  muscle  is  obtained  by  dividing  its  volume  by  its  length.  The  volume  is 
equal  to  the  absolute  weight  of  the  muscles  divided  by  its  specific  gravity  =  1058.  The  absolute 
muscular  force  for  I  p  centimetre  of  a  frog's  muscle  =  2.8  to  3  kilos.  [6.6  lbs.]  {J,  Rosenthal) ; 
for  I  n  centimetre  ofhuman  muscle  =  7  to  8  {Henke  and  Knor%),oT  even  9  to  10  kilos.  [20  to 
23  Ibstj  (Korster^  Haughton),  Insects  can  perform  an  extraordinary  amount  of  work — an  in- 
sect can  drag  akmg  sixty-seven  times  its  body-weight ;  a  horse  scarcely  three  times  its  own 
weight. 

5.  During  tetanus,  when  a  weight  is  kept  suspended,  no  work  is  done  as 
long  as  the  weight  is  suspended,  but  of* 
course  work  is  done  in  the  act  of  lifting  the 
load.  To  produce  tetanus,  successive  stim- 
uli are  required,  the  muscular  metabolism  is 
increased,  and  fatigue  rapidly  occurs.  The 
potential  energy  in  this  case  is  converted  into 
heat  (§  302).  When  a  muscle  is  stimulated 
with  a  maximal  stimulusy  it  cannot  lift  so 
great  a  weight  with  one  contraction  as  when 
it  is  stimulated  tetanically  {Hermann),  The 
energy  evolved,  even  during  tetanus,  is 
greater  the  more  frequent  the  stimulation,  at 
least  up  to  100  stimuli  per  second  {Bernstein). 

II.  Medium  Stimuli. — If  a  raascle  be 
caused  to  contract  by  stimuli  of  moderate 

strength,  i,  /.,  such  as  do  not  cause  a  maximal  contraction,  there  are  two  possi- 
bilities ;  Either  the  feeble  stimulus  is  kept  constant  whilst  the  load  is  varied,  in 
which  case  the  amount  of  work  done  follows  the  same  law  as  obtains  for  maximal 
stimulation;  or,  the  load  may  be  kept  the  same,  whilst  the  strength  of  the 
stimulus  is  varied.  In  the  latter  case  Fick  observed  that  the  height  to  which 
the  load  was  lifted  increased  in  a  direct  ratio  with  the  strength  of  the  stimulus. 

The  stimulus  which  causes  a  muscle  to  contract  must  reach  a  certain  strength  or  intensity  before 
it  beccMnes  effiective,  1.  ^.,  the  **  Hminal  intensity  "  of  the  stimulus,  but  this  is  independent  of 
the  wei^  applied  to  the  muscle.  With  mininud  stimuli,  a  small  weight  is  raised  higher  than  a 
large  one,  bot  as  the  stimulus  is  increased,  the  contractions  also  increase  in  a  larger  ratio  with  an 
increased  load  {v,  JCries). 

The  blood-stream  within  the  muscles  of  an  intact  body  is  increased  during 
muscular  activity.  The  blood-vessels  of  the  muscle  dilate,  so  that  the 
amount  of  blood  flowing  through  them  is  increased  {Ludwig  and  Sczelkow),  At 
the  time  that  the  motor  fibres  are  excited,  so  also  are  the  vaso-dilator  fibres, 
which  lie  in  the  same  nervous  channels  (§  294,  II).  [Gaskell  found  that  fara- 
dization of  the  nerve  of  the  mylo-hyoid  muscle  of  the  frog  not  only  caused  teta- 
nus of  the  muscle,  but  also  dilatation  of  its  blood-vessels.  J 

Testing  Individual  Musclefs. — In  estimating  thcf  absolute  force  of  the  indwidual  muscles 
or  groups  of  muscles  in  man,  we  must  always  pay  particular  attention  to  the  physical  relations,  j.  ^., 
to  the  arrangement  of  the  levers,  direction  of  the  traction,  degree  of  shortening,  etc.  (§  306). 
D3rnainometer. — The  absolute  force  of  certain  groups  of  muscles  is  very  conveniently  and  prac- 
tically ascertained  by  means  of  a  dynamometer  (fig.  412).  This  instrument  is  very  useful  for 
testing  the  difference  between  the  power  of  the  two  arms  in  cases  of  paralysis.  The  patient  grasps 
the  instimneat  in  his  hand  and  an  index  registers  the  force  exerted.  Quetelet  has  estimated  the 
force  of  certain  muscles — the  pressure  of  both  hands  of  a  man  to  be  =  70  kilos. ;  while  by  pul- 
ling he  can  move  double  this  weight.  The  force  of  the  female  hand  is  one-third  less.  A  man 
can  carry  more  than  double  his  own  weight ;  a  woman  about  the  half  of  this.  Boys  can  carry 
about  one-third  more  than  girk.  [Very  convenient  dynamometers  are  made  by  Salter  of  Bir- 
mingham, both  for  testing  the  strength  of  pull  and  squeeze ;  in  testing  the  former,  the  instru- 
ment is  held  as  an  archer  holds  his  bow  when  in  the  act  of  drawing  it,  and  the  strength  of  pull  is 
given  by  an  index ;  in  the  latter  another  form  of  the  instrument  is  used.    Large  numbers  of  ob- 


624  ELASTICITY   OP   MUSCLE,  [ScC.  JOO. 

servations  were  made  by  meanl  of  these  instrnmeaU  by  Francii  GaltOD  at  tbe  Health  ExhibidcD, 
iSSs.] 

Amount  of  Work  Daily.— In  estimHting  the  work  done  by  >  man,  we  have  to  cobskIb,  doI 
only  the  amount  of  work  done  at  any  one  momeDt,butbow  often,  time  after  time,  he  can  locttid 
in  doing  work.  The  mean  value  of  the  daily  work  of  a  man  worldi^  eight  houn  a  day  b  id 
(10.5  to  II  at  most)  kilogtam-melres  per  second,  i.e.,  b  daily  amount  of  work  —  iS&foo 
(300,000)  kilogram- metre  I. 

[Ergoatat.— Sometimes  it  is  desirable  that  patients — especially  those  wbo  anffier  bom  ens- 
'  ce — should  do  a  certain  amount  of  work  daily ;  this  can  be  carried  out  by  Gaemwri 
Ergostat,  which  resembles  a  wiudi,  driico  b) 
a  handle.  The  pressure  npon  the  wheel  cm  l« 
regulated  by  means  ofa  strap,  lever,  and  weigha, 
and  according  (o  the  weight  and  DambeT  a! 
revolutions  of  the  wheel,  can  the  amaul  li 
mechanical  work  be  aecuralcly  regulated.  Tlis 
instrumeot  is  recommended  for  chenpcmial 
purposes  ] 

Modifying  Conditions. — U 
after  being  introduced  into  the  body,  i 
and  ultimately  paralyie  the  production  of  wx^ 
— mercury,  digitalin,  helleboiin,  potaih  aia. 
etc.  Others  increaae  the  muscnlar  actinir— 
veratrin  (XesiiatA),  glycogen,  [caSan,  mi 
allied  alkaloids],  muscarin,  (.ATi^  aHtf  Fr.  Hdgyis),  kreatm  and  bypoxanthin  ;  extiact  of  aca 
rapidly  restores  the  muscles  after  fatigue  (JCoicr/).  [Those  dniga  which  excite  mttscnUrltBH 
restore  it  alter  fatigue.  Kieatin  is  a  waste  product  of'muBcle,  and  beef-lea  and  Liebig's  otna 
of  meat  perhaps  owe  their  restorative  qualities  partly  to  these  extractives.] 

301.  THE  ELASTICITY  OF  MUSCLB.—PbyBical.— Every  elastic  body  has  its 
"  natural  shape,"  i.e.,  its  shape  when  no  external  force  (tension  or  pressure)  acta  upon  it  sou  10 
distort  it.  Thus,  tbe  passive  muscle  has  a  "  natural  form."  If,  however,  a  mnsde  be  eitesdcd 
in  the  course  of  its  nbKs,  the  parts  of  the  muscle  are  evidently  pulled  asunder.  If  the  stretdiBt 
be  carried  only  to  a  certain  d^ree,  the  muscle,  in  viitueof  its  elasticity,  will  regain  its  nitcni 
form.  Such  a  body  is  said  to  possets  ■>  complete  elaMicity,"  t.  e.,  after  beii^  stretched  it  re- 
gains exactly  its  original  shape.     By  the  term  "  amount  of  elaaticity  "  (Bi«diihu)  is  rneaU  'bt 


Fig.  412- 
Dynamometer  of  Mathien. 


Fig.  413.  Fig.  414.  Fig.  415,  I 

Fig.  413. — Curve  of  elasticity  from  an  inwganic  body  (india-rohber)-  Fig.  414. — Curve  of  dav 
tichy  from  the  sartonus  of  a  frog,  obtained  by  adding  equal  increments  of  weight  at  A.  B, 
C,  etc.  Fig.  415  — Curve  of  elasticity  produced  by  continuous  extension  and  recoil  of  a  fngi 
muscle  1  D  .r,  abscissa  before,  x'  after  extension. 

weight  (expressed  in  kilograms]  oeceKsary  to  extend  an  elastic  body  I  [J  luillimetre  tn  dianelcr. 
its  own  length,  without  the  body  breaking.  Of  course  many  bodies  are  ruptured  before  this  oom^ 
For  a  passive  muscle  h  is  ^  0.3734  [  f^u'ii')  [that  of  bone  =  2164  (  Wertkeim),  tendoo  - 
1.6693,  nerves  1.090S,  the  aiteiial  walls  =  0.0726  (  H'uif^).]  Thut,  the  amount  of  elastidti 
of  a  passive  muscle  is  small,  as  it  requires  Only  aslighl  stretching  force  to  extend  it  to  its  own  lengtb. 
It  has,  therefore,  QO  great  amount  of  elasticity.  'Die  term  "  coefficient  of  elaaticity  "  is  afffid 
to  the  fraction  of  the  length  of  an  elastic  liody,  to  which  it  is  elongated  by  the  unit  0*  wHjki 
applied  to  stretch  it.  It  is  large  in  a  passive  muscle.  If  the  tension  be  suffideolly  gnat.  tb< 
elastic  body  ruptures  at  !ast.  The  "  carrying  cafaHly  "  of  muscular  tissue,  until  it  inplBm.  B 
in  the  following  ratios  for  youth,  middle,  and  old  age,  nearly  7:3:2.  [Instead  of  the  wvi 
"  elasticity,"  Brunlou  si^ests  the  >ise  of  extensibility  and  retractibility,  terms  suggested  ^ 
Marey,  the  one  referable  to  tbe  elongation  on  tbe  applicaliou  of  a  weight,  and  the  other  to  ik 
shortening  after  its  removal.] 

Curve  of  Elasticity. — In  inorganic  elastic  bodies  the  line  of  elongxlioii 
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or  the  extension^  is  cUrecily  proportioned  to  the  extending  weight  (]loo)s£s  law)  in 
inorganic  bodies,  and  therefore  in  muscle  this  is  not  the  case,  as  the  weight  is 
continually  increased  by  equal  increments — the  muscle  is  less  extended  than  at 
the  beginning,  so  that  the  extension  is  not  proportional  to  the  weight.  If  equal 
weights  be  added  to  a  scale-pan  attached  to  a  piece  of  india-rubber,  with  a 
writing-lever  connected  with  it,  and  writing  its  movements  on  a  plate  of  glass 
that  can  be  moved  with  the  hand,  we  get  such  a  curve  as  in  fig.  413,  while,  if 
the  same  be  done  with  the  sartorius  of  a  frog,  we  get  a  result  similar  to  fig.  414. 
A  straight  line  joins  the  apices  of  the  former,  while  the  curve  of  elasticity  is 
a  hyperbola,  or  something  near  it,  in  the  latter  case. 

Elastic  After-Effect, — ^At  the  same  time,  after  the  first  elongation,  corre- 
sponding to  the  extending  weight,  is  reached,  the  muscle  may  remain  for  days, 
and  even  weeks,  somewhat  elongated.  This  is  called  the  *^  elastic  after-effect^* 
(§  ^5)-  [Marey  attached  a  lever  tp  a  frog's. muscle,  and  allowed  the  latter  to 
record  its  movements  on  a  slowly  revolving  cylinder.  To  the  lever  was  fixed 
a  vessel  into  which  mercury  slowly  flowed.  This  extended  the  muscle,  and 
when  it  had  ceased  to  elongate,  the  mercury  was  allowed  slowly  to  run  out 
again.  The  curve  obtained  is  shown  in  fig.  415.  The  abscissae,  o  x  and  ^, 
indicate  the  position  of  the  writing  style  before  and  after  the  experiment,  and 
we  observe  that  xf  is  lower  than  ^  ^,  so  that  the  recoil  is  imperfect.  There  has 
been  an  actual  elongation  of  the  muscle,  so  that  the  limit  of  its  elasticity  is 
exceeded.  Although  a  frog's  gastrocnemius  maybe  loaded  with  1500  grams 
without  rupturing  it,  100  grams  will  prevent  its  regaining  its  original  length.] 

Method. — In  order  to  test  the  elasticity  of  a  muscle,  fix  it  to  a  support  provided  with  a 
graduated  scale,  and  to  the  lower  end  of  the  muscle  attach  a  scale-pan,  in  which  are  placed 
▼arioos  weights,  measuring  on  each  occasion  the  corresponding  elongation  of  the  muscle  thereby 
obtained  (Ed,  Weber),  In  order  to  obtain  the  curve  of  elongation  or  extensibility,  take  as 
abscissae  the  successive  units  of  weight  added,  and  the  elongation  corresponding  to  each  weight 
as  ordinates.     Example  from  the  hyoglossus  of  the  frog : — 

r 
I 


Weight  in  Gram*. 

Length  of  the  Muscle 
in  Millimetres. 

Extension. 

In  Millimetres. 

—       1 
Percentage. 

0.3 
1.3 
2.3 

3-3 
4.3 
5.3 

24.9 
30.0 

32.3 
33.4 
342 
34.6 

•        • 

5.1 

2.3 
I.I 

0.8 

0.4 

•        • 

20 

7 

3 

2 

I 

I 


The  elasticity  of  passive  muscle  is  small  in  amount,  but  very  com- 
plete, and  is  comparable  to  that  of  caoutchouc.  Small  weights  greatly  elongate 
a  muscle.  If  the  weights  be  uniformly  increased,  there  is  not  a  uniform  elonga- 
tion ;  with  equal  increments  of  weight,  the  greater  the  load,  the  increase  in 
elongation  always  becomes  less ;  or,  to  express  it  in  another  way,  the  amount 
of  elasticity  of  the  passive  muscle  increases  with  its  increased  extension  (Ed, 
JVeder), 

In  inorganic  bodies  the  curve  of  extension  is  a  straight  line,  but  in 
organic  bodies  it  more  closely  resembles  a  hyperbola  (  Wertheim),  The 
elasticity  of  a  passive  fatigued  muscle  does  not  differ  essentially  from  that  of  a 
non-fatigued  muscle. 

Fresh  Muscles. — Muscles  in  the  living  hody,  and  still  in  connection  with  their  nerves  and 
blood-vessels,  are  more  extensible  than  excised  ones.     Muscles,  when  quite  fresh,  are  elongated 
(within  certain  small  limits  as  regards  the  weight)  at  first  with  a  uniformly  increasing  weight,  to 
40 
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an  extent  proportional  to  the  latter,  jast  as  with  an  inorganic  body.  When  heavj  wdghts  ire 
used,  we  roust  he  careful  to  take  into  consideration  the  ^^  elmtic  after-effect''^  ({  65). 

The  volume  of  a  stretched  muscle  is  slightly  less  than  an  unstretched  one,  similar  to  tbe  cob- 
tracted  (J  297,  2)  and  siiffened  muscle  (J  295). 

Dead  muscles  and  muscles  in  rigor  mortis  have  a  greater  amount  of  elasticity,  t.  ^,  tber 
require  a  heavier  weight  to  stretch  them  than  fresh  muscles ;  but,  on  the  other  hand,  the  dis^dty 
of  dead  muscles  is  less  complete,  i,  e.,  after  they  are  stretched,  they  only  recover  their  origimb 
form  within  certain  limits. 

Elasticity  of  Intact  Muscles. — Normally,  within  the  body,  the  miKcle 
are  stretched  to  a  very  slight  extent,  as  can  be  shown  by  the  slight  degree  of 
retraction  which  occurs  when  the  insertion  of  a  muscle  is  divided.  This  slight 
degree  of  extension,  or  stretching,  is  important.  If  this  were  not  so,  when  a 
muscle  is  about  to  contract  and  before  it  could  act  upon  a  bone  as  a  lever,  \\ 
would  have  to  "take  in  so  much  slack.*'  The  elasticity  of  muscles  is  mani- 
fested during  the  contraction  of  antagonistic  muscles.  The  position  of  a  pas- 
sive limb  depends  upon  the  resultant  of  the  elastic  tension  of  the  different 
muscle  groups. 

The  elasticity  of  an  active  muscle  is  less  than  that  of  a  passive  muscle, 
/'.  ^.,  it  is  elongated  by  the  same  weight  to  a  greater  extent  than  a  passive 
muscle.  For  this  reason  the  active  muscle,  as  can  be  shown  in  an  excised  con- 
tracted muscle,  \%  softer ;  the  apparently  great  hardness  manifested  by  stretched 
contracted  muscles  depends  upon  their  tension.  When  the  active  muscle  be- 
comes fatigued,  its  elasticity  is  diminished.  [This  is  really  seen  in  a  fatigne- 
curve,  where  the  muscle  lever  no  longer  reaches  the  abscissa]  (§  304). 

Method. — Ed.  Weber  took  the  hyoglossus  muscle  of  a  frog  and  suspended  It  voticalh, 
noticing  its  length  when  it  was  passive.  It  was  then  tetanized  with  induction  shocks,  and  m 
height  again  noted.  One  after  the  other  heavier  weights  were  attached  to  it,  and  tbe  lo^b  of 
the  passive  and  tetanized  muscle  observed  for  each  weight.  The  extent  to  which  the  actin 
loaded  muscle  shortened  from  the  position  of  the  passive  loaded  muscle  he  called  the  **  beiglit 
of  the  lift"  (or  *'  Hubh5he").  The  latter  becomes  le^s  as  the  weight  increases,  and  lasttf,  ibe 
tetanized  muscle  may  be  so  loaded  that  it  cannot  contract,  1.  e,^  the  height  of  the  lift  is  =  a 

Weber's  Paradox. — The  case  may  occur  where,  when  a  muscle  is  so  loaded  that  it  caooct 
contract  when  it  is  stimulated,  it  may  even  elongate.  According  to  Wundt,  even  in  this  con- 
dition the  elasticity  is  not  changed.  [The  usual  explanation  given  is  that,  as  the  elasddtjofi 
muscle  is  diminished  during  contraction,  it  is  more  extended  with  the  same  weight  in  the  coe- 
tracted  as  compared  with  the  passive  or  uncontraaed  state,  so  that  a  heavily  weighted  mBSck. 
when  stimulated,  may  elongate  instead  of  shorten.]  According  to  Wundt,  however,  as  st^, 
there  is  no  change  in  the  elasticity  of  the  muscle.  In  these  experiments,  the  length  of  theact^ 
loaded  muscle  is  equal  to  the  length  of  the  passive  muscle  when  similarly  loaded,  minos  tbe 
"  height  of  the  lift." 

Drugs. — Potash  causes  shortening  of  a  muscle  with  simultaneous  increase  of  its  elastics^. 
Digitalin  produces  other  changes  with  increased  elasticity.  Physostigmin  increases  it,  v^ 
veratrin  diminishes  it,  and  interferes  with  its  completeness  (Rossbach  and  v,  Anref)^  and  ttasiz 
makes  a  muscle  less  extensible,  but  more  elastic  {Letuin).  Ligature  of  the  blood-vesseb  pr> 
duces  at  first  a  decrease,  and  then  an  increase,  of  the  elasticity ;  section  of  the  motor  ccm 
diminishes  the  elasticity  {v.  Anrep) ;  heat  increases  it. 

Eduard  Weber  concluded  from  his  experiments  that  a  muscle  assumes  two  forms,  the  actHt 
and  the  passive  form.  Each  of  these  corresponds  to  a  special  natural  form.  The  passive  mtisck 
is  longer  and  thinner — the  active  is  shorter  and  thicker  in  form.  The  (Missive  as  wdl  ts  th< 
active  muscle  strives  to  retain  its  form.  If  the  passive  muscle  be  set  into  activity,  the  pcss^ 
rapidly  changes  into  the  active  form,  in  virtue  of  its  elastic  force.  The  latter  is  tbe  csJOj? 
which  causes  muscular  work.  Schwann  compared  the  force  of  an  active  muscle  to  a  k»^' 
elastic,  tense  spiral  spring.  Both  can  lift  the  greatest  weight,  only  from  that  form  in  which  tk^ 
are  most  stretched.     The  more  they  shorten,  the  less  the  weight  which  they  can  Uft. 

[Uses  of  Elasticity. — As  already  pointed  out,  all  muscles  are  slightly  or 
the  stretch,  so  that  no  time  is  lost  nor  energy  wasted,  in  "  taking  in  slack,"  ^ 
it  were ;  but  the  elasticity  also  lessens  the  shock  of  the  contraction,  so  tiiiat  k 
is  developed  gradually,  and  muscles  are  not  liable  to  be  torn  fronn  their  tttact- 
ments.     The  muscular  energy  is  transmitted  to  the  mass  to  be  moved  thnwf -- 
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an  elastic  and  easily  extensible  body  (muscle),  whereby  the  shock  due  to  the 
contraction  is  lessened,  but,  as  Marey  has  shown,  the  amount  of  work  is  thereby 
considerably  increased.] 

[Tonicity  of  Muscle  (J  362) — Sensibility  of  Muscle. — That  muscles  contain  sensory 
Bbres  is  certain  (2  430).  Section  of  inflamed  muscles  is  painful,  and  during  muscular  cramp 
intense  pain  is  felt.  Sachs  discharged  a  reflex  action  by  stimulating  the  central  end  of  an  intra- 
muscular nerve-filament  in  a  frog,  while  stimulation  of  the  central  end  of  the  phrenic  neive 
raises  the  blood-pressure  {^Muscular  Sense^  J  430).] 

302.  Formation  of  Heat  in  an  Active  Muscle. — ^After  Bunzen,  in  1805 
(§  210,  I,  b),  showed  that  during  muscular  activity  heat  is  evolved,  v.  Helm- 
holtz  proved  that  an  excised  frog's  muscle,  when  tetanized  for  two  to  three 
minutes,  exhibited  an  increase  of  its  temperature  of  0.14*^  to  0.18°  C. 
R.  Heidenhain  succeeded  in  showing  an  increase  of  0.001°  to  0.005*^  C.  for 
each  single  contraction.  The  same  is  true  of  the  beating  heart,  which  is  warmer 
during  every  systole  {Marey).  There  is  a  very  short  latent  period  before  the 
rise  of  tem[)erature. 

[Method. — The  rise  in  temperature  of  a  frog's  muscle  may  be  estimated  by  placing  the  two 
gastrocnemii  muscles  of  a  frog  on  the  two  junctions  of  a  thermo-electric  pile,  connected  with  a 
heat  galvanometer.  Of  course,  when  the  two  muscles  are  at  the  same  temperature,  the  needle 
of  the  galvanometer  is  stationary;  but,  if  one  muscle  is  made  to  contract,  or  is  tetanized, 
then  an  electrical  current  is  set  up  which  deflects  the  needle  (2  208  B).  Lujankow  has,  by 
means  of  a  delicate  thermometer  placed  between  the  thigh  muscles  of  a  dog,  estimated  the  rise 
of  temperature  under  different  conditions  of  the  muscle,  while  the  latter  was  still  in  situ  and 
intact.] 

The  following  facts  have  been  ascertained  with  regard  to  the  development  of 
heat : — 

I.  Relation  to  Mechanical  Work. — It  bears  a  relation  to  the  amount  of 
work. 

(a)  If  a  muscle  during  contraction  carries  a  weight  which  extends  it  again 
during  rest,  no  work  is  transferred  beyond  the  muscle  (§  300).  In  this  case  all 
the  chemical  potential  energy  during  this  movement  is  converted  into  heat. 
Under  these  circumstances,  the  amount  of  heat  evolved  runs  parallel  with  the 
amount  of  work  done,  1.  /.,  it  increases  as  the  load  and  the  height  increase  up 
to  a  maximum  point,  and  afterwards  diminishes  as  the  load  is  increased.  The 
heat- maximum  is  reached  with  a  less  load  sooner  than  the  work-maximum 
{Heidenhain), 

(b)  If,  when  the  muscle  is  at  the  height  of  its  contraction,  the  load  be  re- 
moved ^  then  the  muscle  has  produced  work  referable  to  something  outside  itself; 
in  this  case  the  amount  of  heat  produced  is  less  {A,  Fick),  The  amount  of 
work  produced,  and  the  diminished  amount  of  heat  formed,  when  taken 
together,  represent  the  same  amount  of  energy,  corresponding  to  the  law  of 
the  conservation  of  energy. 

(c)  If  the  same  amount  of  work  is  performed  in  one  case  by  many  but  small 
contractions,  and  in  another  by  fewer  but  larger  contractions,  then  in  the  latter 
case  the  amount  of  heat  is  greater  {Heidenhain  and  Nawalichiri),  This  shows 
that  larger  contractions  are  accompanied  by  a  relatively  greater  metabolism  of 
the  muscular  substance  than  small  contractions,  which  is  in  harmony  with 
practical  experience ;  thus  the  ascent  of  a  tower  with  steep  high  steps  causes 
fatigue  more  rapidly  (metabolism  greater)  than  the  ascent  of  a  more  gentle 
slope  with  lower  steps. 

(d)  If  the  weighted  muscle  executes  a  series  of  contractions  one  after  the 
other,  and  at  the  same  time  does  work,  then  the  amount  of  heat  it  produces  is 
greater  than  when  it  is  tetanic,  and  keeps  a  weight  suspended.  Thus,  the 
transition  of  the  muscle  into  a  shortened  form  causes  a  greater  production  of 
beat  than  the  maintenance  of  this  form. 
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2.  Relation  to  Tension. — The  amount  of  heat  evolved  depends  upon  the 
tension  of  the  muscle ;  it  also  increases  as  the  muscular  tension  increases 
{Heidenhain).  If  the  ends  of  a  muscle  be  so  fixed  that  it  cannot  contract,  the 
maximum  of  heat  is  obtained  (JB^ciard)^  and  this  the  more  quickly  the  more 
rapidly  the  stimuli  follow  each  other  {Pick),  Such  a  condition  occurs  doring 
tetanus,  in  which  condition  the  violently  contracted  muscles  oppose  each  other, 
and  very  high  temperatures  have  been  registered  by  Wunderlich  (§  213,  7), 
while  the  same  is  true  of  animals  that  are  tetanized  {Ley den).  Dogs  kept  in  a 
state  of  tetanus  by  electrical  stimulation  die,  because  their  temperature  rises  so 
high  (44**  to  45°  C.)  that  life  can  no  longer  be. maintained  {Rich^t),  In  addi- 
tion to  the  formation  of  heat,  there  is  a  considerable  amount  of  acid^  and  of 
alcoholic  extractives  produced  in  the  muscular  tissue. 

3.  Relation  to  Stretching. — Heat  is  also  evolved  during  the  elof^atiom  or 
relaxation  of  a  contracted  muscle,  ^.^.,  by  causing  a  muscle  to  contract  without 
the  addition  of  any  weight,  and  loading  it  when  it  begins  to  relax,  wherd>j 
heat  is  produced  {Steiner^  Schmulewitsch  and  Westerman).  If  weights  be 
attached  to  a  muscle  by  means  of  an  inextensible  medium,  and  the  weights  be 
allowed  to  fall  from  a  height  so  as  to  give  a  jerk  to  the  muscle,  then  an  amount 
of  heat  equivalent  to  the  work  done  by  the  drop  is  set  free  in  the  muscle  {Pick 
and  Danilewsky). 

4.  Fatigue. — ^The  formation  of  heat  diminishes  as  the  muscular  fituigoe 
increases,  and  as  the  muscle  recovers  it  increases  {Fick), 

5.  Blood  Supply. — In  a  muscle  duly  supplied  with  blood  the  production 
of  heat  (as  well  as  mechanical  work)  is  far  more  active  than  in  a  muscle  whose 
blood-vessels  are  ligatured  or  the  blood-stream  of  which  is  cut  off.  Recov^ 
takes  place  more  rapidly  and  completely  after  fatigue,  while,  at  the  same  time, 
there  is  a  new  increase  in  the  production  of  heat  {Meade  Smith), 

The  amount  of  work  and  heat  in  a  muscle  must  always  correspond  to  the  translbrmaCioB  of  an 
equivalent  amount  of  chemical  energy.  A  greater  part  of  this  energy  is  manifested  as  vork,  the 
greater  the  resistance  that  is  offered  to  the  muscular  contraction.  When  the  resistance  is  grest, 
l^  of  the  chemical  energy  may  be  manifested  as  work,  but  when  it  is  small,  only  a  small  put  of 
It  is  so  converted. 

When  the  temperature  is  increased,  as  in  fever,  there  is  a  greater  met^wlism  in  the  masck 
with  the  production  of  more  heat,  but  without  increasing  the  amount  of  work  don«. 

In  man,  if  the  muscles  be  stimulated  with  electricity  or  contracted  voluntarily,  the  prodnctioa 
of  heat  may  be  detected  through  the  skin  {y,  ZUfnssen).  The  venous  blood  flowing  fron  ti 
actively  contracting  muscle  is  0.6®  C.  warmer  than  the  arterial  blood  {Meade  Smiik). 

It  was  stated  that  a  nerve  in  action  is  -^^  C.  wanner  ( Valentin)^  but  this  is  denied  br 
T.  Helmholtz  and  Heidenhain;  a  dying  nerve,  however,  becomes  wanner  (RoUesiffm). 

303.  THE  MUSCLE-SOUND.^-Resting  and  Active  Muscle.- 

When  a  muscle  contracts,  and  is  at  the  same  time  kept  in  a  state  of  tension  by 
the  application  of  sufficient  resistance,  it  emits  a  distinct  sound  or  tone  with  a 
semi-musical  quality,  de[)ending  upon  the  intermittent  variations  of  tensioo 
occurring  within  it  (  Wot/aston). 

Methods. — The  muscle-sound  may  be  heard  by  placing  the  ear  over  the  tetanicaBv  am 
tracted  and  tense  biceps  of  another  person;  or  we  may  insert  the  tips  of  our  index  fiagcn 
into  our  ears,  and  forcibly  contract  the  muscles  of  our  arm ;  or  the  sound  of  the  maadcs  the 
close  the  jaw  may  be  heard  by  forcibly  contracting  them,  especially  at  night  when  all  is  sdB,  wnd 
when  the  outer  ears  are  closed.  V.  Helmholtz  found  that  this  tone  coincides  with  the  resonance 
tone  of  the  ear,  and  he  thought  that  the  vibrations  of  the  muscles  caused  this  resonance  tact. 
The  sound  of  an  isolated  frog's  muscle  may  be  heard  by  placing  one  end  of  a  rod  in  the  tar, 
the  other  ear  bein^  closed.  To  the  other  end  of  the  rod  is  attached  a  loaded  frog's  muscle  kepc 
in  a  tetanic  condition.  The  pitch  of  the  note,  {./.,  the  number  of  vibrations,  may  be  catigtei 
by  comparing  the  muscle-sound  with  that  produced  by  elastic  springs  vibrating  at  a  knon 
rate. 

When  a  muscle  contracts  voluntarily,  /.  e.,  through  the  will,  it  makes  19-5 
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vibrations  per  second.  [Schafer  and  others  give  the  number  as  10  successive 
nervous  impulses  per  second,  p.  618.]  We  do  not  hear  this  very  low  tone, 
owing  to  the  number  of  vibrations  per  second  being  too  few,  but  what  we 
actually  hear  is  the  first  overtone,  with  double  the  number  of  vibrations.  The 
muscle-sound  has  19.5  vibrations,  when  the  muscles  of  an  animal  are  caused  to 
contract,  by  stimulating  its  spinal  cord  {v,  Helmholtz),  and  also  when  the  motor 
nerve-trunk  is  excited  by  chemical  means  {Bernstein),  If,  however,  tetanizing 
induction  shocks  be  applied  to  a  muscle,  then  the  number  of  vibrations  of  the 
muscle-sound  corresponds  exactly  with  the  number  of  vibrations  of  the  vibrat- 
ing spring  or  hammer  of  the  induction  apparatus.  Thus  the  tone  may  be 
raised  or  lowered  by  altering  the  tension  of  the  spring. 

LoT^n  found  that  the  muscle-sound  was  loudest  when  the  weakest  currents  capable  of  pro- 
ducing tetanus  were  employed.  The  sound  corresponded  to  the  number  of  vibrations  of  the 
octaTe  jost  below  it  in  the  scale.  With  stronger  currents  the  muscle  sound  disappears,  but  it 
reappears  with  the  same  number  of  vibrations  as  that  of  the  interrupter  of  the  induction  appa- 
ratus, if  still  stronger  currents  are  used. 

If  the  induction  shocks  be  applied  to  the  lierve  the  sound  is  not  so  loud, 
but  it  has  the  same  number  of  vibrations  as  the  interrupter.  With  rapid  induc- 
tion shocks,  tones  caused  by  704  (Lovin)  and  1000  vibrations  per  second  have 
been  produced  {Bernstein). 

A  single  induction  shock  is  said  to  cause  the  muscle-sound  in  a  contracting  muscle.  If  this 
be  so»  It  is  doubtful  if  the  muscle-sound  can  be  r^^arded  as  a  sign  that  tetanus  is  due  to  a  series 
of  single  yariations  of  the  muscle  ({  298,  III). 

[The  first  heart-sound  is  said  to  be  partly  muscular  and  partly  valvular 
(§  53),  and,  as  already  stated,  Krehl  has  recently  confirmed  this  view  originally 
supported  by  Ludwig  and  Dogiel.  Haycraft,  however,  states  that  the  first 
sound  is  a  valvular  sound  like  the  second  sound.] 

[Bernstein  has  shown  that  a  muscle-sound  may  be  produced  during  a  single  contraction  of  a 
muscle,  which  is  not  due  to  friction  of  the  muscle  on  its  surroundings.  Stimulation  of  a  muscle 
by  a  single  induction  shock  causes  a  short  sharp  sound  ("  contraction  sound/')  It  coincides 
with  the  i>eriod  of  **  negative  variation."] 

[Resting  living  muscle  versus  active  muscle. — It  might  be  well  to 
sum  up  the  chief  differences  between  a  living  resting  or  passive  muscle  and  one 
actively  contracting.  When  a  muscle  contracts  it  undergoes  physical  and 
chemical  changes,  resulting  in  the  conversion  of  the  energy  of  chemical  affinity 
into  other  forms  of  energy. 

1.  The  naked  eye  changes  are  that  the  muscle  becomes  shorter  and  thicker 
with  scarcely  any  appreciable  change  in  its  volume,  thus  resulting  in  mechanical 
motion. 

2.  Microscopic  changes. — It  is  admitted  by  all  that  the  dim  bands  be- 
come broader  across  the  fibre,  and  correspondingly  thinner  in  the  length  of  the 
fibre.  Some  say  that  the  bright  discs  undergo  similar  changes.  Under  the 
pK>la.riscope  both  bands  are  seen  to  retain  their  specific  characters  in  relation  to 
the  action  of  light. 

3.  Thermal  changes. — Heat  is  given  off  by  a  resting  muscle,  but  the  heat 
»volved  is  increased  during  contraction. 

4.  Changes  of  electrical  potential. — The  contracted  part  becomes 
legative  to  the  uncontracted  part  of  the  muscle,  /.  ^.,  there  is  a  current  of 
iction,  or,  put  in  another  way,  the  electrical  response  results  in  a  diminution  of 
he  muscle-current  or  the  so-called  '*  negative  variation.*' 

5.  Other  physical  changes. — The  elasticity  is  diminished,  the  extensi- 
>iJity  is  increased,  and  the  sound — the  **  muscle-sound  '* — is  emitted. 


630  FATIGUE   OF   MUSCLE.  [ScC.  303. 

6.  The  chemical  changes  in  an  active  muscle  are  similar  to  those  that  occur 
in  a  muscle  at  rest,  but  on  contraction  taking  place,  there  is  a  sudden  increase 
of  those  changes.  Gases — The  contracting  muscle  gives  off  more  C0„  and 
takes  up  more  O,  but  not  in  proportion  to  the  CO,  given  off.  Reactwit— 
There  is  an  increased  formation  of  lactic  acid,  so  that,  with  continued  con- 
traction, the  muscle  may  become  acid.  Extractives — During  tetanus,  at 
least,  the  extractives  soluble  in  water  decrease,  and  those  soluble  in  alcohol  in- 
crease. Some  reducing  substances  seem  to  be  produced,  but  there  is  no  evi- 
dence that  the  proteids  of  the  muscle  itself  undergo  a  change.] 

304.  FATIGUE  AND  RECOVERY  OF  MUSCLE.— By  the  term 

fatigue  is  meant  that  condition  of  diminished  capacity  for  work  which  is  pro- 
duced in  a  muscle  by  prolonged  activity.  This  condition  is  accompanied  in 
the  living  person  with  a  peculiar  feeling  of  lassitude,  which  is  referred  to  the 
muscles.  A  fatigued  muscle  rapidly  recovers  in  a  living  animal,  but  an  excised 
muscle  recovers  only  to  a  slight  extent  {Ed,  Weber,  Valentin). 

[Waller  recognizes  a  certain  resemblance  between  experimental  fotigue  and  the  natural  decUBe 
of  excitability  at  death,  in  disease,  and  in  poisoning.] 

The  cause  of  fatigue  is  probably  partly  due  to  the  accumulation  of  de- 
composition products — "fatigue  stuffs" — in  the  muscular  tissue,  these  pro- 
ducts being  formed  within  the  muscle  itself  during  its  activity.  They  are 
phosphoric  acid^  either  free  or  in  the  form  of  acid  phosphates,  ctcid  potassiam 
phosphate  (§  294),  glycerin-phosphoric  acid  (?)  and  CO,.  If  these  substances 
be  removed  from  a  muscle,  by  passing  through  its  blood-vessels  an  indifferent 
solution  of  common  salt  (0.6  per  cent.),  or  a  weak  solution  of  sodium  carbonate 
[or  a  dilute  solution  of  permanganate  of  potash  {Kroneckery\,  the  muscle  again 
becomes  capable  of  energizing  {/.  Ranke,  1863).  The  using  up  of  O  by  an 
active  muscle  favors  fatigue  {v,  Pettenkofer  and  v.  Voii),  The  transfusion  of 
arterial  blood  (not  of  venous — Bichai)  removes  the  fatigue  {Ranke^  Kronecker), 
probably  by  replacing  the  substances  that  have  been  used  up  in  the  muscle. 
Conversely,  an  actively  energizing  muscle  may  be  rapidly  fatigued  by  injecting 
into  its  blood-vessels  a  dilute  solution  of  phosphoric  acid,  of  acid  potassiam 
phosphate,  or  dissolved  extract  of  meat  (KemmericK),  A  muscle  fatigued  in 
this  way  absorbs  less  O,  and  when  so  fatigued,  it  evolves  only  a  small  amount 
of  acids  and  CO,.  The  conditions  which  lead  up  to  fatigue  are  connected  with 
considerable  metabolism  in  the  muscular  tissue. 

[Massage. — Zabludowski  found  that  if  a  frog's  muscles  be  systematically  sdmolated  b; 
maximum  induction  shocks  until  they  cease  to  contract,  massage  or  kneading  them  rapidlT' 
restored  their  excitability,  while  simple  rest  had  little  effect.  Massage  acts  on  the  ncnres,  bk 
chiefly  by  favoring  the  blood,  and  lymph-streams  which  wash  out  the  waste  products  froiB  tbe 
muscle.  A  similar  result  obtains  in  man,  so  that  the  ancient  Roman  practice  of  **  rabbiag  " 
after  a  bath  and  after  exercise  was  one  conducive  to  restoration  of  the  power  of  the  mnscitt,] 

Conditions  modifying  fatigue. — In  order  to  obtain  the  same  amonnt  ot 
work  from  a  fatigued  muscle,  a  much  more  powerful  stimulus  must  be  applied 
to  it  than  to  a  fresh  one.  A  fatigued  muscle  is  incapable  of  lifting  a  consider- 
able load,  so  that  its  absolute  muscular  force  is  diminished.  If,  during  the 
course  of  an  experiment,  an  excised  muscle  be  loaded  with  the  same  weight, 
and  if  the  muscle  be  stimulated  at  regular  intervals  with  maximal  stimuli 
(strong'  induction  shocks),  contraction  after  contraction  gradually  and  rcgii- 
larly  diminishes  in  height,  the  decrease  being  a  constant  fraction  of  the  total 
shortening.  Thus  the  fatigue-curve  is  represented  by  a  straight  line  [/.  ^.,  \ 
straight  line  will  touch  the  apices  of  all  the  contractions].  Tlie  more  rapidh 
the  contractions  succeed  each  other,  the  greater  is  the  fall  in  the  height  of  the 
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contraction  [/.  e.,  if  the  interval  hetvcen  the  contractions  be  short,  the  fatigue- 
curve  falls  rapidly  towards  the  abscissa],  and  conversely.  After  a  certain  num- 
ber of  contractions  an  excised  muscle  becomes  exhausted. 

This  result  occurs  whether  the  stimuli  are  applied  at  short  or  long  intervals 
{Kronecker),  and  a  similar  result  is  obtained  with  sub-maximal  stimuli  (Tieget), 
A  fatigued  muscle  contracts  more  slowly  than  a  fresh  one,  while  the  latent 
period  is  also  longer  during  fatigue  (p.  613).  The  fatigued  muscle  is  said  to 
be  more  extensible  {Danders  and  van  Mansvele).  If  a  muscle  be  so  loaded 
that,  when  it  contracts,  it  cannot  lift  the  load,  fatigue  occurs  even  to  a  greater 
extent  than  when  the  load  is  such  that  the  muscle  can  lift  it  (^Leber).  The 
metabolism  and  the  formation  of  acid  are  greater  in  a  contracted  muscle  kept 
on  the  stretch  than  in  a  contracted  muscle  allowed  to  shorten  {Heidenkain).  If 
a  muscle  contract,  but  be  not  required  to  lift  any  load,  it  becomes  fatigued  only 
very  gradually.  If  a  muscle  be  loaded  only  during  contraction,  and  not  during 
relaxation,  it  is  fatigued  more  slowly  than  when  it  is  loaded  during  both 
phases  ;  and  the  same  is  tme  when  a  muscle  has  to  lift  its  load  only  during  the 
course  of  its  contraction,  instead  of  at  the  beginning  of  the  contraction.  A 
load  may  be  suspended  to  a  perfectly  passive  muscle  without  fatiguing  it  (^Har- 
less,  Leber'). 

[Signs  of  fatigue  (fig  416). — In  the  record  of  the  series  of  contractions ; 
(1)  the  contractions  become  more  prolonged;  (2)  they  decrease  in  height; 
(3)  the  latent  period  becomes  longer ;  (4)  if  maximal  shocks  be  used,  the  be- 
ginning of  the  series  exhibits  a  "staircase"  character  of  its  contractions,  just 
like  the  heart  (§  57)-] 

[While  BD  excised  frog's  muacle  U  fairly  rapidlf  exhauilcd  by  single  opening  indnciioa 
ibocks,  «t  interval)  of  one  second,  human  muscle  in  ill  normal  relalions  may  be  almost  in- 
iefinitcly  so  treated,  and  there  is  no  change  in  the  record  or  any  sensalioD  of  btigue.     Waller 
regards  this  ai  favoring  the  view  thai  the 
*  fatigae     cansogaenl     upon    prolonged 
nusenlar     eienion    ia    nomiilly    central 
-ather   ihan  peripheral."     Such   results, 
joweier,  do  not  haimoniic  with  Ihose  of 
^bludowski  on  the  kneading  of  muscles, 
ir  awaaage.     Probably  there  are  two  fac- 
ors,  one  central,  the  other  peripheral] 

Blood  Supply.-^lf  the  arteries  of  a 
nammal  be  ligatured,  stimulation  of  the 
ntMor  nerve*  produces  complete  fMigue 
fter  iio  to  240  conliaclioDS  (in  two  10 

onr  minutes),  but  direct  muscular  itimn-  '*i-  4'0- 

■lion  Bill  causes  the  muscles  to  conlracl.    Fatigue  Curve  of  a  frog's  muscle.     The  scialic  nerve 
a  both  cases  the  fatigue-curve  is  in  ihe       was  Glimulated  with  maximal  induction  shocks  and 
ono  of  a  straight  line.    If  the  blood  sup-       every  tifteeath  contraction  recorded  (Stirling), 
■ly  to  a  mammaliBD   muscle  be  Qonnal, 

n  sthnulaling  the  molui  nerve,  the  muscular  conlraclioni  at  lirst  increase  in  height  and  then 
ill.  their  apices  forming  a  straight  line  {fiossba4k  and  Harlmeck).  In  persons  who  have  used 
icii  muscles  until  fatigue  sets  in,  it  is  found  that  at  the  beginning  the  nerves  and  muscles  react 
etCer  to  galvanic  and  faradic  stimulation,  but  afterwards  always  10  a  less  degree  (Orsihanskx). 
.ccording  10  V.  Kries,  a  muscle  tetaniied  and  faiiaued  wiih  maximal  stimuli  lihaves  like  a  fresh 
mscle  teiaiiiz^  wiih  sub  maxioial  stimuli;  both  show  an  incomplete  transition  from  Ihe  passive 

^Relation  of  End- PI  ate  i.— Muscle  is  fatigued  far  more  rapidly  than  nerve,  and  the  fatigue 
egins  in  the  muscle  and  nol  in  Ihe  nerve ;  it  seems  to  be  the  weakest  link  in  Ihe  chain  belween 
erve  and  muscle  which  is  aflected  during  excessive  action,  viz.,  the  motor  end-plate  {WalUr). 
■)  a  nerve  ila  conductivity  is  sooner  affected  by  fatigue  than  ils  direct  eicilabilily.  Waller  hnils 
xax.  after  death  "the  excitability  of  a  nerve  persists  when  ils  action  u|)on  muscle  has  ceased, 
ich  muscle  being  uill  excitable  by  direct  stimulation."  Some  link  in  ihe  chain  is  obviously 
lectcd,  and  it  is  perhaps  the  end-plates.] 

(~  Relation  of  Drugs  to  Fatigue. — Waller  finds,  in  a  Irog  poisoned  with  veratrin,  that  if  the 
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mn«clM  b«  ilimulated  e1ectiicaH]r,  ibe  cbmctenMic  doogMkm  of  the  dtxxat  ({  298}  endiiBr 
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curve)  and  not  on  the  other  (lower  or  fatigue-curve).  lasted    for  a  time,  tk 
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of  both 

Rec 

eieetrit 
injcctii 
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[Fatigue  experiments  on  man  vrixti  the  Ergograph. — Mosso  «[>d 
Maggiora  fixed  the  fore-arm  in  an  appropriate  holder  and  attached  the  middle 
finger  to  a  string  to  which  a  weight  was  added.     The  person  experimented  oe 
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contracted  his  flexor  muscles  and  thus  raised  at  a  given  signal  a  given  weight, 
the  extent  of  the  movement  being  recorded  simultaneously.  This  in  principle 
is  the  ergograph  shown  in  fig.  418.] 

Muscles  excited  to  contract  directly  become  sooner  fatigued  than  those  ex- 
ciied  indirectly  (/'.  e.,  through  their  nerve).  The  fatigue-curve  is  a  straight  line 
only  for  medium  weights,  for  small  weights  it  is  S-shaped,  and  for  larger  ones 
rl  is  a  hyperbola. 

[Kronecker  found  in  the  case  of  frogs'  muscle  stimulated  electrically,  that 
ihe" fatigue-curve"  was  a  straight  line  gradually  falling  towards  the  atecissa 
fp.  630),  Mosso,  however,  finds  that  more  usually  the  curve  obtained  is  like 
fig.  4r9,  A,  or  fig.  419,  B,  and  that  the  form  of  curve  is  nearly  constant  for 
each  individual  under  the  same  conditions ;  and,  as  a  matter  of  fact,  he  has 
shown  that  the  fatigue-curve  obtained  by  raising  a  weight  of  3  kilos,  with  the 
ergograph  remaMs  constant. over  au  interval  of  several  years.] 


Fig.  419. 
CnrvM  obtained  by  the  ergf^raph  from  Iwo  indiTiduals,  A  and  B. 

1  moicle  which  no  longer  conlracts  id  obedience  to  Toliliona)  Mimuli  will  contract  when  itimu- 
Iiled  1^  eleorical  stimuli.  If  electrical  and  Tolilional  itiinali  act  directly  the  one  after  Che 
aha,  in  thii  way  complete  eihauation  and  bligue  of  (he  muscle  may  be  brought  about. 
Mental  work  diminishes  considerably  the  muscular  force.  The  most  powerful  volitional 
muscnlir  coDliscliont  cannot  be  increased  by  iirong  electrical  stimulation  oF  the  motor  nerves. 
Ud  the  cMilrary,  if  the  motor  nerve  is  Rrwigly  stimulated,  so  as  to  came  a  slightly  slronger 
:ODtraction,  Iben  the  will  cannot  Came  the  muscle  to  contract  still  more.  AnKmis  Causes 
symptoms  aimilar  to  fatigue,  but  a  free  supply  of  blood  rapidly  restores  the  muscle.  Fatigue  of 
he  legs,  as  in  walking,  accelerates  the  fatigue  of  the  arms.  Sustained  wakefulness  and  fasting 
icUiute  fatigue.  Massage  farors  the  disappearance  of  fatigue  {Maggiara).  [There  wonld 
eem  to  be  a  central  nerrons  factcH-  associated  with  the  production  (n  muscular  fatigue ;  for  if  a 
Dincle  be  made  to  contract  voluntarily  until  it  no  k>nger  reqxindi  to  rolittonal  stimuli,  and  if 
Deanlime  it  be  Riniulated  to  contract  by  means  of  electrical  stimuli,  it  ^jain — although  it  has 
•ecu  contracting — becomes  capable  of  responding  to  volitional  stimuli.  It  would  seem  as  if  the 
■erre-centres  also  t>ecame  fatigued  during  muscular  fatigue.  They  had  apparently  recovered  in 
be  inlenral.  Work  done  liy  a  fatigued  muscle  produces  far  more  injurious  coasequences  than  a 
V  latter  amount  done  by  the  muscle  under  normal  conditions.     Fatigue  of  other  muscles  than 
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[Sec  304- 


in  those  to  be  investigated,  e.g,,  forced  marching,  fatigues  even  the  unused  muscles,  e^.,  of  the 
arms.] 

305.  STRUCTURE  AND  MECHANISM  OF  BONES  AND 
JOINTS. — Bones  exhibit  in  the  inner  architecture  of  their  spongiosa  an 
arrangement  of  their  lamellae  and  spicules  which  represents  the  static  result  of 
those  forces — pressure  and  traction — which  act  on  the  developing  bone  (§  447}. 
They  are  so  arranged  that,  with  the  minimum  of  material,  they  afford  the 
greatest  resistance  as  a  supporting  structure  or  framework  i^If.  v.  Meyer^  Cut- 
mann^Jul.  Wolff). 

[Structure  of  Bone. — Next  to  enamel,  bone  is  the  hardest  tissue  in  the 
body.  Its  hardness  is  due  to  the  presence  of  lime-salts,  chiefly  phosphate  of 
lime.  If  a  bone  be  steeped  for  some  time  in  dilute  hydrochloric  acid,  the 
lime-salts  are  extracted  and  the  bone  loses  its  rigidity ;  it  becomes  soft,  and 
pliable,  and  can  be  cut  with  a  knife;  indeed,  such  a  bone,  <r.^.,  rib  or  fibala, 
may  be  tied  into  a  knot.  The  bone,  when  softened  or  decalcified^  still  retains 
the  shape  and  general  structure  of  the  original  bone.  If  a  bone  be  burned  ii 
first  chars,  and,  finally,  only  the  ash  remains.  The  organic  matter  is  all  burned 
off,  and  now  the  bone  is  quite  brittle.] 

[The  chemical  composition  of  dry  bone  is  approximately  as  follows:— 


Ossein  (collagen),  or  animal  matter,    .     31.03 
Calcic  phosphate,  5^*23 

Calcic  carbonate,  7.32 


Calcic  flnoride, 
Magnesic  phosphate, 
Sodic  chloride. 
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[If  a  longitudinal  section  be  made  of  a  long  dried  bone,  the  outer  part  is 
seen  to  be  dense  or  compact ;  while,  more  interiorly,  more  especially  towards 
the  extremities  of  the  bone,  the  bony  texture  is  more  cancellated  or  spongy. 
There  is,  however,  a  gradual  transition  from  dense  to  spK>ngy  bone.  The 
spicules  of  bone  which  bound  the  cancelli  or  spaces  in  cancellated  bone  are 
arranged  in  a  definite  order  in  each  bone,  corresponding  to  the  lines  of  pressure 
and  stress.  This  constitutes  the  architecture  of  the  bones.  In  the  central  part 
of  every  long  bone  is  a  cavity,  the  medullary  cavity,  which  in  the  fre^ 
condition  contains  the  marrow.] 

[Bone  consists  of  cells  embedded  in  a  fibrous  matrix. — The  cells  c^ 
bone-corpuscles,  are  branched  corpuscles  (fig.  422).  The  matrix  consists 
of  interlacing  fibres,  and  there  is  a  ground-substance  which  contains  the  lime 
salts.  The  corpuscles  lie  in  spaces  of  the  matrix  called  lacunae,  and  adjoininf 
lacunae  communicate  by  numerous  fine  canals — canaliculi — ^which  perforate 
the  matrix  (fig.  420).] 

[A  fresh  bone  is  really  a  complex  organ.  It  is  invested  externally  by  a 
fibrous  membrane,  the  periosteum,  in  which  numerous  arteries  ramify  before 
they  enter  the  bone.  The  arteries  pass  into  the  bone  through  small  apertures, 
ramify,  and  run  in  channels  in  the  compact  bone,  the  Haversian  canals 
(fig.  421).  The  medullary  canal  contains  marrow,  and  so  do  the  cancelli  a: 
the  ends  of  the  bone.  The  medullary  canal  is  lined  by  a  thin  vascular  mem- 
brane, the  endosteum.] 

[Microscopic  Structure  of  Macerated  Compact  Bone. — A  thin  trans- 
verse section  of  the  shaft  of  such  a  bone  is  made  up  of  lamellse,  or  plates  dis- 
posed as  follows :  Some  of  them  are  arranged  concentrically  with  reference  to 
the  outer  surface  of  the  bone,  i.e.,  immediately  under  the  periosteum — these 
are  the  peripheric  lamellae  ;  others  (5-15)  are  arranged  around  the  sccdoos 
of  the  Haversian  canals, — these  are  the  Haversian  lamellae,  and  each 
Haversian  canal  with  its  lamellae  constitutes  an  Haversian  system  (fig.  420) 
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Some  vestiges  of  lamellse  lie  between  the  Haversian  systems,  but  they  always 
arc  arcs  of  circles  with  longer  radii  than 
ihe  HaveisiaD  lamella  ;  they  are  inter- 
mediate or  interstitial  lame  Us  (fi^. 
420,  y/).  Some  lamellae  are  arranged 
with  reference  to  the  central  marrow 
caviiy,  and  arc  the  peri-medullary 
lamellsc.] 


■^'B-**^'  Fig.  421. 

section   of   part   of   (he  shaft  of  a  l^ngitudiiul   section  of  Ihe  diaphysis   of 

femur.       H,    Haveisaa    canals;    j,  a  haman    femur  x 'oo-      "■   Haversian 

Haversian    lamellx;    si,  interaitial   bmells;  canals;   6,  lacunse  seen   bom   the  ude; 

a,  \ttuax  wiib  cuialiculi.     x  ^-  ^1  ^"^  *i"  surface. 

[In  the  transverse  section  of  each  Haversian  system  are  sections  of  oval 
aliened  spaces,  arranged  concentrically — the  lacunec  (fig.  410).  They 
ppear  black,  because  in  dry  bone  they  are  filled  with  air.  From  these  lacunae 
analiculi,  or  fine  branching  tubes,  proceed,  and  perforate  the  laraellic,  so 
hat  the  canaliculi  from  adjacent  lacunse  anastomose.  The  innermost  lacunae 
omtBunicate  with  the  Haversian  canal  of  their  own  system,  and  by  this  canal- 
:ular  system  lymph  is  carried  to  the  bone-corpuscles,  which  lie  in  the  lacunse 
nd  quite  close  to  the  outermost  part  of  each  Haversian  system.  The  canal- 
nili  from  the  outermost  lacunae  of  any  Haversian  system  do  not  communicate 
■ith  the  canaliculi  of  adjacent  systems,  but  they  bend  on  themselves,  and  open 
ito  the  lacunae  of  their  own  system,  and  hence  they  have  been  called  recur- 
ent  canaliculi.] 

[The  arrangement  of  the  lacunae  in  the  other  parts  of  the  bone  follow  the 
rrangement  of  the  lamellae,  several  lamellae  usually  intervening  between  two 
djacent  rows  of  lacunae.] 

[Sharpey's  Fibres  are  calcified  fibres  which  pierce  obliquely  or  at  right 
ngles  the  peripheric  and  interstitial  lamelite.  Some  of  them  are  calcified  white 
brous  tissue,  and  others  are  yellow  or  elastic  fibres.  The  latter  are  more 
bundant  in  the  bones  of  birds.] 

[The  appearance  presented  by  a  longitudinal  section  of  compact  dry  bone  is 
lown  in  fig.  421.] 

[The  periosteum   is  a  laminated  fibrous  membrane,  composed  chiefly  of 
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fibroDs  tissue.  It  consists  of  an  outer  fibrous  layer,  which  contains  mnj 
blood-vessels,  and  branches  of  the  latter,  accompanied  by  connective-tissix, 
pass  into  the  Haversian  canals.  The  inner  layer  contains  some  fibrous  tissue, 
also  many  elastic  fibres,  and,  especially  in  young  bones,  numerous  noclrated, 
somewhat  cubical,  cells — the  osteoblasts,  or  bone-forming  cells.  The 
osteoblasts  form  several  layers  in  young  bones,  and  in  adult  bones  they  eiist  a 
thin  flattened  cells,  lying  on  the  outennost  peripheric  tamellte.  Thej  irt 
carried  into  the  interior  of  the  bone,  along  the  Haversian  canals,  with  tiie 
blood-vessels.  They  form  bone — secrete  or  form  bone  around  themselvt?— 
and,  in  doing  so,  become  embedded,  as  it  were,  in  the  products  of  their  own 
activity ;  and,  when  so  embedded  in  osseous  tissue,  they  are  then  called  boof- 
corpuscles,  so  that  bone-corpuscles  are  embedded  osteoblasts.  In  a  section 
of  a  softened  fresh  bone  which  has  been  stained,  it  is  easy  to  see  bone-cw- 
puseles  lying  in  their  lacunae  (fig.  422).] 
[The  marrow  of  bone  is  of  two  varieties,  yellow  and  red.     Yellow 


marrow  occurs  in  the  medullary  canal,  and  is  for  the  most  part  made  up  <>i 
fat-cells.  Red  marrow,  however,  occurs  chiefly  in  the  heads  of  large  bones, 
in  short  bones,  ribs,  flat  bones  of  the  skull,  and  is  really  a  blood-forming 
organ  (§  7).  It  contains  several  varieties  of  cells — small,  round,  nucleal«i 
cells — the  marrow  cell  closely  resembling  lymph-coq)uscIes ;  others,  not  nnlic 
these,  but  with  a  yellowish  tint,  the  erythroblasts,  from  which  red  blood- 
corpuscles  are  formed.  It  also  contains  large  multi -nucleated  cells,  osteoclasts 
or  myeloplaxes.  These  osteoclasts  absorb  or  eat  away  bone,  and  are  the 
structures  concerned  in  the  absorption  of  bone  during  certain  stages  of  biwf- 
development  (fig.  42*)] 

I.  The  joints  permil  the  Treest  movements  of  one  bone  apoo  inolher  [luch  ■»  cxol  bctna 
the  extremities  of  tlie  Irano  of  the  limbs.  In  olber  cases  sotures  xre  formed,  which,  while  pr 
milting  no  roovemenl,  allow  the  contents  of  the  cavity  which  they  surround  to  enlaije,  «  u  ** 
case  of  the  cranium.]  The  articular  end  of  >  fresh  bone  is  covered  wjLh  a  thin  Uja  or  fiiU  ^ 
hyaline  csTtllage,  or  "  encrasting  cartilage,"  which  in  virtue  of  its  elasticity  moderaiet  ici 
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ibocks  OT  impulses  communicued  lo  the  bones.  The  sarbce  of  tbe  uliCDlar  cutilte^  "  P'^' 
fectl;  smMtb,  and  faciliutes  an  euy  gliding  movemenl  oT  the  one  surface  upon  ihe  other.  At 
the  outer  bonnduy  line  of  Ihe  cBitilige  there  is  fixed  the  capsule  of  tfae  joint,  vhich  enclose* 
the  acticulai  ends  of  tbe  bones  like  ■  sac.  The  inner  lurface  of  (he  Capsule  is  lined  by  a  synovial 
membrane,  wh)ch  secretes  the  sticky,  semi-Huid,  aynovia,  moistening  the  joint.  The  outer 
SBifsce  of  the  capsole  is  provided  at  Tartous  pans  with  bands  of  fibrous  tissue,  some  of  which 
slrengiben  it,  irhile  olhera  rtilrain  or  limit  the  movement  of  the  joint.  Some  osseous  processes 
limit  the  movements  of  paiticular  joints,  i.g.,  the  coronoid  process  of  the  ulna,  which  permits 
the  forearm  to  be  Qexed  on  the  upper  arm  only  to  a  certain  extent;  the  olecranon,  which  pre- 
vents over-eitension  at  the  elbow.joint.  The  joint-surfaces  are  keji  in  apposition— (l)  by  the 
adhesion  of  tbe  synovia  covered  smooth  articular  surface;  (z)  by  the  Capsule  and  its  fibrous 
hands;  and  (3)  by  the  elastic  tension  and  contraction  of  tbe  muscles. 

[Structure  of  Articular  Cartilage. — The  thin  layer  of  hyaline  encrusting 

cartilage  is  fixed  by  an  irregular  surface  upon  the 

corresponding  surface  of  the  head  of  the  bone 

(fig.    413).     In  a  vertical  section   through  the 

articular  cartilage  of  a  bone  which  has  been 

softened  in  chromic  or  other  suitable  acid,  we 

observe  that  the  cartilage-cells  are  flattened  near 

the  free  surface  of  the  cartilage,  and  their  long 

axes  are  parallel  to  the  surface  of  the  joint ;  Hyaiim 

lower  down,  the  cells  are  arranged  in  irregular  caniiai*. 

groups,  and  further  down  still,  nearer  the  bone, 

in  columns  or  rows,  whose  long  axis  is  in  the 

long  axis  of  the  bone.    These  rows  are  produced 

by  transverse  cleavage  of  pre-existing  cells.     In 

the  upper  two-thirds  or  thereby  Ihe  matrix  of 

the  cartilage  is  hyaline,  but  in  (he  lower  third, 

near  the  bone,  the  matrix  is  granular  and  some-  unnag*. 

times  fibrillated.     This  is  the  calcified  zone, 

which  is  impregnated  with  lime  salts  and  sharply 

defined  by  a  nearly  straight  line  from  the  hyaline 

zone  above  it,  and  by  a  very  bold  wavy  line 

from  the  osseous  head  of  the  bone.]  "'' 

Synovial  Uembrane. — Synorial  membrane  consists  of 

bundles  of  delicate  connective-tissue  mixed  with  elastic 

lissne,  while  on  its  inner  surface  it  is  provided  with  folds, 

some  of  which  contain  fat,  and  others  blood- vessels  (synovial  Fig.  413. 

villi).     The  inner  surface  is  lined  with  endothelium.     The 

inira-capsular  ligaments  and  eanilages  are  not  covered  by  Vertical  section  of  aHieular  cartilage 

Ihe   synovial  membrane,  nor  are   they  covered  by   endo-  (Stirling). 

ihelium. 
The  synovia  ii  a  colorless,  stringy,  alkaline  fluid,  with  a  chemical  composition  closely  allied 

lo    that   of   transudations,   with  this  difference,  thai  jl   cODlains  much   muciD.  together  with 

albumin  and  traces  of  fat.  Excessive  movement  diminishes  its  amount,  makes  it  more  inspis- 
sated, and  increases  the  mucin,  but  diminishes  the  sails. 

Joints  may  be  divided  into  several  classes,  according  to  the  kind  of  move- 
ment which  they  permit : — 

I.  Joint  a  with  movement  round  one  axis;  (a)  The  Ginglymua,  or  Hinge-Joint. — 
Tbe  one  articular  surface  represents  a  portion  of  a  cylinder  ox  sphere,  to  which  the  other 
surface  is  adapted  by  a  corresponding  depression,  so  that,  when  Reiion  or  extension  of  the 
joint  takes  place,  il  moves  only  on  one  axis  of  the  cylinder  or  sphere.  The  joints  of  the  fingers  and 
toes  are  binge-joinls  of  this  description.  Lateral  ligaments,  which  prevent  a  lateral  displacement 
of  ibe  articular  surfaces,  are  always  present. 

The  Screw -hinge  Joint  is  a  roodificalion  of  the  simple  hinge  form  {Langtr,Henie),/g.,lbK 
biuneroulnar  iiticuUtian.  Sirictly  speaking,  simple  lleiion  and  extension  do  not  lake  place 
■I  ibe  elliow-joint,  but  the  ulna  moves  on  the  capitellum  of  the  humerus  like  a  nut  on  a  bolt ;  in 
the  right  humerus,  the  screw  is  a  right  spiral,  in  the  left,  a  left  spiral.  The  ankle-joint  is  another 
example ;  tbe  nut  or  female  screw  is  the  tibial  sur&ce,  the  right  joint  is  like  a  left  handed  screw. 
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the  left  the  reverse,  (d)  The  Pivot -Joiot  (rotatoria),  with  a  cylindrical  sur^Kc,  e.g.,  tbe 
joint  between  the  atlas  and  the  axis,  the  axis  df  rotation  being  around  the  odontoid  process  of 
the  axis.  In  the  acts  of  pronation  and  supination  of  the  fore-arm  at  the  elbow -joint,  the  axis 
of  rotation  is  from  the  middle  of  the  cotyloid  cavity  of  the  head  of  the  radius  to  the  styloid 
process  of  the  ulna.  The  other  joints  which  assist  in  these  movements  are.  abevt  the  join:, 
between  the  circumferential  part  of  the  head  of  the  radius  and  the  sigmoid  cavity  of  the  clu, 
and  below  the  joint,  between  the  sigmoid  cavity  of  the  radius  which  moves  over  the  roanded 
lower  end  of  the  ulna. 

2.  Joints  with  movements  round  two  axes. — {a)  Such  joints  have  two  unequally  cnirec 
surfaces  which  intersect  each  other,  but  which  lie  in  the  same  direction,  e,g.^  the  atlantcMXxipitL 
joint,  or  the  wrist  joint,  at  which  lateral  movements,  as  well  as  flexion  and  extension  take  piacc 
(b)  Joints  with  curved  surfaces,  which  intersect  each  other,  but  which  do  not  lie  in  ihe  sum 
direction.  To  this  group  belong  the  saddle -shaped  articulations,  whose  surface  is  concave  ic 
one  direction,  but  convex  in  the  other,  e,g.^  the  joint  between  the  metacarpal  bone  of  the  tbamt 
and  the  trapezium.  The  chief  movements  are — (i)  flexion  and  extension,  (2)  abducDoo  aod 
adduction.  Further,  to  a  limited  degree,  movement  is  possible  in  all  other  directioDs;  and,  bsdr 
a  pyramidal  movement  can  be  described  by  the  thum\>. 

3.  Joints  with  movement  on  a  spiral  articular  surface  (spiral  joints),  ^.^.,  thekwe- 
joint  (Goodsir),  The  condyle  of  the  femur,  curved  from  before  backwards,  in  the  antero-posieriof 
section  of  its  articular  sur£ice,  represents  a  spiral  {Ed,  Weber) ^  whose  centre  lies  nearer  tbe 
posterior  part  of  the  condyle,  and  whose  radius  vector  increases  from  behind,  downwards  tad 
forwards.  Flexion  and  extension  are  the  chief  movements.  The  strong  lateral  ligaments  vet. 
from  the  condyles  of  the  femur  corresponding  to  the  centre  of  the  spiral,  and  are  inserted  isle 
the  head  of  the  fibula  and  internal  condyle  of  the  tibia.  When  the  knee-joint  is  strongly  fiexeL 
the  lateral  ligaments  are  relaxed — they  become  tense  as  the  extension  increas^es ;  and  when  tbe 
knee-joint  is  fully  extended,  they  act  quite  like  tense  bands  which  secure  the  lateral  fixatioa  of 
the  joint.  Corresponding  to  the  spiral  form  of  the  articular  sur&ce,  flexion  and  extension  do  not 
take  place  around  one  axis,  but  the  axis  moves  continually  with  the  point  of  contact ;  tbe  ix& 
moves  also  in  a  spiral  direction.  The  greatest  flexion  and  extension  cover  an  angle  of  a^oc 
145°.  The  anterior  crucial  ligament  is  more  tense  during  extension,  and  acts  as  a  check  1^ 
ment  for  too  great  extension,  while  the  posterior  is  more  tense  during  flexion,  and  is  a  c&eci 
ligament  for  too  great  flexion.  The  movements  of  extension  and  flexion  at  the  knee  are  fiutkr 
complicated  by  the  faa  that  the  joint  has  a  screw- like  movement,  in  that  during  the  grtar 
extension  the  leg  moves  outwards.  Hence,  the  thigh,  when  the  leg  is  fixed,  must  be  rouied 
outwards  during  flexion.  Pronation  and  supination  take  place  dunng  the  greatest  flexraa  tc 
the  extent  of  41°  (Alberl)  at  the  knee-joint,  while  with  the  greatest  extension  it  b  nQ.  h 
occurs  because  the  external  condyle  of  the  tibia  rotates  on  the  internal.  In  all  poskioDS  dsiiBg 
flexion,  the  crucial  ligaments  are  fairly  and  uniformly  tense,  whereby  the  aiticolar  surfaces  ir 
against  each  other.  Owing  to  their  arrangement,  during  increasing  tension  of  the  antericr 
ligament  (extension),  the  condyles  of  the  femur  must  roll  more  on  to  the  anterior  part  oi  the 
anicular  surface  of  the  tibia,  while  by  increasing  tension  of  the  posterior  ligament  (fletxioo),  tkr 
must  pass  more  backwards. 

4.  Joints  with  the  axis  of  rotation  round  one  fixed  point. — These  are  the  freely  monb.^ 
arthrodial  joints.  The  movements  can  take  place  around  innumerable  axes,  which  all  intcrsec 
each  other  in  the  centre  of  rotation.  One  articular  surface  is  nearly  spherical,  the  ocbo'  e 
cup-shaped.  The  shoulder  and  hip-joints  are  typical  **  ball-and-socket -joints/'  We  lai 
represent  the  movements  as  taking  place  around  /Aree  axes,  intersecting  each  other  at  li^- 
angles.  The  movements  which  can  be  performed  at  these  joints  may  be  grouped  as:  |i 
pendulum -like  movements  in  any  plane,  (2)  rotation  round  the  long  axis  of  the  limb,  and  ij 
circumscribing  movements  [circumduction],  such  as  are  made  round  the  circnmlereDce  0^  < 
sphere ;  the  centre  is  in  the  point  of  rotation  of  the  joint,  while  the  circumference  is  describe<: 
by  the  limb  itself 

Limited  arthrodial  joints  are  ball  joints  with  limited  movements,  and  where  rotation  oa  tk 
long  axis  is  wanting,  e.g.,  the  metacarpo-phalangeal  joints. 

5.  Rigid  joints  or  amphiarthroses  are  characterized  by  the  fact  that  movement  may  oocor  k 
all  directions,  but  only  to  a  very  limited  extent,  in  consequence  of  the  tough  and  unyieSdac 
external  ligaments.  Both  articular  surfaces  are  usually  about  the  same  size,  and  are  oeirtf 
plane  surfaces,  e.  g.,  the  articulations  of  the  carpal  and  the  tarsal  bones. 

II.  S3niiphyses,  synchondroses,  and  syndesmoses  unite  bones  without  the  formation  d 
a  proper  articular  cavity,  are  movable  in  all  directions,  but  only  to  the  slightest  extent.  I%y« 
logically  they  are  closely  related  to  amphiarthrodial  joints. 

III.  Sutures  unite  bones  without  permitting  any  movement  The  phjrsiological  impoftscc 
of  the  suture  is  that  the  bones  can  still  grow  at  their  edges,  which  thus  renders  possible  tbe 
distention  of  the  cavity  enclosed  by  the  bones  (//erm.  v,  Meyer), 
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306.  ARRANGEMENT  AND  USES  OF  MUSCLES.— The  mus- 
cles form  45  per  cent,  of  the  total  mass  of  the  body,  those  of  the  right  side  being 
heavier  than  those  on  the  left.  Muscles  may  be  arranged  in  the  following 
groups,  as  far  as  their  mechanical  actions  are  concerned : — 

A.  Muscles  without  a  definite  origin  and  insertion : — 

1 .  The  hollov^  muscles  surrounding  globular,  oval,  or  irregular  cavities, 
such  as  the  urinary  bladder,  gall-bladder,  uterus,  and  heart ;  or  the  walls  of 
more  or  less  cylindrical  canals  (intestinal  tract,  muscular  gland-ducts,  ureters. 
Fallopian  tubes,  vasa  deferentia,  blood- vessels,  lymphatics).  In  all  these  cases 
the  muscular  fibres  are  arranged  in  several  layers,  e,g,,  in  a  longitudinal  and  a 
circular  layer,  and  sometimes  also  in  an  oblique  layer.  All  these  layers  act 
together  and  thus  diminish  the  cavity.  It  is  inadmissible  to  ascribe  different 
mechanical  effects  to  the  different  layers,  ^.  ^.,  that  the  circular  fibres  of  the 
intestine  narrow  it,  while  the  longitudinal  dilate  it.  Both  sets  of  fibres  rather 
seem  to  act  simultaneously,  and  diminish  the  cavity  by  making  it  narrower  and 
shorter  at  the  same  time.  The  only  case  where  muscular  fibres  ma/  act  in 
partially  dilating  the  cavity  is  when,  owing  to  pressure  from  without,  or  from 
partial  contraction  of  some  fibres,  a  fold,  projecting  into  the  lumen,  has  been 
formed.  When  the  fibres,  necessarily  stretching  across  the  depression  thereby 
produced,  contract,  they  must  tend  to  undo  it,  /.  ^.,  enlarge  the  cavity.  The 
various  layers  are  all  innervated  from  the  same  motor  source,  which  supports 
the  view  of  their  conjoint  action. 

2.  The  sphincters  surround  an  opening  or  a  short  canal,  and  by  their  ac- 
tion they  either  constrict  or  close  it,  e,g.y  the  following  ** sphincter  muscles'* : 
sphincter  pupillse,  palpebrarum,  oris,  pylori,  ani,  cunni,  urethrae. 

B.  Muscles  with  a  definite  origin  and  insertion : — 

1.  The  origin  is  completely  fixed  when  the  muscle  is  in  action.  The 
course  of  the  muscular  fibres,  as  they  pass  to  where  they  are  inserted,  permits 
of  the  insertion  being  approximated  in  a  straight  line  towards  their  origin  dur- 
ing contraction,  e.g,y  the  attolens,  attrahens,  and  retrahentes  of  the  outer  ear, 
and  the  rhomboidei.  Some  of  these  muscles  are  inserted  into  soft  parts  which 
necessarily  must  follow  the  line  of  traction,  <f.^.,  the  azygos  uvulae,  levator 
palati  mollis,  and  most  of  the  muscles  which  arise  from  bone  and  are  inserted 
into  the  skin,  such  as  the  muscles  of  the  face,  styloglossus,  stylopharyngeus,  etc. 

2.  Both  Origin  and  Insertion  Movable. — In  this  case  the  movements 
of  both  points  are  inversely  as  the  resistance  to  be  overcome.  The  resistance 
is  often  voluntary,  which  may  be  increased  either  at  the  origin  or  insertion  of 
the  muscle.  Thus,  the  sterno-cleido-mastoid  may  act  either  as  a  depressor  of  the 
head  or  as  an  elevator  of  the  chest ;  the  pectoral  is  minor  may  act  as  an  abductor 
and  depressor  of  the  shoulder,  or  as  an  elevator  of  the  3d  to  5  th  ribs  (when  the 
shoulder  girdle  is  fixed). 

3.  Angular  Course. — Many  muscles  having  a  fixed  origin  are  diverted 
from  their  straight  course ;  either  their  fibres  or  their  tendons  may  be  bent  out 
of  the  straight  course.  Sometimes  the  curving  is  slight,  as  in  the  occipito- 
frontalis  and  levator  palpebrae  superioris,  or  the  tendon  may  form  an  angle 
round  some  bony  process,  whereby  the  muscular  traction  acts  in  quite  a  differ- 
ent direction,  /.  ^.,  as  if  the  muscle  acted  directly  from  this  process  upon  its 
p>oint  of  insertion,  e,g,y  the  obliquus  oculi  superior,  tensor  tympani,  tensor  veli 
palatini,  obturator  intemus. 

4.  Many  of  the  muscles  of  the  extremities  act  upon  the  long  bones  as  upon 
levers  :  (a)  Some  act  upon  a  lever  with  one  arm,  in  which  case  the  insertion 
oi  the  muscle  (power)  and  the  weight  lie  upon  one  side  of  the  fulcrum  or  point 
of  support,  e,g,y  biceps,  deltoid.     The  insertion  (or  power)  often  lies  very 
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close  to  the  fulcrum.  In  such  a  case,  the  rapidity  of  the  movement  at  the  end 
of  the  lever  is  greatly  increased,  but  force  is  lost  [/.  ^.,  what  is  gained  in  rapidity 
is  lost  in  power].  This  arrangement  has  this  advantage,  that,  owing  to  the 
slight  contraction  of  the  muscle,  little  energy  is  evolved,  which  would  be  the 
case  had  the  muscular  contraction  been  more  considerable  (§  300,  I,  3).  (^] 
The  muscles  act  upon  the  bones  as  upon  a  lever  with  two  arms,  in  which  case 
the  power  (insertion  of  the  muscle)  lies  on  the  other  side  of  the  fulcrum  o[^ 
site  to  the  weight,  e,  g,,  the  triceps  and  muscles  of  the  calf.  In  both  cases,  the 
muscular  force  necessary  to  overcome  the  resistance  is  estimated  by  the  prin- 
ciples of  the  lever :  equilibrium  is  established  when  the  static  moments  (=  pro- 
duct of  the  power  in  its  vertical  distance  from  the  fulcrum)  are  equal ;  or  when 
the  power  and  weight  are  inversely  proportional,  as  their  vertical  distance  from 
the  fulcrum. 

[The  Bony  Levers. — All  the  three  orders  of  levers  are  met  with  in  the  body.     Indeed,  to  tbe 

elbow.joint  all  the  three  orders  are  represented.     The  aimcxeii 

ft         scheme  shows  the  relative  positions  of  P,  W,  and  F  (6g.  424).  Tk 

% F \         first  order  represented  by  such  a  movement  as  nodding  the  head 

^  A  J)  (^)  the  second  by  raising  the  body  on  the  tiptoes  by  the  muscles  of  tbt 

1  calf,  and  the  third  by  the  action  of  the  biceps  in  raising  the  kn- 

jr  ^  X         arm.     At  the  elbow -joint,  the  first  order  is  illustrated  by  ezteodiag 

^  (2)  the  flexed  fore-arm  on  the  upper  arm,  as  in  striking  a  blow  on  the 
table,  where  the  triceps  attached  to  the  olecranon  is  the  pover, 

p  ^  ^  the  trochlea  the  fulcrum,  and  the  hand  the  weight.     If  the  biod 
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Fig.  424. 


?       p  (3)  rest  on  the  table  and  the  body  be  raised  on  it,  then  the  hand  is  the 
'^  fulcrum,  while  the  triceps  is  the  power  raising  the  humerus  and  tbe 

parts  resting  on  it  (W).    The  third  order  has  already  been  refenei 
to,  e.g.f  flexing  the  fore-arm.] 

Direction  of  Action.— It  is  most  important  to  observe  tbe^itim-- 
Hon  in  which  the  muscular  force  and  weight  act  upon  tbe  lem> 
Thus,  the  direction  may  be  vertical  to  the  lever  in  one  position,  while  after  flexioo  it  Btf 
act  obliquely  upon  the  lever.     The  static  moment  of  a  power  actii^  obliquely  on  the  iever-cnn  u 


The  three  orders  of  levers. 


arm. 


U. 


in. 


Fig-  425- 
Scheme  of  the  action  of  the  muscles  on  bones. 

« 

obtained  by  multiplying  the  power  with  the  power  acting  in  a  direction  vertical  to  the  poiDt  ^ 
rotation. 

Examples  : — In  fig.  425  I,  B  jr  represents  the  humerus,  and  x  Z  the  radius;  A^,  the  direc- 
tion of  the  traction  of  the  biceps.  If  the  biceps  acts  at  a  right  angle  only,  as  by  lifung  borirco- 
tally  a  weight  (P)  lying  on  the  fore-arm  or  in  the  hand,  then  the  power  of  the  biceps  ( =rr  A)  is 
obtained  from  the  formula,  A  ^  j:  :=  P  jr  Z,  f.  ^.,  A  ==  (P  jr  Z)  :  ^  x.  It  is  evident  that,  when  tk 
radius  is  depressed  to  the  position  x  C,  the  result  is  different ;  then  the  force  of  tbe  bicefs 
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=  A|  =  (P|  V  jr)  :  <9  X.  In  fig.  425,  II,  T  F  is  the  tibia,  F,  the  ankle-joint,  M  C,  the  foot  in  a 
horizontal  position.  The  power  of  the  muscles  of  the  calf  (  =  <z)  necessary  to  equalize  a  force,/, 
directed  from  below  against  the  anterior  part  of  the  foot,  would  be  a  =  (j^  M  F)  :  F  C.  If  the 
foot  be  altered  to  the  position  R  S,  the  force  of  the  muscles  of  the  calf  would  then  be  a^  = 
(/,  M  F)  :  F  C. 

In  muscles  also,  which,  like  the  coraco-brachialis,  are  stretched  over  the  angle 

of  a  hinge,  the  same  result  obtains. 

In  fig.  425,  III,  H  £  is  the  humerus,  E,  the  elbow-joint,  £  R,  the  radius,  B  R,  the  coraco- 
brachiidis.    Its  moment  in  this  position  is  =  A,  <7  £.    When  the  radius  is  raised  to  E  R|,  then 
it  is  =  A,  a  E.     We  must  notice,  however,  that  B  Rj  <[  B  R.     Hence,  the  absolute  muscula  r 
force  must  be  less  in  the  flexed  position,  because  every  muscle,  as  it  becomes  shorter,  lifts  less 
weight.    What  is  lost  in  power  is  gained  by  the  elongation  of  the  lever- arm. 

5.  Many  muscles  have  a  double  action  ;  when  contracted  in  the  ordinary 
way  they  execute  a  combined  movement,  €,  g.y  the  biceps  is  a  flexor  and  supi- 
nator of  the  fore-arm.  If  one  of  these  movements  be  prevented  by  the  action 
of  other  muscles,  the  muscle  takes  no  part  in  the  execution  of  the  other  move- 
ment. 

If  the  fore-arm  be  strongly  pronated  and  flexed  in  this  position,  the  Uceps  takes  no  part 
therein ;  or,  when  the  elbow-joint  is  rigidly  supinated,  only  the  supinator  brevis  acts,  not  the 
biceps.  The  muscles  of  mastication  are  another  example.  The  masseter  elevates  the  lower  jaw, 
and  at  the  same  time  pulls  it  forward.  If  the  depressed  jaw,  however,  be  strongly  pulled  back- 
wards, when  the  jaw  is  raised,  the  masseter  b  not  concerned.  The  temporal  muscle  mises  the 
jaw  and  at  the  same  time  pulls  it  backwards.  If  the  depressed  jaw  be  raised  after  being  pushed 
forward,  then  the  temporal  is  not  concerned  in  its  elevation. 

6.  Muscles  acting  on  two  or  more  joints  are  those  which,  in  their 
course  from  their  origin  to  their  insertion,  pass  over  two  or  more  joints.    Either 
the  tendons  may  deviate  from  a  straight  course,  e.  g. ,  the  extensors  and  flexors 
of  the  Angers  and  toes,  as  when  the  latter  are  flexed ;  or  the  direction  is  always 
straight,  e,  g, ,  the  gastrocnemius.   The  muscles  of  this  group  present  the  following 
points  of  interest — {a)  The  phenomenon  of  so-called  **  active  insufficiency." 
If  the  position  of  the  joints  over  which  the  muscle  passes  be  so  altered  that  its 
origin  and  insertion  come  too  near  each  other,  the  muscle  may  require  to  con- 
tract so  much  before  it  can  act  on  the  bones  attached  to  it,  that  it  cannot  con- 
tract actively  any  further  than  to  the  extent  of  the  shortening  from  which  it 
begins  to  be  active;  e. g,y  when  the  knee-joint  is  bent,  the  gastrocnemius  can 
no  longer  produce  plantar  flexion  of  the  foot,  but  the  traction  on  the  tendo- 
Achillis  is  produced  by  the  soleus.     (^)  "  Passive  insufficiency  "  is  shown 
by  many  jointed  muscles  under  the  following  circumstances :  In  certain  pK>si- 
tions  of  the  joint,  a  muscle  may  be  so  stretched  that  it  may  act  like  a  rigid 
strap,  and  thus  limit  or  prevent  the  action  of  other  muscles,  <f.  ^.,  the  gas- 
trocnemius is  too  short  to  permit  complete  dorsal  flexion  of  the  foot  when 
the  knee  is  extended.   The  long  flexors  of  the  leg,  arising  from  the  tuber  ischii, 
are  too  short  to  permit  complete  extension  of  the  knee-joint  when  the  hip-joint 
is  flexed  at  an  acute  angle.     The  extensor  tendons  of  the  fingers  are  too  short 
to  permit  of  complete  flexion  of  the  joints  of  the  fingers  when  the  hand  is  com- 
pletely flexed. 

7.  Synergetic  muscles  are  those  which  together  subserve  a  certain  kind 
of  movement,  e,  g,y  the  flexors  of  the  leg,  the  muscles  of  the  calf,  and  others. 
The  abdominal  muscles  act  along  with  the  diaphragm  in  diminishing  the  abdo- 
men during  straining,  while  the  muscles  of  inspiration  or  expiration,  even  the 
different  origins  of  one  muscle,  or  the  two  bellies  of  a  biventral  muscle,  may  be 
reg^arded  from  the  same  point  of  view. 

Antagonistic  muscles  are  those  which,  during  their  action,  have  exactly 
the  opposite  effect  of  other  muscles,  e,g.y  flexors  and  extensors — pronators  and 
supinators — adductors  and  abductors — elevators  and  depressors — sphincters  and 
dilators — inspiratory  and  expiratory. 

41 


642  MOTOR    DISTURBANCES.  [ScC.  306. 

When  it  is  necessary  to  bring  the  full  power  of  our  muscles  into  action  we 
quite  involuntarily  bring  them  beforehand  into  a  condition  of  the  greatest  ten- 
sion^ as  a  muscle  in  this  condition  is  in  the  most  favorable  position  for  doing 
work  (§  300,  I,  3).  Conversely,  when  we  execute  delicate  movements  requir- 
ing little  energy,  we  select  a  position  in  which  the  corresponding  muscle  is 
already  shortened. 

All  the  fasciae  of  the  body  are  connected  with  muscles,  which,  when  they  contract,  alter  ibe 
tension  of  the  former,  so  that  they  are  in  a  certain  sense  aponeuroses  or  tendons  of  the  latter  [K. 
Bardflebeti),  [For  the  importance  of  muscular  movements  and  those  of  fasciae  in  conoedicci 
with  the  movements  of  the  lymph,  see  {  201.] 

307.  GYMNASTICS;  MOTOR  PATHOLOGICAL  VARIA 
TIONS. — Gymnastic  exercise  is  most  important  for  the  proper  develop- 
ment of  the  muscles  and  motor  power,  and  it  ought  to  be  commenced  in  both 
sexes  at  an  early  age.  Systematic  muscular  activity  increases  the  volume  of  the 
muscles,  and  enables  them  to  do  more  work.  The  amount  of  blood  is  m- 
creased  with  increase  in  the  muscular  development,  while  at  the  same  time 
the  bones  and  ligaments  become  more  resistant.  As  the  circulation  is  more 
lively  in  an  active  muscle,  gymnastics  favor  the  circulation,  and  ought  to 
be  practiced,  especially  by  persons  of  sedentary  habits,  who  are  apt  to  suffer 
from  congestion  of  blood  in  abdominal  organs  {e.g.^  haemorrhoids),  as  ii 
favors  the  movement  of  the  tissue  juices  [§  201].  An  active  muscle  alsD  uses 
more  O  and  produces  more  COj,  so  that  respiration  is  also  exdited.  The  total 
increase  of  the  metabolism  gives  rise  to  the  feeling  of  well-being  and  vigor. 
diminishes  abnormal  irritability,  and  dispels  the  tendency  to  fatigue.  The 
whole  body  becomes  firmer,  and  specifically  heavier  {Jager), 

By  Ling's,  or  the  Swedish  system,  a  systematic  attempt  is  made  to  strengthen  certain  vol 
muscles,  or  groups  of  muscles,  whose  wesjcness  might  lead  to  the  production  of  defonnibcs 
These  muscles  are  exercised  systematically  by  opposing  to  them  resistances,  which  most  eitkr 
be  overcome,  or  against  which  the  patient  must  strive  by  muscular  action. 

Massage,  which  consists  in  kneading,  pressing,  or  rubbing  the  muscles,  fiivors  the  Uood- 
stream ;  hence,  this  system  may  be  advantageously  used  for  such  muscles  as  are  so  weakened  t:? 
disease  that  an  independent  treatment  by  means  of  gymnastics  cannot  be  adopted.     [The  is 
portance  of  massage  as  a  restorative  practice  in  getting  rid  of  the  waste  products  of  mcsalir 
activity  has  been  already  referred  to  (|  304).] 

Disturbances  of  the  normal  movements  may  partly  affect  the  passive  motor  organs  (^/-. 
the  bones,  joints,  ligaments,  and  aponeuroses),  or  the  active  organs  (muscles  with  their  tesdccN 
and  motor  nerves). 

Passive  Organs. — Fractures,  caries  and  necrosis,  and  inflammation  of  the  bones,  vii:^ 
make  movements  painful,  influence  or  even  make  movement  impossible.  Similarly,  dislocaDo& 
relaxation  of  the  ligaments,  arthritis,  or  anchylosis  interfere  with  movement  Also  curvatsr  cr 
bones,  hyperostosis  or  exostosis ;  lateral  curvature  of  the  vertebral  column  (ScolicMts),  back- 
ward angular  curvature  (Kyphosis),  or  forward  curvature  (LfOrdosis).  The  latter  istifdis? 
with  respiration.  In  the  lower  extremities,  which  have  to  carry  the  weight  of  the  body,  gess 
valgum  may  occur  in  flabby,  tall,  rapidly-growing  individuals,  especially  in  some  tnuks,  r;. 
in  bakers.  The  opposite  form,  genu  varum,  is  generally  a  result  of  rickets.  Flat  loot  dcpescs 
upon  a  depression  of  the  arch  of  the  foot,  which  then  no  longer  rests  upon  its  three  points  of  st^ 
port.  Its  causes  seem  to  be  similar  to  those  of  genu  valgum.  The  ligaments  of  the  small  tiral 
joints  are  stretched,  and  the  long  axis  of  the  foot  is  usually  directed  outwards;  the  inner  Bicg? 
of  the  foot  is  more  turned  to  the  ground,  while  pain  in  the  foot  and  malleoli  make  walisigsf 
standing  impossible.  Club-foot  (Talipes  varus),  in  which  the  inner  margin  of  the  foot  brusec. 
and  the  point  of  the  toes  is  directed  inwards  and  downwards,  depends  upon  imperfect  derdcf 
ment  during  foetal  life.  All  children  are  bom  with  a  certain  very  slight  degree  of  bending  of  i'< 
foot  in  this  direction.  Talipes  equinus,  in  which  the  toes,  and  T.  calcaneus,  in  wludi  tirt 
heel  touches  the  ground,  usually  depend  upon  contracture  of  the  muscles  causing  these  poskke 
of  the  foot,  or  upon  paralysis  of  the  antagonistic  muscles. 

Rickets  and   Osteomalacia. — If  the  earthy  salts  be  withheld  from  the  food,  the  bore 
gradually  undergo  a  change ;  they  become  thin,  translucent,  and  may  even  bend  under  presscre 
In  certain  persistent  defects  of  nutrition,  the  lime  and  other  salts  of  the  food  are  not  abaorir* 
giving  rise  to  rachitis,  or  rickets,  in  children.     If  fully  formed  bones  lose  their  lime-saks  to  lae 
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extent  of  ^  to  i^  (halisterisis),  they  become  brittle  and  soft  (osteomalacia).  This  occurs  to 
a  limited  extent  in  old  age. 

Muscles. — The  normal  nutrition  of  muscle  is  intimately  dependent  on  a  proper  supply  of 
sodium  chloride  and  potash  salts  in  the  food,  as  these  form  integral  parts  of  the  muscular  tissue 
(JCemmerich^  ForsterV  Besides  the  atrc^hic  changes  which  occur  in  the  muscles  when  these 
substances  are  withheld,  there  are  disturbances  of  the  central  nervous  system  and  digestive  appa- 
ratus, and  the  animals  ultimately  die.  The  condition  of  the  muscles  during  inanition  is  given 
>n  i  237.  If  muscles  and  bones  be  kept  inactive,  they  tend  to  atrophy  ({  244).  In  atrophic 
muscles,  and  in  cases  of  anchylosis,  there  is  an  enormous  increase,  or  **  atrophic  proliferation,'' 
of  the  muscle- corpuscles,  which  takes  place  at  the  expense  of  the  contractile  contents  (Cohn- 
htim).  A  certain  degree  of  muscular  atrophy  takes  place  in  old  age.  The  uterus,  after  delivery, 
undergoes  a  great  decrease  in  size  and  weight — from  1000  to  350  grams— due  chiefly  to  the 
diminished  blood  supply  to  the  organ.  In  chronic  lead  poisoning,  the  extensors  and  interossei 
chiefly  undergo  atrophy.  Atrophy  and  degeneration  of  the  muscles  are  followed  by  shortening 
and  thinning  of  the  bones  to  which  the  muscles  are  attached. 

Section  and  paralysis  of  the  motor  nerves  cause  palsy  of  the  muscles,  thus  rendering 
them  inactive,  and  they  ultimately  degenerate.  Atrophy  also  occurs  after  inflammation  or  soften- 
ing of  the  multipolar  nerve-cells  in  the  anterior  horn  of  the  gray  matter  of  the  spinal  cord,  or 
the  motor  nuclei  (facial,  spinal  accessory,  and  hypoglossal  of  Stilling  in  the  medulla  oblongata), 
in  the  muscles  connected  with  these  parts.  Rapid  atrophy  takes  place  in  certain  forms  of  spinal 
paralysis  and  in  acute  bulbar  paralysis  (paralysis  of  the  medulla  oblongata),  and  in  a  chronic 
form  in  progressive  muscular  atrophy  and  progressive  bulbar  paralysis.  The  muscles  and  their 
nerves  become  small  and  soft.  The  muscles  show  many  nuclei,  the  sarcous  substance  becomes 
fatty,  and  uhimately  disappears.  According  to  Charcot,  these  areas  are  at  the  same  time  the 
trophic  centres  for  the  nerves  proceeding  Kom  them,  as  well  as  for  the  muscles  belonging  to 
them.  According  to  Friedreich,  the  primary  lesion  in  progressive  muscular  atrophy  is  in  the 
muscles,  and  is  due  to  a  primary  interstitial  inflammation  of  the  muscle,  resulting  in  atrophy  and 
degenerative  changes,  wliile  the  nerve-centres  are  aflected  secondarily,  just  as  after  amputation 
of  a  limb,  the  corresponding  part  of  the  spinal  cord  degenerates. 

In  pseudo-hypertrophic  muscular  atrophy  the  muscular  fibres  atrophy  completely,  with 
copious  development  of  fat  and  connective-tissue  between  the  fibres,  without  the  nerves  or  spinal 
cord  undergoing  degeneration.  The  muscular  substance  may  also  undergo  amyloid  or  wax- 
like  degeneration,  whereby  the  amyloid  substance  infiltrates  the  tissue  (J  249,  VI).  Sometimes 
atrophic  muscles  have  a  deep  brown  color^  due  to  a  change  of  the  haemoglc^in  of  the  muscle. 
When  muscles  are  much  used  they  hypertrophy,  as  the  heart  in  certain  cases  of  valvular  lesion 
or  obstruaion  ({  40),  the  bladder,  and  intestine.  [In  true  hypertrophy  there  is  an  increased 
number,  or  increase  in  the  size,  of  its  tissue  elements,  throughout  the  entire  tissue  or  organ,  with- 
out any  deposit  of  a  foreign  body.  Perhaps,  in  hypertrophy  of  the  bladder,  the  thickened  mus- 
cular coat  not  only  serves  to  overcome  resistance,  but  it  offers  greater  resistance  to  bursting 
under  the  increased  intra-vesical  pressure.  Mere  enlargement  is  not  hypertrophy,  for  this  may 
be  brought  about  by  foreign  elements.  In  atrophy  there  is  a  diminution  in  size  or  bulk,  even 
when  the  blood-stream  is  kept  up,  the  decrease  being  due  to  pressure.  An  atrophied  organ  may 
be  even  enlarged,  as  seen  in  pseudo-hypertrophic  paralysis,  where  the  muscles  are  larger,  owing 
to  the  interstitial  growth  of  fatty  and  connective-tissue,  while  the  true  muscular  tissue  is  dimin- 
ished and  truly  atrophied.] 


Special  Muscular  Acts. 

308.  STANDING. — The  act  of  standing  is  assured  by  muscular  action, 
and  is  the  vertical  position  of  equilibrium  of  the  body,  in  which  a  line  drawn 
from  the  centre  of  gravity  of  the  body  falls  within  the  area  of  both  feet  placed 
upon  the  ground.  In  the  military  attitude,  the  muscles  act  in  two  directions 
— -(i)  to  fix  the  jointed  body,  as  it  were,  into  one  unbending  column  ;  and  (2) 
in  case  of  a  variation  of  the  equilibrium,  to  compensate  by  muscular  action  for 
the  disturbance  of  the  equilibrium. 

The  following  individual  motor  acts  occur  in  standing : — 

I.  Fixation  of  the  head  upon  the  vertebral  column.  The  occiput  may  be  moved  in  various 
directions  upon  the  atlas,  as  in  the  acts  of  nodding.  As  the  long  arm  of  the  lever  lies  in  front 
of  the  atlas,  necessarily  when  the  muscles  of  the  back  of  the  neck  relax,  as  in  sleep  or  death, 
the  chin  falls  upon  the  breast.     The  strong  neck  muscles,  which  pull  from  the  vertebral  column 
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upon  the  occiput,  fix  the  head  in  a  finn  position  on  the  vertebral  column.  The  duef  rotiuxy 
movement  of  the  head  on  a  vertical  axis  occurs  round  the  odontoid  process  of  the  axis.  The 
articular  surfaces  on  the  pedicles,  and  part  of  the  bodies  of  the  ist  and  2d  vertebrae,  are  oosrex 
towards  each  other  in  the  middle,  becoming  somewhat  lower  in  front  and  behind,  sotbitibe 
head  is  highest  in  the  erect  posture.  Hence,  when  the  head  is  greatly  rotated,  compresaoo  of 
the  medulla  oblongata  is  prevented  {^Henke).  In  standing,  these  muscles  do  not  require  to  be 
fixed  by  muscular  acdon,  as  no  rotation  can  take  place  when  the  neck  muscles  are  at  rest 

2.  Fixed  Vertebral  Column. — The  vertebral  column  itself  must  be  fixed,  espedaUy  where 
it  is  most  mobile,  i .  e.^  in  the  cervical  and  lumbar  regions.  This  is  brought  about  by  the  tfn»s 
muscles  situate  in  these  regions,  e,  g,,  the  cervical  spinal  muscles,  Extensor  dorsi  ccmmmmi  and 
Quadratits  lumborum. 

Mobility  of  the  Vertebrte. — The  least  movable  vertebrae  are  the  3d  to  the  6th  dorsal;  the 
sacrum  is  quite  immovable.  For  a  certain  length  of  the  column  the  mobility  depends  od  {a\ 
the  number  and  height  of  the  interarticular  fibro-cartilages.  They  are  most  namerons  in  the 
neck,  thickest  in  the  lumbar  region,  and  relatively  also  in  the  lower  cervical  region.  They 
permit  movement  to  take  place  in  every  direction.  Collecdvely  the  interarticular  discs  fbra 
one-fourth  of  the  height  of  the  whole  vertebral  column.  They  are  compressed  somewhitbythe 
pressure  of  the  body ;  hence,  the  body  is  longest  in  the  morning  and  after  Ijring  in  the  borizontil 
position.  The  smaller  periphery  of  the  bodies  of  the  cervical  vertebrae  fiivors  the  mobility  of 
these  vertebrae  compared  with  the  larger  lower  ones,  {b)  The  position  of  the  processes  abo 
influences  greatly  the  mobility.  The  strongly  depressed  spines  of  the  dorsal  region  hindc 
hyperextension.  The  articular  processes  on  the  cervical  vertebrae  are  so  placed  that  their  snr 
£aices  look  obliquely  from  before  and  upwards,  backwards,  and  downwards ;  this  permits  reb- 
tively  free  movement,  rotation,  lateral  and  nodding  movements.  In  the  dorsal  region,  the 
articular  surfaces  are  directed  vertically  and  directly  to  the  front,  the  lower  directly  btckwinls; 
in  the  lumbar  region  the  position  of  the  articular  processes  is  almost  completely  verticil  and 
antero-posterior.  In  bending  backwards  as  fiur  as  possible,  the  most  mobile  parts  of  the  ooksi 
are  the  lower  cervical  vertebrae,  the  nth  dorsal  to  the  2d  lumbar,  and  the  lower  two  hinbii 
vertebrae  {E.  H.  Weber), 

3.  The  centre  of  gravity  of  the  head,  trunk,  and  arms  when  fixed  as  above,  lies  in  firool  o( 
the  loth  dorsal  vertebra.  It  lies  further  forward,  in  a  horizontal  plane,  passii^  throogfa  the 
xiphoid  process,  the  greater  the  distention  of  the  abdomen  by  food,  fat,  or  pregnancy.  A  lae 
drawn  vertically  downwards  fi^im  the  centre  of  gravity  passes  behind  the  line  uniting  both  bap- 
joints.  Hence,  the  trunk  would  fall  backwards  on  the  hip-joint,  were  it  not  prevented  pntij 
Dy  ligaments  and  partly  by  muscles.  The  former  are  represented  by  the  ileo-femoral  band  and 
the  anterior  tense  layer  of  the  fascia  lata.  As  ligaments  alone,  however,  never  resist  pemaBesC 
traction,  they  are  aided,  especially  by  the  ileo-psoas  muscle  inserted  into  the  small  trocfaaota, 
and  in  part,  also,  by  the  rectus  femoris.  Lateral  movement  at  the  hip- joint,  whereby  the  oee 
limb  must  be  abducted  and  the  other  adducted,  is  prevented  especially  by  the  large  mass  of  the 
glutei.  When  the  leg  is  extended,  the  ileo-femoral  ligament,  aided  by  the  fasda  lata,  prerofi 
adduction. 

4.  The  rigid  part  of  the  body,  head,  and  trunk,  with  the  arms  and  legs,  whose  centre  of 
gravity  lies  lower  and  only  a  little  in  front,  so  that  the  vertical  line  drawn  downwards  intcKcOs 
a  line  connecting  the  posterior  surfaces  of  the  knee-joints,  must  now  be  fixed  at  the  knee-joec 
Falling  backwards  is  prevented  by  a  slight  action  of  the  quadriceps  femoris,  aided  by  the  tessua 
of  the  fascia  lata.  Indirectly  it  is  aided  also  by  the  ileo-femoral  ligament.  Lateral  movesiefit 
of  the  knee  is  prevented  by  the  disposition  of  the  strong  lateral  ligaments.  Rotatioo  caaaot 
take  place  at  the  knee-joint  in  the  extended  position  (J  305, 1,  3)* 

5.  A  line  drawn  downwards  from  the  centre  of  gravity  of  the  whole  body,  which  lies  ia  ik 
promontory,  falls  slightly  in  front  of  a  line  between  the  two  ankle-joints.  Hence,  the  body 
would  fall  forward  on  the  latter  joint.  This  is  prevented  especially  by  the  muscles  <^  the  ail 
aided  by  the  muscles  of  the  deep  layer  of  the  leg  (tibialis  posticus,  flexors  di  the  toes^  peroncis 
longus  et  brevb). 

Other  factors :  (a)  As  the  long  axis  of  the  foot  forms  with  the  1^  an  angle  of  50^,  £alfias 
forward  can  only  occur  after  the  feet  are  in  a  position  more  nearly  parallel  with  their  k)^  axis. 
{b)  The  form  of  the  anicular  surfaces  helps,  as  the  anterior  broad  part  of  the  astragalus  mot  he 
pressed  between  the  two  malleoli.     The  latter  mechanism  cannot  be  of  much  importance. 

6.  The  metatarsus  and  phalanges  are  united  by  tense  ligaments  to  ft>rm  the  arch  of  the  fist 
which  touches  the  ground  at  three  points — tuber  calcanei  (heel),  the  head  of  the  first  metMansJ 
bone  (ball  of  the  great  toe),  and  of  the  fifth  toe.  Between  the  latter  two  points,  the  beads  d 
the  metatarsal  bones  also  form  points  of  supp>ort.  The  weight  of  the  body  is  transmitted  10  the 
highest  part  of  the  arch  of  the  foot,  the  caput  tali.  The  arching  of  the  foot  b  fixed  esly  ^5 
ligaments.  The  toes  play  no  part  in  standing,  although,  when  moved  by  their  muscks,  ther 
greatly  aid  the  balancing  of  the  body.  The  maintenance  of  the  erect  attitude  fatigoes  o» 
more  rapidly  than  walking. 
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309.  SITTING. — Sitting  is  that  position  of  equilibrium  whereby  the  body 
is  supported  on  the  tubera  ischii,  on  which  a  to  and  fro  movement  may  take 
place  (ZT.  V,  Meyer).  The  head  and  trunk  together  are  made  rigid  to  form  an 
immovable  column,  as  in  standing. 

We  may  distinguish — f  i)  the  forward  posture,  in  which  the  line  of  gravity  passes  in  front 
of  the  tnbera  ischii;  the  oody  being  supported  either  against  a  fixed  object,  e,  g.y  by  means  of 
the  arm  on  a  table,  or  against  the  upper  surface  of  the  thigh.  (2)  The  backMnurd  posture, 
in  which  the  line  of  gravity  falls  behind  the  tubera.  A  person  is  prevented  from  fiedling  back- 
ward either  by  leaning  on  a  support,  or  by  the  counter- weight  of  the  1^^  kept  extended  by  mus- 
cular action,  whereby  the  sacrum  forms  an  additional  point  of  support,  while  the  trunk  is  fixed 
on  the  thigh  by  the  ileo-psoas  and  rectus  femoris,  the  leg  being  kept  extended  by  the  extensor 
quadriceps.  Usually  the  centre  of  gravity  is  so  placed  that  the  heel  also  acts  as  a  point  of  sup- 
port. The  latter  sitting  posture  is  of  course  not  suited  for  resting  the  muscles  of  the  lower 
limbs.  (3)  When  *'  sitting  erect  "  the  line  of  gravity  falls  between  the  tubera  themselves. 
When  the  muscles  of  the  legs  are  relaxed,  the  rigid  trunk  only  requires  to  be  balanced  by  slight 
muscular  actir»n.     Usually  the  balancing  of  the  head  is  sufficient  to  maintain  the  equilibrium. 

310.  WALKING,  RUNNING  AND  SPRINGING.— By  the  term 
walking  is  understood  progression  in  a  forward  horizontal  direction  with  the 
least  possible  muscular  exertion,  due  to  the  alternate  activity  of  the  two  legs. 

Methods. — The  Brothers  Weber  were  the  first  to  analyze  the  various  positions  of  the  body  in 
walking,  running,  and  springing,  and  they  represented  them  in  a  contikuous  series^  which  repre- 
sents the  successive  phases  of  locomotion.  These  phases  may  be  examined  with  the  zoetrope 
(2  39^»  3)'  Marey  estimated  the  time- relations  of  the  individual  acts  by  transferring  the  move- 
ments by  means  of  his  air-tambours  to  a  recording  surface.  Recently,  by  means  of  a  revolving 
camera,  he  has  succeeded  in  photographing,  in  instantaneous  pictures  (yifVv  second),  the  whole 
series  of  acts.  Of  course  this  series,  when  placed  in  the  zoetrope,  represents  the  natural  move- 
ments.    Figs.  427,  428,  429  represent  these  acts. 

In  walking,  the  legs  are  active  alternately;  while  one — the  **  supporting  " 
or  "active"  leg — carries  the  trunk,  the  other  is  "inactive"  or  "passive." 
Each  leg  is  alternately  in  an  active  and  a  passive  phase.  Walking  may  be 
divided  into  the  following  movements : — 

I.  Act  (fig.  426,  2). — The  active  leg  is  vertical,  slightly  flexed  at  the  knee,  and  it  alone  sup- 
ports the  centre  of  gravity 

of  the  body.    The  passive  498  4  * 

leg  is  completely  extend- 
ed, and  touches  the  ground 
only  with  the  tip  of  the 
great  toe  (2).  This  posi- 
tion of  the  iegC(>rres|>onds 
to  a  right-angled  triangle, 
in  which  the  active  leg 
and  the  ground  form  two 
sides,  while  the  passive 
leg  is  the  hypothenuse. 

II.  Act,— For  the  for- 
ward movement  of  the 
trunk,  the  active  leg  is 
inclined  slightly  from  its 
vertical  position  (cathetus) 
to  an  oblique  and  more 
forward  (hypothenuse)  po* 


Fig.  426. 


sition  (3).     In  order  that  Phases  of  walking.     The  thick  lines  represent  the  active,  the  thin  the 
the  trunk  may  remain  at      passive  leg;  h,  the  hip-joint;  ^,  «,  knee;  /,^,  ankle;  r,  ^,  heel; 
the    same    height,    it    is      m,  e,  ball  of  the  tarso-metatarsal  joint ;  z,  g^  point  of  great  toe. 
necessary  that  the  active 

leg  be  lengthened.  This  is  accomplbhed  by  completely  extending  the  knee  (3,  4,  5),  as  well  as 
by  lifting  the  heel  from  the  ground  (4,  5),  so  that  the  foot  rests  on  the  balls  or  the  heads  of  the 
metatarsi  bones,  and,  lastly,  by  elevating  it  on  the  point  of  the  great  toe  (2,  thin  line).  During 
the  extension  and  forward  movement  of  the  active  leg,  the  tips  of  the  toes  of  the  passive  leg 
have  left  the  ground  (3).    It  is  slightly  flexed  at  the  knee-joint  (owing  to  the  shortening),  it 
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perTormB  &  "  pendulum-like  movement "  (4,  ;),  vrheiebj  iti  foot  ii  moved  >■  br  in  frool  of  tk 
active  1^  as  it  was  Tormerly  beliind  it.  The  foot  is  then  placed  flat  upon  ibe  groDod  (l,  l.lUct 
lines);  the  centre  of  gravity  is  now  Inmsfeired  to  Ibis  actiTe  leg,  whicb  at  the  same  limt  l> 
■lightlj'  I1«i«d  at  the  Itnee,  and  placed  vertically.     The  first  act  is  ihen  repeated. 

Simultaneous  Movementa  of  the  Tnick. — During  walking  the  tmnk  perfDnns  ctruin 


Phases  of  slow  walking.  iDstaatineous  photograph ;  only  the  side  directed  to  the  obsens  ii 
shown.  From  (he  vertical  position  of  the  right,  active  l^i  (Ij.  al)  the  phases  of  this  1^ 
are  represented  in  six  pictures  (1  to  VIj,  while  after  VI  the  vertical  posiUoo  is  njfoue: 
The  Arabic  numerals  indicate  tbe  simiiltaneous  position  of  the  correapoi^i^  1^  Ict^ 
thus  t  =  I,  z  ^  II,  etc.,  so  that  during  the  position  IV  of  the  right  leg,  at  the  san^  liiH 
the  left  leg  has  the  position  as  I. 

characteristic  movements,  (i)  It  leans  everr  lime  towards  the  active  1^,  owing  to  the  tnctiDc 
of  the  glutei  and  ibe  tensor  fascite  lata:,  so  that  the  centre  of  gravity  ii  moved,  which  in  tb"^-- 
heavy  persons  with  a  brood  pelvis  leads  to  their  "  waddling"  gait,  (l)  The  trank,  cspcciiiit 
during  rapid  walking,  is  inclined  slightly  forward  to  overcoTne  the  tcsistance  of  the  air.  ;; 
During  the  "  pendulum-like  action,"  the  tmnk  rotates  slightly  on  the  head  of  the  active  kml. 
This  rotation  is  comperuated,  especially  in  rapid  walking,  by  the  arm  of  tbe  same  side  as  Ibe 


Fig.  418. 

Instantaneous  photograph  of  a  runner.     Ten  pictures  per  second.    Tbe  absckaa  indicates  i^ 

length  of  the  step  in  metre*. 

oscillating  leg  swinging  in  the  opposite  direction,  while  that  on  the  other  aide  at  tbe  laaic  tiac 
swings  in  the  same  direction  as  the  oscillating  limb. 

Modifying  CoDditiona :  1,  TAr  Duration  of  tki  Step.—Ks  the  rapidity  of  the  vibntios  li 
a  pendulum  (leg)  depends  upon  its  length,  it  is  evident  that  each  individual,  accordng  to  th 
length  of  bis  legs,  must  have  ■  certain  natural  rate  of  walking.    The  "  Juratiom  »/  a  Af' 
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itfrads  >lio  upon  the  thne  during  which  both  feel  touch  the  ground  rimuitancouil;,  which,  o) 
anne,  can  be  altered  voluntarily.  When  "  walking  rapidly  "  the  time  =  o,  >.  e.,  al  the  ume 
nunent  in  which  the  active  leg  reaches  the  ground,  the  passive  leg  is  raised.  TAe  ItngiA  of  the 
ilrf  is  uaiullj;  about  6  to  7  decimetres  [23  to  37  inches],  and  it  must  be  greater  the  more  the 
length  of  (he  hjrpothenuie  of  the  passive  leg  exceeds  the  cathetus  of  the  active  one.  Hence, 
during  a  long  step,  the  active  1^  a  greatly  shortened  (by  flexion  of  the  knee),  so  that  the  trunk 
is  polled  downwards.     Similarly,  long  legs  can  make  longer  step*. 

According  to  Mirey  and  others,  the  pendulum  movement  of  the  passive  leg  it  not  a  tme 
pendulum  movement,  because  its  movement,  owing  to  muscular  action,  is  of  more  uniff^m  ra- 
pitUly.  During  the  pendulum  movement  of  the  whole  limb,  the  leg  vibrates  by  itself  at  the  knee- 
joint  (Zuca-,  N.  VimrJt). 

Fiiation  of  the  Femur. — According  to  Ed.  and  W.  Weber,  the  head  of  the  lemar  of  the 
passive  leg  is  tiled  in  its  socket  chiefly  by  the  atmoapheiic  pressure,  so  that  no  muscular  ac- 
tion is  necessary'  for  carrying  the  whole  limb.  If  all  the  muscles  and  the  capsule  be  divided, 
ihe  head  of  the  (aaox  Hill  remains  in  the  cotyloid  cavity.  Rose  refers  this  condition  not  to  the 
action  of  the  atmospheric  pressure,  but  to  two  adhesion  surfaces  united  by  means  of  synovia. 

The  ciperimeDts  of  Aeby  show  that  not  only  the  weight  of  the  limb  is  supported  by  the 
umotpheric  pressure,  but  that  Ihe  latter  can  support  leveial  times  Ihis  weight.    When  traction  is 


Fig.  429. 
-ligh  leap.     Instantaneous  photograph.    The  pictures  partly  overlap  each  other,  as  soon  as  the 
velocity  of  the  forward  movement  on  the  descent  diminishes  sAer  springing.     In  the  lefi- 
hand  comer  is  the  dial  plate,  the  radius  of  which  moved  one  dividon  in  -fj  second.     The 
abscissa  indicates  the  distance  in  meties. 

terted  on  the  limb,  the  mai^ns  of  the  cotylnd  ligament  of  the  cotyhnd  cavity  are  applied  like  a 
alve  tightly  to  the  nuipn  of  Ihe  cartilage  of  the  head  of  Ihe  femur.  According  to  the  Brothers 
Vcber,  the  t^  &lll  from  ils  socket  as  soon  as  air  is  admiUed  by  making  a  perforation  into  the 
nicular  cavity. 

Work  don«  during  Walking. — Marey  and  Demery  estimate  the  amount  done  by  a  man 
'Cighing  64  kilos.  [10  stones],  when  walking  slowly,  as  =^  6  kilogrammetres  per  second;  rapid 
inning  ^  56  kilogrammetres.  The  work  done  is  due  to  the  raising  of  the  entire  body  and 
ttremitics,  10  (be  velocity  communicated  to  the  body,  as  well  as  to  the  maintenance  of  the  centre 

In  spfinging  or  leaping,  the  body  ii  rapidly  projected  upwards  by  the  greatest  possible  and 
ost  rapid  contraction  of  the  muscles,  while  at  the  same  (ime  the  centre  of  gravity  i*  main(ained 
r  other  miMcnlai  act*  (fig.  419). 

Th«  preaanre  upon  the  sole  of  (he  foot  in  walking  is  distributed  in  the  following  manner : 
he  snpporui^  leg  always  presses  more  strongly  on  the  ground  than  Ihe  other ;  the  longer  Ihe 
rp  the  greater  the  prcnure.  The  heel  receives  the  maximum  amount  of  pressure  sooner  than 
e  point  of  the  foot  (Carltt). 

Running  is  distinguished  from  rapid  walking  by  the  &ct  that,  at  a  particular 
oment,  both  legs  do  not  touch  the  ground,  so  that  the  body  is  raised  in  Ihe 
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air.     The  active  leg»  as  it  is  forcibly  extended  from  a  flexed  position,  gives  the 
body  the  necessary  impetus  (fig.  429). 

Pathological. — Variations  of  the  walking  movements  depend  primarily  upon  diseases  of 
bones,  ligaments,  muscles,  and  tendons,  and  also  upon  afifections  of  the  motor  nerves.  The  cfiect 
of  sensory  nerves  and  the  reflex  mechanism  of  the  spinal  cord,  and  also  of  the  muscular  sense 
on  walking,  are  stated  in  {{  355,  360,  430. 

311.  COMPARATIVE. — The  absolute  muscular  force  in  animals  is 
not;  as  a  rule,  much  different  from  that  in  man.  The  great  motor  power  exerted 
by  animals  results  from  the  thickness  and  number  of  the  muscles,  as  well  as 
from  the  different  arrangement  of  the  levers  and  the  action  of  muscles  on  them. 
Insects  particularly  exert  a  large  amount  of  force ;  some  insects  can  drag  a  body 
sixty-seven  times  their  own  weight ;  a  horse  scarcely  its  own  weight.  A  man 
pressing  upon  a  dynamometer  with  one  hand  exerts  pressure  =  o.  70  times  hs 
own  weighty  while  a  dog  lifting  its  lower  jaw  exerts  8.3  times ;  a  crab  by  clostog 
its  pincers  28.5  times;  and  a  mussel  on  closing,  its  shell  382  times  its  body- 
weight  {^Plateau). 

In  mfiininala  standing  is  much  more  easy,  as  they  have  four  supporting  surfaces.  Tbe 
springing  animals  have  a  sitting  attitude,  while  the  tail  is  often  used  as  a  support  (kangaroo, 
squirrel).  In  birds  there  is  a  mechanical  arrangement  by  which,  while  perching,  the  teodoosiie 
flexed;  hence,  a  bird  while  sleeping  can  still  retain  its  hold  (Ctivier),  In  the  stork  and  cnute, 
which  stand  for  a  long  time  on  one  leg,  this  act  is  unaccompanied  by  moscolar  acdooy  as  the 
tibia  b  fixed  by  means  of  a  process  which  fits  into  a  depression  of  the  articular  surface  of  tbe 
femur. 

In  walking,  we  distinguish  in  mammals  the  step  (le  pas) — the  four  feet  are  generally  moved 
in  four  tempo,  and  usually  diagonally,  e,  g.^  in  the  horse  right  fore,  left  hind ;  left  fore,  rig^ 
hind.  [The  camel  is  an  exception — it  moves  the  fore  and  hind  limbs  simultaneously  on  cack 
side.]  In  trotting  thb  movement  is  accelerated ;  the  two  limbs  in  a  diagonal  direction  laSL  to- 
gether, so  that  only  two  hoof-sounds  are  heard,  while  at  the  same  time  the  body  b  raised  skbc 
in  the  air.  During  the  interval  between  two  hoof- beats  the  body  is  free  in  tbe  air,  all  the 
limbs  having  left  the  ground.  Strictly  speaking,  the  fore  limb  leaves  the  ground  slightly  sooner 
than  the  hind  one.  The  gallop. — When  a  (right)  galloping  horse  moves  in  the  air,  the  of^xr 
part  of  its  body  b  fiiirly  horizontal;  when  it  touches  the  ground,  the  left  hind  foot  b  the  first  tc 
touch  the  ground.  Shortly  thereafter,  the  left  fore  and  right  hind  foot  touch  the  groood,  whik 
the  right  (ore  leg  has  not  yet  reached  the  ground  and  b  directed  forward.  The  upper  part  of 
the  b^y  still  retains  its  horizontal  direction.  When,  however,  a  few  moments  thereaner  tbe  k^ 
hind  leg  again  leaves  the  ground,  it  is  higher  than  the  fore  leg — simultaneously  the  right  fore  kg 
is  thrown  forward  and  lower,  while  the  right  hind  and  left  tott  leg  are  stretched  to  the  extroae. 
Immediately  thereafter  these  limbs  leave  the  ground,  while  the  hind  limb  so  far  overtakes  ihe 
fore  limb  that  it  comes  to  lie  higher  than  the  latter.  The  body,  therefore,  b  projected  forwards 
and  downwards  until  the  right  fore-limb,  which  alone  touches  the  ground,  actively  contracts  aod 
again  raises  the  body  from  the  ground.  When  thb  happens,  the  horse  again  moves  in  the  air, 
its  body  being  directed  horizontally.  The  long  axb  of  the  horse's  body  in  galloping  b  {^aced 
obliquely  to  the  direction  of  movement,  and  forming  a  right  angle.  In  forced  gukping  (U 
carriire),  which  b  really  a  springing  movement,  the  right  hind  leg  and  left  fore  leg  do  not  toadi 
the  ground  at  the  same  time,  but  the  former  does  so  sooner.  The  amble  b  a  modificatioa  of 
the  step,  which  consists  in  this,  that  both  feet  on  the  same  side  move  at  the  same  time  or  shorter 
afier  each  other  (camel,  giraffe,  elephant).  Marey  attached  compressible  ampollae  nodcr  tbe 
hoof  of  a  horse,  connecting  them  with  registering  apparatus,  and  thus  accurately  registered  the 
time  relation  of  each  act.  Muybridge  (motographed  the  actions  of  a  horse  and  the  difiieres: 
phases  of  the  movement. 

In  snakes  the  rudder-like  elevation  and  depression  of  the  ribs  cause  the  progreanoo  of  the 
body. 

Swimming  is  an  acquired  art  in  man.  The  specific  gravity  of  the  body  is  slighdy  grealer 
than  that  of  ordinary  water,  but  slightly  lighter  than  that  of  sea^water.  When  lying  qnietly  ec 
the  back,  so  that  only  the  mouth  and  nose  are  at  last  above  the  water,  very  slight  movements  0^ 
the  hands  are  necessary  to  keep  a  person  from  sinking.  In  thb  position,  progres&ioo  can  \* 
accomplished  by  extending  and  adducting  the  legs,  while  the  movement  b  accderated  t? 
rudder-like  movements  of  the  arms.  Swimming  belly  downwards  is  more  difHcult,  because  the 
head  being  held  above  the  water  makes  the  body  specifically  heavier.  The  forward  mo>reBea( 
and  the  act  of  supporting  the  body  in  the  water  consist  of  three  acts :  First ^  horizontal,  rwUc* 
like  movements  of  the  extended  arms  from  before  backwards,  until  they  reach  the 
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positioii  (forward  movement)  ;  second,  pressure  of  the  arms  downward  with  subsequent  adduc- 
tion of  the  elbow-joint  to  the  body  (elevation  of  the  body),  together  with  retraction  of  the 
extended  legs ;  ikirdt  projection  of  the  arms,  now  brought  together,  and  at  the  same  time  exten- 
sion and  adduction  of  the  legs  obliquely  backwards  and  downwards,  thus  causing  elevation  of 
the  body  as  well  as  a  forward  movement  Too  rapid  movements  cause  fatigue,  while  the  respi- 
rations must  be  carefully  regulated.  Many  land  mammals,  whose  body  is  specifically  h'ghter 
than  water,  can  swim,  especially  with  the  aid  of  their  ^nd  limbsw  while  at  the  same  time  aU  the 
legs  being  directed  downwards,  and  being  specifically  the  heaviest  part  of  the  body,  keep  the 
trunk  in  the  normal  position.  Fishes  chiefly  use  their  tail  fin  as  a  motor  organ,  which  is  moved 
by  powerful  lateral  muscles.  When  the  tail  is  suddenly  extended,  it  presses  upon  the  water  and 
displaces  it.  Some  fish,  as  the  salmon,  can  lift  their  body  out  of  the  water  by  a  blow  of  their  tail 
fin.  The  dorsal  and  anal  fins  enable  the  animal  to  preserve  the  erect  position.  The  pectoral 
and  abdominal  fins  corresponding  to  the  extremities  execute  slight  movements,  especially 
upwards  and  downwards,  which  are  greater  during  sleep.  The  swimming-bladder  is  the 
homologue  of  the  lung,  and  is  used  for  hydrostatic  purposes  in  some  fishes,  and  as  an  auxiliary 
respiratory  organ  in  ouers,  e,  ^.,  the  dipnoi  ({  140).  It  is  absent  or  rudimentary  in  the  cyclos- 
tomata.  In  swimming  birds,  the  body  is  specifically  very  much  lighter  than  the  water,  while 
their  feathers  are  lubricated  by  the  oily  secretion  of  the  coccygeal  glands  ({  291).  Their  feet 
are  usually  webbed. 

Flight. — Bats  and  their  allies  are  the  only  flying  mammals.  The  bones  of  the  upper  limb 
and  phalanges  are  greatly  elongated,  and  between  these  and  the  elongated  hind  limb  (except  the 
foot)  there  is  stretched  a  thin  membrane.  The  membrane  is  moved  by  the  powerful  pectoral 
muscles.  The  flying  squirrel  has  only  a  duplicature  of  the  skin  stretched  between  the  large 
bones  of  the  extremities,  which  serves  as  a  parachute  when  the  animal  springs.  In  birds  the 
body  b  specifically  light ;  numerous  air-sacs  in  the  chest  and  belly  communicate  with  the  lungs, 
and  with  the  cavities  of  most  of  the  bones  ({  140).  The  modified  upper  extremities  are  supported 
by  the  coracoid  bone  and  the  united  clavicles  or  furculum,  and  are  moved  by  the  powerful 
pectoral  muscles  attached  to  the  keeled  sternum.  Marey,  by  means  of  his  revolving  photographic 
camera,  has  analyzed  all  the  phases  of  flight  in  a  bird. 

[Warner  has  studied  the  movements  of  the  fingers,  and  correlated  these  movements  with 
changes  in  the  nerve-centres  in  certain  diseased  conditions,  e.  g.^  chorea.  An  india-rubber  tube 
is  attached  to  each  finger,  and  this  *<  motor  "  part  of  the  apparatus  is  connected  with  a  Marey's 
tambour.  The  several  finger-tubes  are  fixed  to  an  arrangement  not  unlike  a  cricketer's  glove,  so 
that  voluntary  or  involuntary  movements  of  the  fingers  can  be  registered  and  studied.] 


Voice  and  Speech,. 

312.  VOICE,  PHYSICAL  CONSIDERATIONS.— The  blast  of 
expired  air — and  under  certain  circumstances,  the  inspiratory  blast  also — is 
employed  to  throw  the  tense  vocal  CQrds  into  a  state  of  regular  vibration, 
whereby  a  sound  is  produced.     The  sound  so  produced  is  the  human  voice. 

The  true  vocal  cords  are  really  elastic  "  membranous  **  reeds.  If  a  blast  of  air  be  forcibly 
driven  upwards  through  the  partially  closed  glottis,  the  vocal  cords  are  pushed  asunder,  as  the 
elastic  tension  of  the  air  overcomes  the  resisunce  of  the  cords.  After  the  escape  of  air  firom 
below,  the  cords  rapidly  return  to  their  former  position,  and  are  again  pushed  asunder,  and 
caused  to  vibrate. 

1.  Thus,  when  a  membrane  vibrates,  the  aur  must  be  alternately  condensed  and  rarefied.  The 
condensation  and  rarefaaion  are  the  chief  cause  of  the  tone  or  note  (as  in  the  siren),  not  so  much 
the  membranes ^emselves  {v.  Heltnkoltz). 

2.  The  air-tube  or  '*  porte  vente,"  conducting  the  air  to  the  membranes  in  man  is  the  lower 
portion  of  the  larynx,  the  trachea,  and  the  whole  bronchial  system ;  the  bellows  are  represented 
by  the  chest  and  lungs,  which  are  forcibly  diminished  in  size  by  the  expiratory  muscles. 

3.  The  cavities  which  lie  above  the  membranes  constitute  *<  resonators,"  and  consist  of  the 
upper  part  of  the  larynx,  pharynx,  and  also  of  the  cavities  of  the  nose  and  mouth,  arranged,  as 
it  were,  in  two  stories,  the  one  over  the  other,  which  can  be  closed  alternately. 

The  pitch  of  the  tone  produced  by  a  membranous  apparatus  depends  upon  the  following 
&ctors: — 

{a)  On  the  length  of  the  elastic  membranes  or  plates.  The  pitch  is  inversely  proportional  to 
the  length  of  the  elastic  membrane,  u  ^.,  the  shorter  the  membrane  the  higher  the  pitch,  or  the 
greater  the  number  of  vibrations  per  second.  Hence,  the  pitch  of  a  child's  vocal  cords  (shorter) 
is  higher  than  that  of  an  adult. 
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(i)  The  pitch  of  Ihe  tone  is  directly  prop(»tioi»l  lo  the  tqoue  root  of  the  uhobiu  oI  dit 
eUslidtjr  of  the  elutic  membruie.  In  membnnout  reedi.  ind  abo  vith  lillc,  it  is  ditectlr  pro- 
poTtional  lo  the  iquare  root  of  the  extendiog  treighl,  which  in  the  cue  of  the  iarjax  ii  ibc  bnt 
of  the  ma  tele  rendering  the  cords  tenie. 

(<)  The  toDC  of  membranoai  rcedi  it  not  only  tlrrngthtntd  by  a  mere  pawrrfid  tUa,  ta  Ibc 
unplitnde  of  the  vibrstioni  a  increaied,  bat  tiit  pilch  of  Iht  lent  maj  atie  bt  raittdtK  IbCHM 
lime,  becsuse,  owing  to  the  great  amplitude  of  (he  nbruion,  the  mean  tentioo  of  the  dMk 
membrane  ii  increaied. 

(i/)  The  inpra-laj]mgea]  cavities,  which  act  a*  resonatora,  are  alio  inflated  when  the  laijti 
is  in  action,  so  that  the  tone  prodund  by  these  caviliei  is  added  lo  and  blended  with  the  )OBd 


Fig.  4JO.  Fig.  431. 

Fig.  430. — Laiynx  from  the  front,  with  the  ligaments  and  the  insertions  of  Ihe  mBclo. 
0.^.,  0»  hyoidenm;  CM.,  Cart,  thyreoidea;  Cvrf.trii.,  C«pu»  tiiiiccnm;  C<-.,  Cm. 
criccNdca;  C/r.,  Cart,  tncbealesi  Lig.thyr.-kyaid.mtd.,  Ligamentam  thyreo-hyiadc^ 
medium;  Lig.th.-h.li>t.,\jfjua.  Ihyreo-hytHdeum  laterale ;  I.ig.irit.-thjrT.mtJ.,'UpK. 
ctico-thyreoideam  medium;  L^.  crit. -track.,  Ligam.  crico-lracheale  1  M.  ii.-i.,  Mbc 
sterno-hyndens )  M.lh.-hyBid,,  Miuc.  ihyreO'hyoidensi  M.sl.-th.,  Mnsc  stinio-tliyno- 
ideus;  Af. £'r.-M.,  Mosc.  crico-thyreoideus.  Fig.  431. — Larynx  from  behind  after  renonl 
of  the  muscles.  E.,  EpiKloltis  cushion  (W.);  L,  ar.-ef..  Lig.  ary-epigtotticum;  M.m^ 
Membrana  tnucou;  C.  AF..  Cart.  Wrisbergii ;  C.S.,Ct.n.  Santorini ;  C.aryl.,  Ctit.  aj- 
tnnoidea;  C  f.,  Cut.  cricoidea;  ^.  m.,  Processus  mnscalaris  of  Cart,  arytam.;  L,cr.-tr., 
Ligam.  crico-aryiicn, ;  C,  1,,  Comu  superius;  C.  1'.,  Comu  inferios  Cart,  ibyrecada: 
L.ce.-er.p.i,,l.ig,  keralo-cricoideum.  post,  inf.;  C  A-.,  Cart.  Iracbeales;  P.m.lr^  Tm 
membranacea  trajcheac. 

of  the  elastic  membranei,  wbffeby  certain  partial  twiea  of  the  latter  are  strengthened  (f  41SI- 

The  characteristic  timbre  of  the  voice  lai^y  depends  upon  the  form  of  the  rcKxiaton. 

(e)  When  vocalizing,  the  strongest  resonance  takes  place  in  the  air-tuits,  sa  they  cenhii 

compressed  au'.     It  causes  Ihe  vocal  fremitus  which  i>  audible  on  placing  the  ew  over  the  cks 

(i  117.6). 
(/)  Narrowing  or  dilating  the  glottis  has  no  effect  on  the  pitch  of  the  tone,  only  witk  avist 

glottis  much  more  air  must  be  driven  through  it,  which,  of  course,  greatly  iDcreases  the  wort  of 

the  thorax. 

313.  ARRANGEMENT  OF  THE  LARYNX— I.  Cartilages  iwl   j 
Ligaments. — The  fundamental  part  of  the  larynx  consists  of  the  criawl  | 
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cartilage,  whose  small  narrow  portion  is  directed  forwards  and  the  broad  plate 
backwards.  The  thyroid  cartilage  articulates  by  its  inferior  comu  with  the 
posterior  lateral  portion  of  the  cricoid.  This  permits  of  the  thyroid  cartilage 
rotating  upon  a  horizontal  axis  directed  through  both  of  the  articular  sur&ces, 
so  that  the  upper  margin  of  the  thyroid  passes  forward  and  downward,  while 
the  joint  is  so  constructed  as  to  permit  also  of  a  slight  upward,  downward,  for- 
ward, and  backward  movement  of  the  thyroid  upon  the  cricoid  cartilage.  The 
triangular  arytenoid  cartilages  articulate  at  some  distance  from  the  middle 


Fig-  43"-  Fig-  43J. 

r^.  43a. — Larjnit  from  behind  wilb  iU  rausclei.  E.,  EpigloUii,  wilh  ihe  cushion  (W.); 
C.  IV.,  Cart.  Wriibei^;  C.  S.,  Oiit.  Ssntoiini;  Cc,  Cart,  cricoidea.  Comu  sup.^-Corna 
inr,  CaTt.tbyTcoidexi  Jtf.ar.tr.,  Muse,  arylienoideiu  trannersus;  Mm.ar.ebl.,  Musculi 
arytsenoidci  obliqui;  M.  er.  aryt.  pott..  Miuculiu  crico-arytxnoideus  posticus;  Pari 
(Art.,  Pars  cartilaginea ;  Pars  memb..  Pars  membranacea  trachea:.  Fig.  433. — Nerves  of 
the  larynx.  0.  h.,  Os  h^oideam;  C./A..CaTl.  tbyrecudea;  C.c.,Cax.  cricoidea;  TV., 
Trachea;  M.  Ik..er.,  M.  Ibyieo-arTtEenoideoi ;  Af.  cr.-UT.  p.,  M.  crico-atytienoideill 
poeticns;  M.  cr.-ar.  I.,  M.  crico-aiytfen.  lateralie;  M.  tr.-ti.,  M,  crieo-thyteoideus j 
Al  /ar.  tup.  v.,  N.  luyngeuB  sup. ;  Jf.  /.,  Runus  inteinus ;  //.  E.,  Ramus  ext. ;  A',  lar.  rti.  v., 
N.  UiTi^euireCDimis ;  R.  I.  N.  L.  K.,  Ramuiint.,  R.  E.  N.  L.  R.,  Ramus  ext.  aervi  laiyagci 
recnrrentii  vagi. 

ine,  with  oval,  saddle-like,  articular  surfaces  placed  upon  the  upper  margin  of 
he  plate  of  the  cricoid  cartilage.  The  articular  surfaces  permit  two  kinds  of 
lOvements  on  the  part  of  the  arytenoid  cartilages ;  fii^t,  rotation  on  their 
lase  around  their  vertical  long  axis,  whereby  either  the  anterior  angle  or  pro- 
essus  vocalis,  which  is  directed  forwards,  is  rotated  outwards ;  while  the  pro- 
essus  muscularis,  which  is  directed  outwards  and  projects  over  the  margin  of 
le  cricoid  cartilage,  is  rotated  backwards  and  inwards,  or  conversely.  Further, 
ie  arytenoids  may  be  slightly  displaced  upon  their  bases  either  outwards  or 
1  wards. 
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The  true  vocal  cords,  or  thyro-arytenoid  ligaments,  are  in  man  aboat  15 
millimetres,  and  in  woman  11  millimetres  in  length,  and  consist  of  nameroos 
elastic  fibres.  They  arise  close  to  each  other  from  near  the  middle  of  the  inner 
angle  of  the  thyroid  cartilage,  and  are  inserted,  each  into  the  anterior  angk  or 
processus  vocalis  of  the  arytenoid  cartilages.  The  ventricles  of  Morgagm 
permit  free  vibration  of  the  true  vocal  cords,  and  separate  them  from  the  upper 
or  false  cords,  which  consist  of  folds  of  mucous  membrane.  The  fake  vocal 
cords  are  not  concerned  in  phonation,  but  the  secretion  of  their  numeroos 
mucous  glands  moistens  the  true  vocal  cords. 

The  obliquely  directed  undersurface  of  the  vocal  cords  causes  the  cords  to  come  together  T07 
easily  when  the  glottis  is  narrow  during  respiration  (^.  ^.,  in  sobbing),  while  the  closure  may  be 
made  more  secure  by  respiration.  The  opposite  is  the  condition  of  the  h\se  vocal  cords,  whkfa, 
when  they  touch,  are  easily  separated  during  inspiration  ;  while  during  expiratioo,  owing  to  tk 
dilatation  of  the  ventricles  of  Morgagni,  they  easily  come  together  and  close  ( IVyllie^  L.  Bnm- 
ton  and  Cash). 


Fig-  434.  Fig.  43S- 

Fig.  434. — Schematic  horizontal  section  of  the  larynx.  I,  Position  of  the  horizoDtmlly  divided 
arytenoid  cartilages  during  respiration ;  from  their  anterior  processes  ran  the  cuufeigiiit 
vocal  cords.  The  arrows  show  the  line  of  traction  of  the  posterior  crUo-arytencid  oiui^; 
II,  II,  the  position  of  the  arytenoid  muscles,  as  a  result  of  this  action.  Fig.  435-— 
Schematic  horizontal  section  of  the  larynx,  to  illustrate  the  action  of  the  aryUnmd  wnadt. 
I,  I,  position  of  the  arytenoid  cartilages  during  quiet  respiration.  The  arrows  indicate  tbe 
direction  of  the  contraction  of  the  muscle;  II,  II,  the  position  of  the  arytenoid  caftSafe 
after  the  arytsenoideus  contracts. 

II.  Action  of  the  Laryngeal  Muscles. — [The  representation  of  tbc 
movements  of  the  larynx  in  the  cortex  cerebri  is  referred  to  under  Cerebnim.] 
These  muscles  have  a  double  function :  i.  One  connected  with  respiratkui, 
in  as  far  as  the  glottis  is  widened  and  narrowed  alternately  during  respiratioo ; 
further,  when  the  glottis  is  firmly  closed  by  these  muscles,  the  entrance  o* 
foreign  substances  into  the  larynx  is  prevented.  The  glottis  is  closed  immedi- 
ately before  the  act  of  coughing  (§  120).  2.  The  laryngeal  muscles  give  the 
vocal  cords  the  proper  tension  and  other  conditions  for  phonation* 

I.  The  glottis  is  dilated  by  the  action  of  the  posterior  crico-ar3^eiioid 
muscles.     When  they  contract  they  pull  both  processus  musculares  of  the 
arytenoid  cartilages  backwards,  downwards,  and  towards  the  middle  line  (^ 
434),  so  that  the  processus  vocales  (I,  I)  must  go  apart  and  upwards  (II,  II) 
Thus,  between  the  vocal  cords  (glottis  vocalis),  as  well  as  between  the  ioKr 
margins  of  the  arytenoid  cartilages,  a  large  triangular  space  is  formed  (glottis 
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respiratoria),  and  these  spaces  are  so  arranged  that  their  bases  come  together, 
so  that  the  aperture  between  the  cords  and  the  arytenoid  cartilages  has  a  rhom- 
boidal  form.  Fig.  434  shows  the  action  of  the  muscles.  The  vocal  cords, 
represented  by  lines  converging  in  front,  arise  from  the  anterior  angle  of  the 
arytenoid  cartilages  (I,  I).  When  these  cartilages  are  rotated  into  the  position 
(II,  II),  the  cords  take  the  position  indicated  by  the  dotted  lines.  The  widen- 
ing of  the  respiratory  portion  of  the  glottis  between  the  arytenoid  cartilages 
is  also  indicated  in  the  diagram. 

Pathological. — When  these  muscles  are  paralyzed,  the  widening  of  the  glottis  does  not  take 
place,  and  there  may  be  severe  dyspnoea  during  inspiration,  although  the  voice  is  unaffected 
{Reigeif  L,  Weber\  In  a  larynx  just  excised,  the  dilators  are  the  first  to  lose  their  excitability 
\Semon  and  Horstey),  In  organic  disease  affecting  the  recurrent  laryngeal  nerve  the  branch  to 
the  posterior  crico-aiytenoid  is  first  paralyzed  {Seniort),  When  the  recurrent  nerve  is  exposed 
and  cooled,  the  branch  to  the  posterior  crico-arytenoid  is  the  first  to  lose  its  excitability  (FrSnkei 
and  Gad). 

2.  The  entrance  to  the  glottis  is  constricted  by  the  arjrtenoid  muscle 
(transverse),  which  extends  transversely  between  both  outer  surfaces  of  the 
arytenoids  along  their  whole  length 
(fig.  435).  On  the  posterior  sur- 
face of  this  muscle  is  placed  the 
cross  bundles  (fig.-  433)  of  the 
thyro-aryepiglotticus  (or  arytae- 
noidei  obliqui) ;  they  act  like 
the  foregoing.  The  action  of 
these  muscles  is  indicated  in  fig. 
435  >  ^hc  arrows  point  to  the  line 
of  traction. 

Pathological. — Paralysis  of  this  mus- 
cle  enfeebles  the  voice  and  makes  it 
hoarse,  as  much  air  escapes  between  the 
ar3^tenoid  cartilages  during  phonation. 

3.  In  order  that  the  vocal 
cords  be  approximated  to  each 

^.    '     ^,  1  r    Scheme  of  the  closure  of  the  glottis  by  the  thyro- 

nation,  the    proces^   vocales   of       arytenoid  muscles.    II,  II,  position  of  the  ary. 

tenoid  cartilages  during  quiet  respiration.  The 
arrows  indicate  the  direction  of  the  muscular  trac- 
tion.— I,  I,  position  of  the  arytenoid  cartilages  after 
the  muscles  contract. 


Fig.  436. 


the  arytenoid  cartilages  must  be 
closely  apposed,  whereby  they 
must  be  rotated  inwards  and 
downwards.  This  result  is  brought 
about  by  the  processus  musculares  being  moved  in  a  forward  and  upward  direc- 
tion by  the  thyro-arytenoid  muscles.  These  muscles  are  applied  to,  and 
in  fact  are  embedded  in,  the  substance  of  the  elastic  vocal  cords,  and  their 
fibres  reach  to  the  external  surface  of  the  arytenoid  cartilages.  When  they 
contract,  they  rotate  these  cartilages  so  that  the  processus  vocales  must  rotate 
inwards.  The  glottis  vocalis  is  thereby  narrowed  to  a  mere  slit  (fig.  436), 
whilst  the  glottis  respiratoria  remains  as  a  broad  triangular  opening.  The 
action  of  these  muscles  is  indicated  in  fig.  436. 

The  lateral  crico-ar/tenoid  muscle  is  inserted  into  the  anterior  margin 
of  the  articular  surface  of  the  arytenoid  cartilage ;  hence,  it  can  only  pull  the 
cartilage  forwards ;  but  some  have  supposed  that  it  can  also  rotate  the  arytenoid 
cartilage  in  a  manner  similar  to  the  thyro-arytenoid  (?),  with  this  difference, 
that  the  processus  vocales  do  not  come  so  close  to  each  other. 

Pathological. — Paralysis  of  both  thyro-arytenoid  muscles  causes  loss  of  voice. 

4.  The  vocal  cords  are  rendered  tense  by  their  points  of  attachment 
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being  removed  from  each  other  by  the  action  of  muscles.  The  chief  agents  in 
this  action  are  the  crico-thyroid  muscles,  which  pull  the  th^rroid  cartilage 
forwards  and  downwards.  At  the  same  time,  however,  the  posterior  crico- 
arytenoids must  pull  the  arytenoid  cartilages  slightly  backwards,  and  also  keep 
them  fixed. 

The  geniohyoid  and  thyro-hyoid,  when  they  contract,  pall  the  thyroid  upwards  and  (bnrards 
towards  the  chin,  and  also  tend  to  increase  the  tension  of  the  vocal  cords  (C.  Mayer,  GrSluur). 
According  to  Kiesselbach  the  crico-thyroid  elevates  the  ring  of  the  cricoid  cartilage.  The  pine 
of  the  cricoid  is  thereby  directed  backwards  and  downwards,  and  thus  causes  tensioD  of  tbc 
vocal  cords. 

Pathological. — Paraljrsis  of  the  crico-thyroid  causes  the  voice  to  become  harsh  and  deep, 
owing  to  the  vocal  cords  not  being  sufficiently  tense. 

Position  during  Phonation. — The  tension  of  the  vocal  cords  brought 
about  in  this  way  is  not  of  itself  sufficient  for  phonation.  The  triangular 
aperture  of  the  glottis  respiratoria  between  the  arytenoid  cartilages,  produced 
by  the  unaided  action  of  the  internal  thyro-arytenoid  muscles  (see  3)  must  be 
closed  by  the  action  of  the  transverse  and  oblique  arytenoid  muscles.  The 
vocal  cords  themselves  must  have^  a  concave  margin,  which  is  obtained  through 
the  action  of  the  crico-thyroids  and  posterior  crico-arytenoids,  so  that  the 
glottis  vocalis  presents  the  appearance  of  a  myrtle  leaf  {Henle)^  while  the  rima 
glottidis  has  the  form  of  a  linear  slit  (fig.  440).  The  contraction  of  the 
internal  thyro-ar3rtenoid  converts  the  concave  margin  of  the  vocal  cords  into  a 
straight  margin.  This  muscle  adjusts  the  delicate  variations  of  tension  of  the 
vocal  cords  themselves,  causing  more  especially  such  variations  as  are  necessary 
for  the  production  of  tones  of  slightly  different  pitch.  As  these  muscles  come 
close  to  the  margin  of  the  cords,  and  are  securely  woven,  as  it  were,  amougsi 
the  elastic  fibres  of  which  the  cords  consist,  they  are  specially  adapted  few  the 
above-mentioned  purpose.  When  the  muscles  contract,  they  give  the  necesary 
resistance  to  the  cords,  thus  favoring  their  vibration.  As  some  of  the  muscular 
fibres  end  in  the  elastic  fibres  of  the  cords,  these  fibres,  when  they  contract,  can 
render  certain  parts  of  the  cords  more  tense  than  others,  and  thus  favor  the 
modifications  in  the  formation  of  the  tones.  The  coarser  variations  in  the 
tension  of  the  vocal  cords  are  produced  by  the  separation  of  the  thyroid  fro© 
the  arytenoid  cartilages,  while  the^«^r  variations  of  tension  are  produced  by 
the  thyro-arytenoid  muscles.  The  value  of  the  elastic-tissue  of  the  cords  doe 
not  depend  so  much  upon  its  extensibility  as  upon  its  property  of  shortaiiQg 
without  forming  folds  and  creases. 

Pathological. — In  paraljrsis  of  these  muscles,  the  voice  can  only  be  produced  by  foicSiIt 
expiration,  as  much  air  escapes  through  the  glottis ;  the  tones  are  at  the  same  time  deep  aod 
impure.  Paralysis  of  the  muscle  of  one  side  causes  flipping  of  the  vocal  cord  on  that  ads 
{Gerhardt), 

5.  The  relaxation  of  the  vocal  cords  occurs  spontaneously  when  the 
stretching  forces  cease  to  act ;  the  elasticity  of  the  displaced  thyroid  and  aryte- 
noid cartilages  comes  into  play,  and  restores  them  to  their  original  position 
The  vocal  cords  are  also  relaxed  by  the  action  of  the  thyro-arytenoid  and 
lateral  crico -arytenoid  muscles. 

It  is  evident,  from  the  above  statements,  that  tension  of  the  vocal  cords 
and  narrowing  of  the  glottis  are  necessary  for  phonation.  The  tension 
is  produced  by  the  crico-thyroids  and  posterior  crico-arytenoids ;  the  narrowing 
of  the  glottis  respiratoria  by  the  arytenoids,  transverse  and  oblique,  the  glottis 
vocalis  being  narrowed  by  the  thyro-arytenoids  and  (?  lateral  crico-arytenoids), 
the  former  muscles  causing  the  cords  themselves  to  become  tense. 

Nerves  (§  352,  5). — The  crico-thyroid  is  supplied  by  the  superior  laryngnJ 
branch  of  the  vagus,  which  at  the  same  time  is  the  sensory  nerve  of  the  moc»e- 
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membrane  of  the  larynx.     All  the  other  intrinsic  muscles  of  the  larynx  are 
supplied  by  the  inferior  laryngeal. 

[Section  of  the  superior  laryngeal  Derve  in  the  hone,  sIthoDgh  it  U  a  purely  sensory  nerve  in 
this  animal,  causes  cessation  of  the  movements  of  the  glottis  on  that  side,  and  subsequently 
onilateral  atrophy  of  the  laiynEcal  muscles  (AtoIIrr,  Exner).'] 

The  mucous  membrane  of  the  larynx  is  richly  supplied  with  elastic  fibres,  and  so  is  the 
sab  mucosa.  The  aub-mucosa  is  more  tax  near  the  eotrance  to  (he  glottis  utd  in  the  ventricle 
of  Mo^gni,  which  explains  the  enormous  swelling  ihat  sometimes  occurs  in  these  parts  in 


\ 


I 


Fig.  437- 
Vertical  section  through  the  head  and  neck,  to  the   1st  dorsal  vertebra ;   a,  position  of  the 
latyngo^cope  on  observing  the  posterior  part  of  the  glottis,  arytenoid  cartilages,  and  upper 
sarface  of  the  posterior  wall  of  the  larynx ;  i,  lis  position  on  observing  the  anterior  angle 
of  the  glottis,    a.  Small,  sod  b,  large  laryngoscopic  mirrors. 

oedema  glottidis.  A  tbio  clear  limiting  membrane  lies  under  the  epitheliiun.  The  epithelium 
i>  stratified,  cylindrical,  and  ciliated  with  intervenii^  goblet  cells.  On  the  true  vocal  cords  and 
the  anterior  surface  of  the  epiglottis,  however,  this  is  replaced  by  slralified  squamous  epithelium, 
irbich  covers  the  small  papillae  of  the  mucous  membrane.  Numerous  branched  mucous  glands 
occur  over  the  cartilages  of  Wrisbecg,  the  cushion  of  the  epiglottis,  and  in  the  ventricles  of 
Morgagni ;  in  other  situations,  as  on  the  posterior  surface  of  the  Isryni,  ibe  glands  are  more 
scattered.  The  blood-veaselB  form  a  dense  capillary  plexus  under  the  membrana  propria  of 
the  mucous  membrane;  under  this,  however,  there  are  other  two  strata  of  blood-vessels.  The 
lymphatica  form  a  superficial  oarrow  meshworh  under  the  blood- capillaries,  with  a  deeper, 
coarser  plexus.    The  medullated  nerves  have  ganglia  In  their  branches,  but  their  mode  of  ter. 
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minatioD  is  unkaown.  [W.  Stirling  has  described  ■  rich  snb-epiiheluJ  jdexa 
nerve- iibres  on  Ihe  ■nterior  surface  of  the  epiglottis,  while  he  Godi  that  there  arc  gi  _ 
cells  in  the  course  of  the  superior  laryngeal  nerve.]  Cartilage*. — The  thyroid,  oricoid,  aid 
nearly  the  whole  of  the  uTtenoid  canikges  coniiit  of  hyaline  cvtilage.  The  two  fonset  m 
prone  to  ossify.  The  apex  and  processus  vocalis  of  the  arytenoid  caitilages  consist  of  jrBra 
fidro-cartilagt,  and  so  do  all  Ihe  otbcr  cartilages  of  the  larynx.  The  laryni  grows  util  iIkm: 
the  nilh  year,  when  it  rests  for  a  time,  but  it  becomes  again  much  larger  at  puberty  (j  434). 

314.  LARYNGOSCOPY.— The  Laryngoscope  consists  of  a  anall 
mirror  fixed  to  a  long  handle,  at  an  angle  of  las"  to  130°  (fig.  437,  o,  *). 
When  the  mouth  is  opened,  and  the  tongue  drawn  forward,  the  mirror  is  btro- 
duced,  as  is  shown  in  fig.  438.  The  position  of  the  mirror  must  be  varied, 
according  to  the  position  of  the  larynx  we  wish  to  examine ;  in  some  cases  the 
soft  palate  has  to  be  raised  by  the  back  of  the  mirror,  as  in  the  position  b.  A 
picture  of  the  part  of  the  larynx  examined  is  formed  in  the  small  mirror,  the 
rays  of  light  passing  in  the  direction  indicated  by  the  dotted  lines  from  the 
mirror ;  they  are  reflected  at  the  same  angle  through  the  mouth  into  the  eye  of 
the  observer,  who  must  place  himself  in  the  direction  of  the  reflected  rays. 


FlB-438. 
Method  of  examining  the  laiyni. 

The  illumination  of  the  larynx  U  accomplished  either  by  meaDS  of  direct  sonli^  or  br 
light  from  an  artificial  source,  i.  g.,  an  ordinary  lamp,  an  oxyhjdrr^^  time-light,  or  the  dedtic 
light.  The  beam  of  light  impinges  upon  a  concave  mirror  of  15  to  10  centimelres  foens,  and  10 
centimetres  in  width,  and  From  its  sarface  the  concentrated  beam  of  light  is  reflected  thmgh  the 
mouth  of  the  patient,  and  directed  upon  the  small  mirror  held  in  the  back  part  of  the  tintL 
The  beam  of  light  is  reflected  at  the  same  angle  toward  the  larynx  by  the  small  throat  mimi. 
so  thai  the  larynx  is  brightly  illuminated.  The  observer  has  now  to  direct  his  eye  in  the  i«mt 
direction  as  the  illuminating  rays,  which  can  be  accomplished  by  having  a  hole  in  the  centn  cr 
the  concave  mirror,  through  which  the  observer  looks.  Practically,  however,  this  is  nnnecenarj , 
all  (bat  is  necessary  is  to  fix  Ihe  concave  mirror  to  the  forehead  by  means  of  a  bn»d  dasic 
band,  so  that  the  observer,  by  looking  just  under  the  margin  of  the  concave  rmrror,  au>  see  tk 
picture  of  the  larynx  in  the  small  throat  miiror  (fig.  438]. 

In  order  to  examine  the  larynx,  place  the  patient  immediately  in  front  of  yon,  and  casse  1>ie 
to  open  his  mouth  and  protrude  his  tongue.  A  tamp  is  placed  at  the  side  of  the  bead  <£  Ibc 
patient,  and  light  from  this  source  is  reflected  from  Ihe  concave  mirror  on  the  obscmr's  be- 
head, and  concentrated  upon  the  laryngosco{^c  mirror  introduced  into  the  back  pan  of  the  Ibne 
of  the  patient  flig.  43S). 

Oenel  was  atilc,  by  means  of  a  rapid  intetmitlent  illumination  of  the  larynx  tbroagfa  a  itnk- 
scopic  disc,  to  study  the  movements  of  the  vocal  cords  directly  with  the  eye.  Simaoowsky  ;■ 
a  phot<^aphic  camera  in  the  poution  of  the  eye,  and  photographed  the  movements  of  tbe  "ool 
cords  of  an  artilidal  larynx.     [Brown  and  Behnke  have  photogiaphed  Ihe  human  vt>cal  csdi] 
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HistoricBl — Arter  Bozzini  (1807)  gave  Ihe  first  impulse  lowarda  Ibe  inveat^ation  of  (he 
intcmil  cavities  of  (he  body,  by  illuininBting  Ihem  wilh  the  aid  of  mirron,  Babinnon  (1829) 
muallj  obserred  (he  glottis  in  this  way.  Tbe  famous  sioger,  Manuel  Garcia  (1554),  made 
ia'nt^uiom  both  oo  himself  and  other  singers,  regarding  the  moTements  of  the  vocal  cordi, 
dunng  respiration  and  pbonalion.  The  exBTninatioa  of  the  laryDi  by  means  of  the  laiyngOKopc 
was  rendered  practicable  chied;  by  TUrck  (1S57)  and  Czermak,  the  latter  observer  being  (he  lirst 
(0  use  the  light  of  a  lamp  for  (he  illumination  of  (he  larynx.  Rhinoscopy  was  actually  tint 
pncliced  by  Baum^s  (i8j8),  but  Czermak  was  the  first  perscdl  who  invest^ated  this  subject 
i^toDiticilly. 

Laryngeal  Electrodes. — V.  Ziemssen  introduces  long  narrow  electrodes  into  the  laryni,  (o 
niniiila(e  the  mnscles  and  study  their  actions.  Rossbach  finds  that  the  muscles  and  nerves  of  the 
iniarior  of  the  larynx  may  be  stimulated  by  stimulating  the  skin,  1. 1.,  percutaneously.  These 
methods  are  used  both  (or  physiological  and  therapeutical  porposes. 

Picture  of  the  Larynx. — Fig.  439  shows  the  following  structures:    L,, 

the  root  of  the  tongue,  with  the  ligamentum  glosso-epiglotticum  continued  from 

its  mid(j]e:   on  each  side  of  the  latter  are 

V.  v.,  the  so-called  vallecula.     The  epiglot- 

tis{E.)  appears  like  an  arched  upper  lip; 

undeT  it,  during  normal  respiration,  is  the 

lancet-shaped  gioilis  {R.)  and  on  each  side 

af  it   the   true  vocal  cords  (Z.  v.).    The 

length  of  the  vocal  cord  in  a  child  is  6  to  8 

•am.,  in  the  female  10  to  15  mm,  when  they 

ire  relaxed,  and  15  to  20  mm.  when  tense. 

a  man,  the  lengths  under  the  same  condi- 

ions  are  15  to  30  mm.  and  20  to  15  mm. 

rbe  breadth  varies  from   2  to  5  mm.     On 

he  external  side  of  each  vocal  cord  is  the 

nuance  to  the  sinus  of  Morgagm  (5.  M.),  j- 

epresentcd  as  a  dark  line.    Further  upwards  _.     ,  ..u    ■.    , 

_j  _  ,  ,         ,  r  •.    ■,  Ihe  larynx,  as  seen  with  the  larynco- 

nd  more  external  are  (Z.  v.  j.)  the  upper  or      ^p^,'  /_  ^         .  ^  _ epigi^d/TV: 

7lse  vocal  cords.     [The  upper  or  false  vocal  vallecula;     >?.,   glottis;    Z.  p.,   true 

ords  are  red,  the  lower  or  true,  white.]   On  vocal  cords;  s.  M.,  sinus  Moi^gni ; 

ach  side  oi  P.   are  {S.S.')   the  apices  of  X.  p.  i„  false  vocal  cords;  /-..position 

\ecartilages  of  Santorim,  placed  upon  the  .    ■^^"l^^'^K  b -'^^'^'^%  °'  ^"' 

r     J.  ■  1  -1  f7,      .  torini;    tV.,  of  Wnsberg;  S.  p.,  sinus 

piccs  of  the  arytenoid  cartilages,  while  im-       piriformes  &•      /■  - 

icdiately  behind  is  the  wall  of  the  pharynx, 

'.  In  the  aryteno-epiglottidean  fold  are  (  ff^  fV.)  the  cartilages  of  Wrisberg, 
hile  outside  these  are  the  depressions  {S.p.')  constituting  the  sinus piriformes. 
During  normal  respiration  ■  the  glottis  has  the  form  of  a  lancet-shaped 
It  between  the  bright  yellowish -white  vocal  cords  (fig.  440).     If  a  deep 


Fig.  440.  Fig.  441. 

Position  of  tbe  vocal  cords  on  uttering  a  View  of  the  rings  and  bifurcation  of 

high  note.  trachea. 

spiration  be  taken,  the  glottis  is  considerably  widened  (fig.  441),  and  if  the 
rror  be  favorably  adjusted  we  may  see  the  rings  of  the  trachea,  and  even  the 
urcation  of  Ihe  trachea. 
4» 
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If  a  high  note  be  uttered,  the  glottis  is  contracted  to  a  very  narrow  slit 
(fig.  440). 

Rhinoscopy, — If  a  small  mirror,  died  to  a  bandie  at  an  angle  of  100°  to  1 10°,  be  imrcdnced 
iolo  the  pharynx,  ie  showD  in  fig.  443, 
and  if  the  mirror  be  directed  x/inirdlj, 
certain  structures  are  with  diflkolt; 
rendeied  visible  (tig.  443).  In  the 
middle  is  the  sqjtum  narium  (5,  H.i, 
and  on  each  side  of  il  tbe  long  ovil 
large  posierior  nires  {Ci.),  below  this 
tiuia/i /la/a/e  [P.  m.),-mtii  the  pendant 
uvula  {{/.).  In  the  posterioT  nates  are 
the  posterior  exlremities  of  the  lown 
( i;',  (.),  middle  (C,  (■.),  and  opper  Inr. 
diitaltit  ionts  [C.  i.).  At  the  uppn 
pail,  s  portion  of  the  roof  of  tlie 
pharynx  (  O.  A'.)  is  seen,  with  Iht  aiched 
masses  of  adenoid  tissue  lying  betacoi 
^  the  openings  of  the  Euitackiati  luiti 
( T.  T.),  and  called  by  Lusclika  tbt 
i  pharyngfal  IbhsUs.  Eilemil  to  dK 
openings  of  the  Enstachian  lube  is  the 
tubular  emineme  {W.\,  and  outad* 
this  is  the  groove  of  Rosenmiiller  (*,). 
Experimenta  on  the  Excised 
Larynx.— 'Ferrein  (J  741)  and  JtA. 
Milller  made  experimenlE  upon  the 
eicised  laryni.  A  tracheal  tube  wii 
tied  into  tbe  excised  human  laiyni, 
and  air  was  blown  through  il,  the 
pressure  being  measured  by  means  of  1 
mercurial  manomeler,  white  niim 
arrangements  were  adopted  for  potting 
the  vocal  cords  on  the  stretch  snd  for 
hinoscopy.        opening  or  closing  (he  glottis, 

315.   CONDITIONS    INFLUENCING    THE    LARYNGEAL 
SOUNDS.— The  pitch  of  the  note  emitted  by  ihe  larynx  depends  upon :— 

1.    The    Tension    of  the    Vocal 

Cords,  /.  e.,  upon  ihe  degree  of  con- 
traction of  the  crico-thyroid  and  postetiot 
crico-arytenoid  muscles,  and  also  of  the 
internal  thy ro- arytenoids  (§  313,  11,  4)- 

2.  TheLengthoftheVocalCords. 
(a)  Children  and  females  with  short  voal 
cords  prtxluce  high  notes.  (^)  If  the 
arytenoid  cartilages  are  pressed  together 
by  the  action  of  the  arytenoid  muscles 
(transverse  and  oblique),  so  that  the  vocil 
cords  alone  can  vibrate,  while  their  inter- 
cartilaginous  portions  lying  between  Ihe 
Fig,  ^j,  processus  vocales  do  not,  the  tone  thereby 

Composite  rhinoscopic  view.  5,x..  Septum  produced  Is  higher  (Gar««).  In  the  pn>- 
narium;  Ci.,  Cm.,  C.s.,  lower,  middle,  duction  of  low  notes,  the  vocal  cords,  M 
and  upper  turbinated  bones;  T.,  Easta-  well  as  the  margins  of  the  arytenoid  cani- 
cbiantuhe;   H<,  tubular  eminence ;  K.,     laggg^    vibrate.       At   the    same    time   the 

rr-roTpwiV;  ^ru^au!'''"'^      ^Pf  ^  ^Y'  i'^^^"l^^"<=^  'l"^'  Slotlb  is 

enlarged  and  the  larynx  becomes  mote 

prominent,     (f)  Every  individual  has  a  certain   medium  pitch   of  his  voice, 
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which  corresponds  to  the  smallest  possible  tension  of  the  intrinsic  muscles  of 
the  larynx. 

3.  The  Strength  of  the  Blast. — That  the  strength  of  the  blast  from  below 
raises  the  pitch  of  the  tones  of  the  human  larynx  is  shown  by  the  fact,  that 
tones  of  the  highest  pitch  can  only  be  uttered  by  powerful  expiratory  efforts. 
With  tones  of  medium  pitch,  the  pressure  of  the  air  in  the  trachea  is  160  mm., 
with  high  pitch  200  mm.,  and  with  very  high  notes  945  mm.,  and  in  whispering 
20  mm.,  of  water  (^Cagniard-Latour),  These  results  were  obtained  in  a  ca*e 
of  tracheal  fistula. 

Accessory  Phenomena. — The  following  as  yet  but  partially  explained  phenomena  are  ob- 
served in  connection  with  the  production  of  high  notes :  \a)  As  the  pitch  of  the  note  rises,  the 
larynx  is  elevated,  partly  because  the  muscles  raising  it  are  active,  partly  because  the  increased 
intra- tracheal  pressure  so  lengthens  the  trachea,  that  the  larynx  is  thereby  raised ;  the  uvula  is 
raised  more  and  more  {Labus),  (b)  The  upper  vocal  cords  approximate  to  each  other  more  and 
more,  without,  however,  coming  into  contact,  or  participating  in  the  vibrations,  (c)  The  epi- 
glottis inclines  nx>re  and  more  backwards  over  the  glottis. 

4.  The  falsetto  voice,  with  its  soft  timbre  and  the  absence  of  resonance 
or  pectoral  fremitus  in  the  air-tubes,  is  particularly  interesting.  Oertel  observed 
that,  during  the  falsetto  voice,  the  vocal  cords  vibrated  so  as  to  form  nodes 
across  them,  but  sometimes  there  was  only  one  node,  so  that  the  free  margin  of 
the  cord  and  the  basal  margin  vibrated,  being  separated  from  each  other  by  a 
nodal  line  (parallel  to  the  margins  of  the  vocal  cord).  During  a  high  falsetto 
note  there  may  be  three  such  nodal  lines  parallel  to  each  other.  The  nodal 
lines  are  produced  probably  by  a  partial  contraction  of  the  fibres  of  the  thyro- 
arytenoid muscle  (p.  653),  while  at  the  same  time  the  vocal  cords  must  be  re- 
duced to  as  thin  plates  as  possible  by  the  action  of  the  crico-thyroid,  posterior 
arytenoid,  thyro-  and  genio-hyoid  muscles  (^Oertel),  The  form  of  the  glottis  is 
elliptical,  while  with  the  chest-voice  the  vocal  cords  are  limited  by  straight 
surfaces ;  the  air  also  passes  more  freely  through  the  larynx. 

Oertel  also  found  that  during  the  falsetto  voice  the  epiglottis  is  erect.  The  apices  of  the  ary- 
tenoid cartilages  are  slightly  inclined  backwards,  the  whole  larynx  is  larger  from  before  back- 
wards, and  narrower  from  side  to  side,  the  aryepiglottidean  folds  are  tense  with  sharp  margins, 
and  the  entrance  to  the  ventricles  of  Morgagni  is  narrowed.  The  vocal  cords  are  narrower,  the 
processus  vocales  touch  each  other.  The  rotation  of  the  arytenoid  cartilages  necessary  for  this 
is  brought  about  by  the  action  of  the  crico-arytenoid  alone,  while  the  thyro-arytenoid  is  to  be  re- 
garded only  as  an  accessory  aid.  The  pitch  of  the  note  is  increased  solely  by  increased  tension 
of  the  vocal  cords.  In  addition,  there  are  a  number  of  transverse  and  longitudinal /ar/i^z/ z^nz- 
turns.  Daring  the  chest-voice,  a  smaller  part  of  the  margin  vibrates  than  in  the  falsetto  voice, 
so  that  in  the  production  of  the  latter  we  are  conscious  of  less  muscular  exertion  in  the  lar^'nx. 
The  uvula  is  raised  to  the  horizontal  position. 

Production  of  Voice. — In  order  that  voice  be  produced,  the  following 
conditions  are  necessary:  (i)  The  necessary  amount  of  air  is  collected  in  the 
chest ;  (2)  the  larynx  and  its  parts  are  fixed  in  the  proper  position  ;  (3)  air  is 
then  forced  by  an  expiratory  effort  either  through  the  linear  chink  of  the  closed 
glottis,  so  that  the  latter  is  forced  open,  or  at  first  some  air  is  allowed  to  pass 
through  the  glottis  without  producing  a  sound,  but  as  the  blast  of  air  is 
strengthened  the  vocal  cords  are  thrown  into  vibration. 

316.  RANGE  OF  THE  VOICE.— The  range  of  the  human  voice  for 
chest  notes  is  given  in  the  following  scheme : — 

The  accompanying  figures  indicate  the  number  of  vibrations  per  second  in  the  corresponding 
tone.  It  is  evident  that  from  c^  iof^  is  common  to  all  voices,  nevertheless,  they  have  a  different 
timbre.  The  lowest  note  or  tone,  which,  however,  is  only  occasionally  sung  by  bass  singers,  is 
tbc  contra-F,  with  42  vibrations — the  highest  note  of  the  soprano  voice  is  a^^\  with  1708  vibra- 
tions. 
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Timbre. — The  voice  of  every  individual  has  a  peculiar  quality^  clangs  or 
timbre^  which  depends  upon  the  shape  of  all  the  cavities  connected  with  ihe 
larynx.  In  the  production  of  nasal  tones ^  the  air  in  the  nose  is  caused  to  vibrate 
strongly,  so  that  the  en  trance;  to  the  nares  must  necessarily  be  open. 

317.  SPEECH— THE  VOWELS.— The  motor  processes  connected 
with  the  production  of  speech  occur  in  the  resonating  cavities,  the  pharynx, 
mouth,  and  nose,  and  are  directed  towards  the  production  of  musical  tones  and 
noises. 

Whispering  and  Audible  Speech. — When  sounds  or  noises  are  produced 
in  the  resonating  chambers,  the  larynx  being  passive,  the  vox  clandestina,  or 
whispering  is  produced  ;  when  the  vocal  cords,  however,  vibrate  at  the  same 
time,  **  audible  speech  "  is  produced.  [Whispering,  therefore,  is  speech  with- 
out voice.]  Whispering  may  be  fairly  loud,  but  it  requires  great  exertion,  /.  e.,  a 
great  expiratory  blast,  for  its  production ;  hence  it  is  very  fatiguing.  It  may 
be  performed  both  with  inspiration  and  expiration,  while  audible  speech  is  but 
temporary  and  indistinct,  if  it  is  produced  during  inspiration.  Whispering  is 
caused  by  the  sound  produced  by  the  air  passing  over  the  obtuse  margins  of  the 
cords.  During  the  production  of  audible  sounds,  however,  the  sharp  margins 
of  the  vocal  cords  are  directed  towards  the  air  by  the  position  of  the  processus 
vocales. 

During  speech  the  soft  palate  is  in  action ;  at  each  word  it  is  raised,  while  at  the  same  time 
Passavant's  transverse  band  is  formed  ttx  the  pharynx  ({  156).  The  soft  palate  b  raised  highest 
when  u  and  i  are  sounded,  then  with  o  and  e^  and  \east  with  a.  When  sounding  m  and  n  it 
does  not  move ;  it  is  high  (like  n)  during  the  utterance  of  the  explosives.  With  1,  8,  and 
especially  with  the  guttural  r,  it  exhibits  a  trembling  movement  {Gtnfzfn,  Fa/Jksan), 

Speech  is  composed  of  vowels  and  consonants. 

A.  Vowels  (analysis  and  artificial  formation,  §  413). — A.  During  ^whis- 
pering, a  vowel  is  the  musical  tone  produced,  either  during  expiration  or  inspi- 
ration, by  the  inflated  characteristic  form  of  the  mouth,  which  not  only  has  a 
definite//Vr^,  but  also  a  particular  and  characteristic  timbre.  The  characteristic 
form  of  the  mouth  may  be  called  **  vowel  cavity,  ^^ 

I.  The  pitch  of  the  vowels  may  be  estimated  musically.  It  is  remarkable  that  the  fonda- 
mental  tone  of  the  **  vowel-cavity  "  is  nearly  constant  at  different  ages  and  in  the  sexes.  The 
different  capacities  of  the  mouth  can  be  compensated  for  by  different  sizes  of  the  orml  aperture. 
The  pitch  of  the  vowel -cavity  may  be  estimated  by  placing  a  number  of  vibrating  tuning-forks  of 
different  pitch  in  front  of  the  mouth,  and  testing  them  until  we  find  the  one  which  correspoods 
with  the  fundamental  tone  of  the  vowel-cavity.  This  is  known  by  the  fact  that  the  tone  of  the 
tuning. fork  is  intensified  by  the  resonance  of  the  air  in  the  mouth,  or  the  vibrations  may  be  trans- 
ferred to  a  vibrating  membrane  and  recorded  on  a  smoked  surface,  as  in  the  phonautognpli  of 
Donders. 
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According  to  K5nig,  the  fundamental  tones  of  the  vowel-cavity  are  for 

U  =  b,  O  =  b',  A  =  b",  E  =  b'",  I  =  b"". 

If  the  vowels  be  whispered  in  this  series,  we  find  at  once  that  their  pitch 
rises.  The  fundamental  tone  in  the  production  of  a  vowel  may  vary  within 
certain  limits.  This  may  be  shown  by  giving  the  mouth  the  characteristic 
position  and  then  percussing  the  cheeks  {Auerbacfi)\  the  sound  emitted  is 
that  of  the  vowel,  whose  pitch  will  vary  accordingly  to  the  position  of  the 
mouth. 

When  sounding  A;  the  month  has  the  form  of  a  funnel  widenmg  in  front  (fig.  444,  A).  The 
tongue  lies  in  the  floor  of  the  mouth,  and  the  lip  are  wide  open.  The  soft  palate  is  moderately 
raised  {Curmak),  It  is  more  elevated  successively  with  O,  E,  U,  I.  The  hyoid  bone  appears 
as  if  at  rest,  but  the  larynx  is  slightly  raised.     It  is  higher  than  with  U,  but  lower  than  with  I. 

If  we  sound  A  to  I,  the  larynx  and  the  hyoid  bone  retain  their  relative  position,  but  both  are 
raised.  In  passing  from  A  to  U,  the  larynx  is  depressed  as  £iir  as  possible.  The  hyoid  bone 
passes  slightly  forward  {Br&cke),  When  sounding  A,  the  space  between  the  larynx,  posterior 
wall  of  the  pharynx,  soft  palate,  and  the  root  of  the  tongue,  is  only  moderately  wide ;  it 
becomes  wider  with  E,  and  especially  with  I  {Purkinje)^  but  it  is  smallest  with  U. 

When  sounding  U  (fig.  444)1  the  form  of  the  cavity  of  the  mouth  is  like  that  of  a  capacious 
flask  with  a  short,  narrow  neck.  The  whole  resonance  apparatus  is  then  longest.  The  lips  are 
protruded  as  far  as  possible,  are  arranged  in  folds  and  closed,  leaving  only  a  small  opening. 


Fig.  444. 

Section  of  the  parts  concerned  in  phonation.     Z,  tongue;  p,  soft  palate;  ^,  epiglottis;  g^  glottis; 

h,  hyoid  bone ;  I,  thyroid,  2,  3,  cricoid,  4,  arytenoid  cartilage. 

The  larynx  is  depressed  as  far  as  possible,  while  the  root  of  the  tongue  is  approximated  to  the 
posterior  margin  of  the  palatine  arch. 

When  sounding  O,  the  mouth,  as  in  U,  is  like  a  wide-bellied  flask  with  a  short  neck,  but  the 
latter  is  shorter  and  wider  as  the  lips  are  nearer  to  the  teeth.  The  larynx  is  slightly  higher  than 
with  U,  while  the  resonance  chambers  also  are  shorter  (fig.  444). 

When  sounding  I,  the  cavity  of  the  mouth,  at  the  posterior  part,  is  in  the  form  of  a  small- 
bellied  flask  with  a  long  narrow  neck,  of  which  the  belly  has  the  fundamental  tone,  f,  the  neck 
that  of  d^^^.  The  resonating  chambers  are  shortest,  as  the  larynx  is  raised  as  much  as  possible, 
iw^hile  the  mouth,  owing  to  the  retraction  of  the  lips,  is  bounded  in  front  by  the  teeth.  The 
cavity  between  the  hard  palate  and  the  back  of  the  tongue  is  exceedingly  narrow,  there  being 
only  a  median  narrow  slit.  Hence,  the  air  can  only  enter  with  a  clear  piping  noise,  which  sets 
eren  the  vertex  of  the  skull  in  vibration,  and  when  the  ears  are  stopped  the  sounds  seem  very 
shrill.  When  the  larynx  is  depressed  and  the  lips  protruded,  as  for  sounding  U,  I  cannot  be 
soanded. 

When  sounding  E,  which  stands  next  to  I,  the  cavity  has  also  the  form  of  a  -flask  with  a 
small  belly  (fundamental  tone  f^),  and  with  a  long,  narrow  neck  (fundamental  tone,  h^^^).  The 
neck  is  wider,  so  that  it  does  not  give  rise  to  a  piping  noise.  The  larynx  is  slightly  lower  than 
Ibr  I,  but  not  so  high  as  for  A. 

Fundamentally,  there  are  only  three  primary  vowels — I,  A,  U,  the  others  and  the  so-called 
diphthongs  standing  between  them  {BrUcJke), 

Oiphthongs  occur  when,  during  vocalization,  we  pass  from  the  position  of 
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one  vowel  into  that  of  another.  Distinct  diphthongs  are  sounded  only  on 
passing  from  one  vowel  with  the  mouth  wide  open  to  one  with  the  mouth 
narrow;  during  the  converse  process,  the  vowels  appear  to  our  ear  to  be 
separate  {Briicke), 

II.  Timbre  or  Clang-Tint. — Besides  its  pitch,  every  vowel  has  a  special 
timbre,  quality,  or  clang-tint. 

The  vocal  timbre  of  U  (whisperiag)  has,  in  addition  to  its  fundamental  tone,  b,  a  deep  piping 
timbre.  The  timbre  depends  upon  tne  nmnber  and  pitch  of  the  partials  or  overtones  of  the 
vowel  sound  [\  415). 

Nasal  Timbre. — The  timbre  is  modified  in  a  special  manner  when  the  vowels  are  spoken 
with  a  *'  nasal  "  twang,  which  is  largely  the  case  in  the  French  language.  The  nasal  timbre  is 
produced  by  the  soft  palate  not  cutting  off  the  nasal  cavity  completely,  which  happens  every 
time  a  pure  vowel  is  sounded,  so  that  the  air  in  the  nasal  cavity  is  thrown  into  qrmpatbetic 
vibration.  When  a  vowel  is  spoken  with  a  nasal  timbre,  air  passes  out  of  the  nose  and  mooth 
simultaneously,  while,  with  a  pure  vowel  sound,  it  passes  out  only  through  the  mouth. 

When  sounding  a  pure  vowel  (non-nasal),  the  shutting  off  of  the  nasal  cavity  from  the  mouth 
is  so  complete,  that  it  requires  an  artificial  pressure  of  30  to  100  nmL  of  mercury  to  overcome  it 
i^Hartmann). 

The  vowels,  a,  &  (ae),  5  (oe),  o,  e,  are  used  with  a  nasal  timbre — a  nasal  i  does  not  occur  in 
any  language.  Certainly  it  is  very  difficult  to  sound  it  thus,  because  when  sounding  i  the  mouth 
is  so  narrow  that  when  the  passage  to  the  nose  is  open,  the  air  pMUses  almost  completely  through 
the  latter,  whilst  the  small  amount  passing  through  the  mouth  scarcely  suffices  to  produce  a 
sound. 

In  sounding  vowels,  we  must  observe  if  they  are  sounded  through  a  previously  closed  glottis, 
as  is  done  in  the  German  language  in  all  words  beginning  with  a  vowel  (spiritus  lenis).  The 
glottis,  however,  may  be  previously  opened  with  a  preliminary  breath,  followed  by  the  vowel 
sound ;  we  obtain  the  aspirate  vowel  (spuritus  asper  of  the  Greeks). 

B.  If  the  vowels  are  sounded  in  an  audible  tone,  i.  e,,  along  with  the  sound 
from  the  larynx,  the  fundamental  tone  of  the  vocal  cavity  strengthens  in  a 
characteristic  manner  the  corresponding  partial  tones  present  in  the  laryngeal 
sound  (  Wheatstone,  v,  Helmholtz). 

318.  CONSONANTS. — The  consonants  are  noises  which  are  produced 
at  certain  parts  of  the  resonance  chamber.  [As  their  name  denotes,  they  can 
only  be  sounded  in  conjunction  with  a  vowel.J 

Classification. — The  most  obvious  classification  is  according  to— (I)  Their  acousHe  proper- 
iies<t  so  that  they  are  divided  into — (i)  A'^t^  consonants,  1.^.,  such  as  are  appreciable  without  a 
vowel  (m,  n,  1,  r,  s) ;  (2)  mutesy  including  all  the  others,  which  cannot  be  distinctly  beard 
without  an  accompanying  vowel.  (II)  According  to  their  mechanism  of  formation^  as  well  as 
the  type  of  the  organ  of  speech,  by  which  they  are  produced.    They  are  divided  mto— 

1.  Explosives. — ^Their  enunciation  is  accompanied  by  a  kind  of  bursting  open  of  an  obstacle, 
or  an  explosion,  occasioned  by  the  confined  and  compressed  air  which  causes  a  stronger  or  weaker 
noise ;  or,  conversely,  the  current  of  air  is  suddenly  interrupted^  while,  at  the  same  time,  the 
nasal  cavities  are  cut  off  by  the  soft  palate. 

2.  Aspirates,  in  which  one  part  of  the  canal  is  constricted  or  stopped,  so  that  the  air  rashes 
out  through  the  constriction,  causing  a  faint  whistling  noise.  (The  nasal  cavity  is  cut  off.)  In 
uttering  L,  which  is  closely  related  to  the  aspirates,  but  differs  from  them  in  that  the  nairov 
passage  for  the  rush  of  air  is  not  in  the  middle,  but  at  both  sides  of  the  middle  of  the  closed  pait. 
(The  nasal  cavity  is  shut  off.)  • 

3.  Vibratives,  which  are  produced  by  air  being  forced  through  a  narrow  portion  of  the 
canal,  so  that  the  margins  of  the  narrow  tube  are  set  in  vibration.  (The  nasal  cavity  is 
shut  off.) 

4.  Resonants  (also  called  nasals  or  semi- vowels).  The  nasal  cavity  is  completely  free,  while 
the  vocal  canal  is  completely  closed  in  the  front  part  of  the  oral  channel.  According  to  the 
position  of  the  obstruction  in  the  oral  cavity,  the  air  in  a  larger  or  smaller  portion  of  the  nxxitb 
is  thrown  into  sympathetic  vibration. 

We  may  also  classify  them  according  to  iht  position  in  which  they  arc  produced 
— the  **  articulation  positions"  of  Brticke.    These  are  : — 

A.  Between  both  lips ;  B,  between  the  tongue  and  the  hard  palate ;  C,  be- 
tween the  tongue  and  the  soft  palate ;  D,  between  the  true  vocal  cords. 
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A.  Consonants  of  the  First  Articulation  Position, 

1.  Explosive  Labials. — b,  the  voice  is  sounded  before  the  slight  explosion  occurs;  p,  the 
voice  is  sounded  after  the  much  stronger  explosion  has  taken  place  iJCempelen),  [The  former 
b  spoken  of  as  **  voiced**  and  the  latter  as  "  breathed."] 

2.  Aspirate  Labials. — f,  between  the  upper  incisor  teeth  and  the  lower  lip  (labio-dental).  It 
is  absent  in  all  true  Slavic  words  {PurkifU) ;  v,  between  both  lips  Habial) ;  w  is  formed  when 
the  mouth  is  in  the  position  for  f,  but  instead  of  merely  forcing  in  tne  air,  the  voice  is  sounded 
at  the  same  time.  Really  there  are  two  different  w's— one  corresponding  to  the  labial  f,  as  in 
wiirde,  and  the  labio-dental,  e.g.^  quelle  {^BrUcke), 

3.  Vibrative  Labials. — The  burring  sound,  emitted  by  grooms,  but  not  used  in  civilized 
language. 

4.  Resonant  Labials. — m  is  formed  essentially  by  sounding  the  voice  whereby  the  air  in  the 
mouth  and  nose  is  thrown  into  sympathetic  vibration  ["voiced"]. 

B.  Consonants  of  the  Second  Articulation  Position, 

\\  The  explosives,  when  enunciated  sharply  and  without  the  voice,  are  T  hard  (also  dt  and 
th) ;  when  they  are  feeble  and  produced  along  with  simultaneous  laryngeal  sounds  (voice),  we 
have  D  soft. 

2.  The  aspirates  embrace  S,  including  s  sharp,  written  s  s  or  s  z,  which  is  produced  with> 
out  any  audible  laryngeal  vibration ;  or  soft,  which  requires  the  voice.  Then,  also,  there  are 
modifications  according  to  the  position  where  the  noises  are  produced.  The  sharp  aspirates 
include  Sch,  and  the  hard  English  Th ;  to  the  soft  belong  the  French  J  soft,  and  the  English 
Th  soft.  L,  which  occurs  in  many  modifications,  appears  here,  e,g.y  the  L  soft  of  the  French. 
L  may  be  sounded  soft  with  the  voice,  or  sharp  without  it. 

3.  The  vibrative,  or  R,  which  is  generally  voiced,  but  it  can  be  formed  without  the  larynx. 
The  resonants  are  N -sounds,  which  also  occur  in  several  modifications. 

C   Consonants  of  the  Third  Articulation  Position, 

1 .  The  explosives  are  the  K-sounds,  which  are  hard  and  breathed  and  not  voiced ;  Q-sounds, 
which  are  voiced. 

2.  The  aspirates,  when  hard  and  breathed  but  not  voiced,  the  Ch,  and  when  sounded  softly 
and  not  voiced,  J  is  formed. 

3.  The  vibrative  is  the  palatal  R,  which  is  produced  by  vibration  of  the  uvula  {^Brucke), 

4.  The  resonant  is  the  palatal  N. 

D.   Consonants  of  the  Fourth  Articulation  Position, 

1 .  An  explosive  sound  does  not  occur  when  the  glottis  is  forced  open,  if  a  vowel  is  loudly 
sounded  with  the  glottis  previously  closed.  If  this  occurs  during  whispering,  a  feeble  short 
noise,  due  to  the  sudden  opening  of  the  glottis,  may  be  heard. 

2.  The  aspirates  of  the  glottb  are  the  H-sounds,  which  are  produced  when  the  glottis  is 
moderatdy  wide. 

3.  A  glottis-vibrative  occurs  in  the  so-called  laryngeal  R  of  lower  Saxon  [Bri*cke\ 

4.  A  laryngeal  resonant  cannot  exist. 

The  combination  of  different  consonants  is  accomplished  by  the  successive  movements  neces- 
sary for  each  being  rapidly  executed.  Compound  consonants,  however,  are  such  as  are  formed 
when  the  oral  parts  are  adjusted  simultaneously  for  two  different  consonants,  so  that  a  mixed 
sound  is  formed  ft'om  two.     Examples :  Sch — tsch,  tz,  ts — Ps  (V') — Ks  (XS). 

319.  PATHOLOGICAL  VARIATIONS  OF  VOICE  AND  SPEECH.— Aphonia. 
— Paral]rsis  of  the  motor  nerves  (vaeus)  of  the  larynx  by  injury,  or  the  pressure  of  tumors,  causes 
aphonia  or  loss  of  voice  ( Gale^,  In  aneurism  of  the  aortic  arch,  the  left  recurrent  ner\'e 
may  be  paralyzed  from  pressure.  The  laryngeal  nerves  may  be  temporarily  paralyzed  by  rheu- 
matism, over-exertion  and  hysteria,  or  by  serous  effusions  into  the  laryngeal  muscles.  If  the 
tensors  are  paralyzed,  monotonia  is  the  chief  result ;  the  disturbances  of  respiration  in  paralysis 
of  the  larynx  are  important.  As  long  as  the  respiration  is  tranquil,  there  may  be  no  disturbance, 
but  as  soon  as  increased  respiration  occurs,  great  dyspnoea  sets  in,  owing  to  the  inability  of  the 
glottis  to  dilate. 

If  only  one  vocal  cord  is  paralyzed,  the  voice  becomes  impure  and  falsetto-like,  while  we 
may  feel  from  without  that  there  is  less  vibration  on  the  paralyzed  side  ( Gerhardt\  Sometimes 
the  vocal  cords  are  only  so  far  paralyzed  that  they  do  not  move  during  phonation,  but  do  so 
during  forced  respiration  and  during  coughing  (phonetic  paralysis). 

Diphthongia. — Incomplete  unilateral  paralysis  of  the  recurrent  nerve  is  sometimes  followed 
by  a  double  tone,  owing  to  the  unequal  tension  of  the  two  vocal  cords.  According  to  Tilrck 
and  Schnitzler,  however,  the  double  tone  occurs  when  the  two  vocal  cords  touch  at  some  part  of 


664  VOICE    AND   SPEECH.  [ScC  3I9. 

Ihdr  coune  {t'g;  ftom  the  pretence  of  a  lamor,  fig.  44S)>  *o  that  the  glottis  u  dinded  inn>  tn 
uDcquil  poTtton*.  each  of  which  prodacM  iu  own  «ound. 

Hoaraeness  is  caused  by  mucuB  upon  the  vocal  cotdi,  by  ronghnoa,  swdling,  or  Uxootif 

the  cords.     If,  while  ipesking,  (he  cords  are  approxi mated,  and  suddenly  toach  each  olbo,  ih 

''  speech  is  broken,"  owing  to  the'  fonnation  of  Dodal  poiie 

({  352),      DiMase  of  the  phuyni,  naso-ph ai jugeal  OtiD, 

and  avula  may  produce  a  change  in  the  voice  rt/ltjcfy. 

Paralysis  of  the  soft  palate  (ai  veil  as  congenital  pa. 
foTstion  or  deft  palate)  causes  a  nasal  timbrr  of  all  yomds. 
the  lormer  renders  difRcuh  the  oormal  formation  of  cood- 
nants  of  the  third  articulation  position;  resocanec  is  inpo- 
feet,  while  the  eiploiives  are  weak,  owii^  to  the  CKapeoi 
the  ail  through  the  nose. 

Paralysis  of  the  tongue  weakens  I ;  E  and  A  {JC\  n 

less  easily  pronounced,  while  the  formation  of  cansanaiii <i[ 

Fig.  445.  the  second  and  third  articulation  position  ia  ailccted.    Tk 

Turaors  on  the  vocsl  cords  causing   tem.  aphthongia  is  applied  to  a  condition  in  "hkb  ^ 

double  tone  from  the  l^ynx.  ^    'ttempt  to  speak  »  followed  by  spasmodic  movement,  of  lit 
'  tongue  {Flmry). 

In  paralysis  of  the  lips  [fatial  nenie),  and  in  hare-tip,  r«^rd  must  be  had  to  the  fbmuliiic 
of  consonants  of  the  first  articulation  position.  When  the  nose  is  closed,  the  speedi  has  achu- 
acteristic  sound.  The  normal  formation  of  resonanls  is  of  course  at  an  end.  After  eicisiaio! 
the  IsrTnx,  a  metal  reed,  enclosed  in  a  lube,  and  acting  like  an  aitlficiBl  larynx,  is  introdoccii 
between  the  trachea  and  the  cavity  of  the  mouth  {^Ctemy). 

Stammering  is  a  dinnrbance  of  the  formation  of  sounds.  [Stammeiing  is  due  to  lonj-oii' 
tinued  ipasmodic  contraction  of  the  diaphragm,  ju&t  as  biccougn  is  (J  izo),  and,  therefbte,  it  s 
euentjally  a  spasmodic  inspiration.  As  speech  depends  upon  the  expiratory  blast,  the  q>tai 
prevents  expiration.  It  may  be  brought  about  by  mental  excitement  or  emotiooa]  coadiliooi 
Hence,  the  treatment  of  stammering  is  to  r^ulate  the  respirations.  In  stuttering,  wbckii 
defective  speech  due  to  inability  to  form  the  proper  sounds,  the  breathing  is  Dormal.] 

3ao.  COMPARATIVE— HISTORICAL.— Speech  maybe  classified  whh  the  "eiives- 
sion  of  the  emotions"  {Darwin).  Psychical  excitement  causes  in  man  characteristic mMe- 
ments,  in  which  cettaJo  groups  of  muscles  ore  always  concerned,  e.g.,  laughing,  weeping.^ 
facial  expression  in  anger,  pain,  shame,  etc.  These  movements  aRbrd  a  means  vhoebycv 
creature  can  communicate  with  another.  Primarily  iu  their  origin,  the  movements  of  express 
are  rtjitx  motor  phenomena ;  when  they  are  produced  for  purposes  of  explanation,  ibey  ui 
voluntary  imitations  of  this  reHex.  Besides  the  emotional  movements,  imprcssicns  npoa  ii( 
sense'Organs  produce  characteristic  reHex  movements,  which  may  be  used  lot  purposes  cf  Q- 
presiion  {Gciger),  t.g.,  stroking  or  painful  stimulation  of  the  skin,  movements  after  BBetlkE 
pleasant  or  unpleasant  or  disagreeable  odors,  the  action  al  sound  and  light,  and  the  pc 
all  kinds  of  objects. 

The  expression  of  the  emotions  occurs  in  its  simplest  form  in  what  is  known  ai 
means  of  signs  or  pantomime  or  mimicry.  Another  means  is  the  Imitation  of  sound*  ^ 
the  organ  of  speech,  constituting  onamatopotsy,  e.g.,  the  hissing  of  a  stream,  ibe  roll  d'tbante, 
the  tumultof  astorm,  whistling,  etc.  The  expression  of  speech  is,  of  coarse,  dependent  npaatkt 
process  of  ideation  and  perception 

The  Bccurrmce  of  difftrent  sounds  in  different  languages  is  very  interesting.  Some  btnCBagts 
(i.g;  of  the  Hurons]  liave  no  labials ;  in  some  South  Sea  Islands  no  laryngeal  soonds  iR 
spoken  1  /  is  absent  in  Sanscrit  and  Finnish ;  the  short  e,  a,  and  the  soft  sitalants  in  Sanscrit: 
d,  in  Chinese  and  Mexican;  i,  in  many  Polynesian  lanauHges;  r,  in  Chinese,  etc 

Voice  in  Animals. — Animals,  more  especially  the  higher  forms,  can  express  their  emctiicii 
by  focial  and  other  gestures.    The  vocal  organs  of  mammals  are  essentially  the  same  as  Ibca   < 
of  man.     Special  risename  argans  occur  in  the  orang-outang,  mandril,  macaeus,  ind  myctfB 
monkeys,  in  the  form  of  large  cheek  pouches,  which  can  be  inflated  with  air,  and  <^ien  beiwett 
the  larynx  and  the  hy<nd  bone.  1 

Birds  have  an  upper  (laryni)  and  a  tower  larynx  (syrinx);  the  latter  is  placed  at  tic   | 
iMfurcalion  of  the  tracnea,  and  is  the  true  vocal  organ.     Two  folds  of  mucous  menibfane  (th^f 
in  singing  birds)  project  into  each  bronchus,  and  are  rendered  lense  by  musdet,  and  are  th=- 
adapted  to  serve  for  the  production  of  voice. 

Amongst  reptiles,  the  tortoise  produces  merely  a  sniffing  sound,  which  in  the  Eni>-*  has  1 
peculiar  piping  character.  The  blind  snakes  ore  voiceless,  the  chameleon  and  the  tiiuds  have  i 
very  (eeble  voice ;  the  cayman  and  crocodile  emit  a  feeble  roaring  sound,  which  is  lost  in  pvbi 
adults  owing  to  changes  in  the  larynx.  The  snaies  have  no  special  vocal  organs,  but  by  (vCE^ 
out  air  from  their  capacious  lung,  they  make  a  peculiar  hissing  sound,  which  in  shik  speoet  > 
lond.     Amongst  amphibians,  the  frog  has  a  larynx  provided  with  muscles.    Thesomd  eaiiitr^ 
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withoat  any  muscular  action  is  a  deep  intermittent  tone,  while  more  forcible  expiration,  with 
contraction  of  the  laryngeal  constrictors,  causes  a  clearer  continuous  sound.  The  male,  in  Rana 
esculenta,  has  at  each  side  of  the  angle  of  the  mouth  a  sound-bag,  which  can  be  inflated  with 
air  and  acts  as  a  resonance  chamber.  The  "  croaking  "  of  the  male  frog  is  quite  characteristic. 
In  Pi|>a,  the  larynx  is  provided  with  two  cartilaginous  rods,  which  are  thrown  into  vibration  by 
the  blast  of  air,  and  act  like  vibrating  rods  or  the  limbs  of  a  tuning-fork.  Some  fishes  emit 
sounds,  either  by  rubbing  together  the  upper  and  lower  pharyngeal  bones,  or  by  the  expulsion  of 
air  from  the  swimming  bladder,  mouth,  or  anus. 

Some  insects  cause  sounds  partly  by  forcing  the  expired  air  through  their  stigmata  provided 
wtih  muscular  reeds,  which  are  thus  thrown  into  vibration  (t>ees  and  many  diptera).  The  wings, 
owing  to  the  rapid  contraction  of  their  muscles,  may  also  cause  sounds  (flies,  cockroach,  bees). 
The  Sphinx  atropos  (death  head  moth)  forces  air  from  its  sucking  stomach.  In  others,  sounds 
are  produced  by  rubbing  their  legs  on  the  wing  cases  (AcridiumT,  or  the  wing-cases  on  each 
other  (Gryllus,  locust),  or  on  the  thorax  (Cerambyx),  on  the  leg  (Geotrupes),  on  the  abdomen  or 
the  margin  of  the  wing  (Necrophorus).  In  Cicadadae,  membranes  are  pulled  upon  by  muscles, 
and  are  thus  caused  to  vibrate.  Friction  sounds  are  produced  between  the  cephalo-thorax  and 
the  abdomen  in  some  spiders  (Theridium),  and  in  some  crabs  (Palinurus).  Some  mollusca 
(  Pecten)  emit  a  sound  on  separating  their  shells. 

Historical. — The  Hippocratic  School  was  aware  of  the  fact  that  division  of  the  trachea 
abolished  the  voice,  and  that  the  epiglottis  prevented  the  entrance  of  food  into  the  larynx. 
Aristotle  made  numerous  observations  on  the  voice  of  animals.  The  true  cause  of  the  voice 
escaped  him  as  well  as  Galen.  Galen  observed  complete  loss  of  voice  after  double  pneumo- 
thorax, after  section  of  the  intercostal  muscles  or  their  nerves,  as  well  as  after  destruction  of 
part  of  the  spinal  cord,  even  although  the  diaphragm  still  contracted.  He  gave  the  cartilages 
of  the  larynx  the  names  that  still  distinguish  them ;  he  knew  some  of  the  laryngeal  muscles, 
and  asserted  that  voice  was  produced  only  when  the  glottis  was  narrowed.  He  compared  the 
larynx  to  a  flute.  The  weakening  of  the  voice,  in  feeble  conditions,  especially  after  loss  of 
blood,  was  known  to  the  ancients.  Dodart  (1700)  was  the  first  to  explain  voice  as  due  to  the 
vibration  of  the  vocal  cords  by  the  air  [wssing  between  them. 

The  production  of  vocal  sounds  attracted  much  attention  amongst  the  ancient  Asiatics  and 
Arabians — less  amongst  the  Greeks.  Pietro  Ponce  (f  1584)  was  the  first  to  advocate  instruc- 
tion in  the  art  of  speaking  in  cases  of  dumbness.  Bacon  (1638)  studied  the  shape  of  the  mouth 
for  the  pronunciation  of  the  various  sounds.  Kratzenstein  (1781)  made  an  artificial  apparatus 
for  the  production  of  vowel  sounds,  by  placing  resonators  of  various  forms  over  vibrating  reeds. 
Von  Kempelen  (1769  to  1791)  constructed  the  first  speaking-machine.  Rob.  Willis  (1828) 
found  that  an  elastic  vibrating  spring  gives  the  vowels  in  the  series — U,  O,  A,  £,  I — according 
to  the  depth  or  height  of  its  tone ;  fmther,  that  by  lengthening  or  shortening  an  artificial  resonator 
on  an  artificial  vocal  apparatus,  the  vowels  may  be  obtained  in  the  same  series.  The  newest 
and  most  important  investigations  on  speech  are  by  Wheatstone,  v.  Helmholtz,  Donders,  Briicke, 
etc.,  and  are  mentioned  in  the  context.  Hensen  succeeded  in  showing  exactly  the  pitch  of 
vocal  tone,  thus :  The  tone  is  sung  against  a  K5nig*s  capsule  with  a  gas  flame.  Opposite  the 
flame  is  placed  a  tuning«fork  vibrating  horizontally,  and  in  front  of  one  of  its  limbs  is  a  mirror, 
in  which  the  image  of  the  flame  is  reflected.  When  the  vocal  tone  is  of  the  same  number  of 
vibrations  as  the  tuning-fork,  the  flame  in  the  mirror  shows  one  elevation,  if  double,  f.  e.,  the 
octave,  2,  and  with  the  double  octave,  4  elevations. 
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321.  STRUCTURE  OF  THE  NERVE  ELEMENTS.-The 
nervous  elements  present  two  distinct  forms : — 

I.  Nerv-Fibr...   {  ^S^T"-  "•  N.rv..C.....  {  <^ZZ£Z 

An  aggregation  of  nerve-cells  constitutes  a  nerve-ganglion.  The  fibres 
represent  a  conducting  apparatus,  and  serve  to  place  the  central  nervoos 
organs  in  connection  with  peripheral  end-organs.  The  nerve-cells,  however, 
besides  transmitting  impulses,  act  as  physiological  centres  for  automatic  or 
reflex  movements,  and  also  for  the  sensory,  perceptive,  trophic,  and  secretory 
functions. 

I.  (i)  The  non-meduUated  nerve-fibres  occur  chiefly  in  the  sympathetic 
nervous  system,  although  they  are  not  confined  to  it ;  hence  they  are  sometime 
called  sympathetic  nerve-fibres.     They  occur  in  several  forms  : — 

.1.  Primitive  Fibrils. — The  simplest  form  of  nerve-fibre,  which  is  visible 
with  a  magnifying  power  of  500  to  800  diameters  linear,  consists  of  primitive 
nerve-fibrils.  They  are  very  delicate  fibres  (fig.  446,  i),  often  with  small 
varicose  swellings  here  and  there  in  their  course,  which,  however,  are  due  to 
changes  posi-morietn.  They  are  stained  of  a  brown  or  purplish  color  by  the 
gold-chloride  method,  and  they  occur  when  a  nerve-fibre  is  near  its  terminatioDt 
being -formed  by  the  splitting  up  of  the  axis-cylinder  of  the  nerve-fibre,  ^/.t 
in  the  terminations  of  the  corneal  nerves,  the  optic  nerve-layer  in  the  retina, 
the  terminations  of  the  olfactory  fibres,  and  in  a  plexiform  arrangement  ic 
non-striped  muscle  (p.  586).  Similar  fine  fibrils  occur  in  the  gray  matter  of 
the  brain  and  spinal  cord,  and  in  the  finely  divided  processes  of  nerve-cells. 

3.  Naked  or  simple  axial  cylinders  (fig.  446,  2),  which  represent  to- 
dies of  primitive  fibrils  held  together  by  a  slightly  granular  cement,  so  that 
they  exhibit  very  delicate  longitudinal  striation  with  fine  granules  scattered  io 
their  course.  The  best  example  is  the  axial  cylinder  process  of  nerve-cells  (fig 
446,  I,  z).  [The  thickness  of  the  axis-cylinder  depends  upon  the  number  of 
fibrils  entering  into  its  composition.] 

3.  Axis-cylinders  surroundedf  with  Schwann's  sheath,  or  Remak's 
fibres  (3.8  to  6.8  ^  broad),  the  latter  name  being  given  to  them  from  tto 
discoverer  (fig.  446,  3).  [These  fibres  are  also  called  pale  or  non-medal- 
lated,  and  from  their  abundance  in  the  sympathetic  nervous  system,  sympa- 
thetic] They  consist  of  a  sheath,  corresponding  to  Schwann's  sheath  [neuri- 
lemma, or  primitive  sheath,  which  encloses  an  axial  cylinder ;  while  lying  hcit 
and  there  under  the  sheath,  and  between  it  and  the  axial  cylinder  are  ncnt- 
corpuscles.  These  fibres  are  always  fibrillated  longitudinally.]  The  sheath 
is  delicate,  structureless,  and  elastic.  Dilute  acids  clear  the  fibres  withoo: 
causing  them  to  swell  up,  while  gold  chloride  makes  them  brownish-red.  Tbej 
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are  videly  distributed  in  the  sympathetic  nerves  [*.  ^.,  splenic],  and  in  the 
branches  of  the  olfactory  nerves.  All  nerves  in  the  embryo,  as  well  as  the 
nerves  of  many  invcrtebrata,  are  of  this  kind.     [According  to  Ranvier,  these 


Fig.  446. 

I,  Piimitiire  Rbrilbe;  Z,  ixts-cylind^ ;  3,  Remak's  fibres;  4,  medullaled  Tiricose  libre ;  5,6, 
mcdullated  fibre,  with  Schwina's  shealh;  r,  □eurilemma ;  /. /,  Ranvier's  nodes;  b,  white 
substance  of  Schwann;  d.  Cells  of  Ihe  endoneurium ;  a,  axis-cylinder;  x,  myelin  drops; 
7,  traniverse  iedion  of  netve-libre* ;  8,  nerve-fibre  acted  on  with  silver  niliale  and  showing 
FrommiiDD's  lino.  I,  mu I dpolar  nerve-cell  from  the  spinal  cord  ;  i,  axial  cylinder  process  ; 
jl,  protoplasmic  proceues — to  the  right  of  it  a  bipolar  cell.  II,  peripheral  ganglionic  cell, 
with  a  cooneciive-tiuue  capnile.     Ill,  ganglionic  celt,  with  0,  a  spiral,  and  r,  straight  pro- 

Hbrcs  do  not  possess  a  sheath,  but  the  nuclei  are  merely  applied  to  the  surface, 
or  slightly  embedded  in  the  superficial  parts  of  the  fibre,  so  that  they  belong  to 
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the  fibre  itself.     These  fibres  also  branch  and  form  an  anastomosing  network  in 

the  course  of  a  nerve  (fig.  447).     This  the  medullated 

fibres  never  do.     These  fibres,  when  acted  on  by  silver 

nitrate,  never  show  any  crosses.     The  branched  forms 

occur  in  the  ordinary  nerves  of  distribution,  and  they 

are  numerous  in  the  vagus,  but  the  olfactory  nerves  have 

a  distinct  sheath  which  is  nucleated.] 

(2)     Medullated    fibres    occur    also    in    several 
forms : — 

4.  Axis-cylinders,  or  nerve-fibrils,  covered  only        ^".^^  NmUof 
by   a  medullary    sheath,    or  white    substance  of 
Schwann,    are    met   with    in    the         A 
white  and  gray  matter  of  the  cen- 
tral nervous  system,  in  the  optic 
and  auditory  nerves.     These  me- 
dullaUd  nerve-fibres,   without  any 
neurilemma,  often  show  after  death    i 
varicose  swellings  in  their  course  f 
[due  to  the  accumulation  of  fluid  I 
between    the   medulla   of    myelin  K 
and    the    axis-cylinder].      Hence  \ 
they  are  called  varicose  fibres.    1  | 

[The  varicose  appearance  is  easily    '  | 

produced    by   st^ueezing   a    small  * 

piece  of  the  white  matter  of  the  -3 

spinal  cord  between  a  slide  and  a 
cover-glass.  These  fibres  form  the 
white  matter  of  the  spinal  cord 
and  brain,  and  it  was  formerly 
stated  that  nitrate  of  silver  did  not 
reveal  any  crosses,  and  that  there 
are  no  nodes  of  Ranvier.  Recent 
researches,  however,  have  shown 
that  these  fibres  of  the  cord  are 
provided  with  Ranvier's  nodes  and 


Fig,  447.  f 'g-  448.  Fig.  449. 

Fig.  447. — Transverse  section  of  the  nerre-fibrei  of  the  spinal  cord,  the  axii-cjtindere  like  doB 
surroanded  by  a  clear  space  (myelin).  Fig.  44S. — Remak's  Rbre  from  vagus  of  doe-  ^• 
fibrils;  H,  nucleus;  /,  proloplosm  siuronnding  it.  Fig.  449,— Scheme  of  a  medaUateil 
nerve-fibre  of  a  rabbit  acted  on  by  oamic  acid  ;  the  inciiures  are  omitted,     x  4O0- 

also  with  incisures.  When  acted  upon  by  coagulating  reagents,  e.  g.,  chromic 
acid,  the  medullary  sheath  appearslaminated,  so  that  on  transverse  section,  when 
the  axis-cylinder  is  stained,  it  is  surrounded  by  concentric  circle  (fig.  447)- 
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5.  MeduUated  Nerve-Fibres  with  Schwann's  Sheath  (fig.  446,  5, 
6). — These  are  the  most  complex  nerve-fibres,  and  are  10  to  22.6  fx  [yy^^nr  *^ 
■^■^  inch]  broad.  They  are  most  numerous  in,  and  in  fact  they  make  up  the 
great  mass  of,  the  cerebro-spinal  nerves,  although  they  are  also  present  in  the 
sympathetic  nerves.  [When  examined  in  the  fresh  and  living  condition  in  situ, 
they  appear  refractive  and  homogeneous  {Ranvier,  Stirling) ;  but  if  acted  upon 
by  reagents,  they  are  not  only  refractive,  but  exhibit  a  double  contour,  the 
margins  being  dark  and  well  defined.]     Each  fibre  consists  of — 

[i.  Schwann's  sheath,  neurilemma,  or  primitive  sheath  ; 
3.  White  substance  of  Schwann,  medullary  sheath,  or  myelin  \ 

3.  Axis-cylinder  composed  of  fibriLs  and  surrounded  by  a  sheath  called 

the  axilemma ; 

4.  Nerve-corpuscles.] 

A.  The  axis- cylinder,  which  occupies  ^  to  -J-  of  the  breadth  of  the  fibre, 
is  the  essential  part  of  the  nerve,  and  lies  in  the  centre  of  the  fibre  like  the 
wick  in  the  centre  of  a  candle  (fig.  446,  6,  a).  Its  usual  shape  is  cylindrical,  but 
sometimes  it  is  flattened  or  placed  eccentrfcally — [this  is  most  probably  due  to 
the  hardening  process  employed].  It  is  composed  of  fibrils  [united  by  cement 
or  stroma;  they  become  more  obvious  near  the  terminations  of  the  nerve,  or 
after  the  action  of  reagents,  which  sometimes  cause  the  fibrils  to  appear  beaded. 
It  is  quite  transparent,  and  stains  deeply  with  carmine  or  logwood],  while 
during  life  its  consistence  is  semi-fluid.  According  to  Kupffer,  a  fluid — 
**  ncuro-plasma " — lies  between  the  fibrils  [while,  according  to  other 
observers,  the  whole  cylinder  is  enclosed  in  an  elastic  sheath  peculiar  to  itself 
and  composed  of  neuro-keratin.  This  sheath  is  called  by  Kiihne  the  axi- 
lemma. Each  axis-cylinder  is  an  enormously  long  process  of  a  ganglionic 
cell].  Chloroform  and  collodion  render  it  visible,  while  it  is  most  easily 
isolated  as  a  solid  rod  by  the  action  of  nitric  acid  with  excess  of  potassium 
chlorate. 

Frommann's  Lines. — When  acted  on  by  silver  nitrate,  Frommann 
observed  transverse  markings  on  the  axis-cylinder,  but  their  significance  is  un- 
known (fig.  446,  8).  [These  markings  consist  of  alternate  darker  and  lighter 
narrow  transverse  bars  on  the  axis-cylinder,  and  are  seen  when  a  nerve  is 
steeped  for  a  long  time  in  silver  nitrate.  They  are  readily  made  visible  in  this 
way  in  the  nerve- fibres  of  the  spinal  cord,  and,  indeed,  in  the  nerve-cells  of 
the  cord.] 

B.  The  white  substance  of  Schwann,  medullary  sheath  or  myelin, 
surrounds  the  axis-cylinder,- like  an  insulating  medium  around  a  telegraph  wire. 
In  the  perfectly  fresh  condition  it  is  quite  homogeneous,  highly  glistening, 
bright,  and  refractive;  its  consistence  is  semi-fluid,  so  that  it  oozes  out  of  the 
cut  ends  of  the  fibres  in  spherical  drops  (fig.  446,  x)y  [myelin  drops,  which 
are  always  marked  by  concentric  lines,  are  highly  refractive,  and  best  seen 
when  a  fresh  nerve  is  teased  in  salt  solution].  After  death,  or  after  the  action 
of  reagents,  it  shrinks  slightly  from  the  sheath,  so  that  the  fibres  have  a  double 
contour,  while  the  substance  itself  breaks  up  into  smaller  or  larger  droplets, 
due  not  to  coagulation  {Fertik),  but,  according  to  Toldi,  to  a  process  like 
emulsification,  the  drops  pressing  against  each  other.  Thus,  the  fii>re  is  broken 
up  into  masses,  so  that  it  has  a  characteristic  appearance  (fig.  446,  6).  It 
contains  a  large  amount  of  cerebrin  and  lecithin,  which  swell  up  to  form  myelin- 
like  forms  in  warm  water.  It  also  contains  fatty  matter,  so  that  these  fibres 
are  blackened  by  osmic  acid,  [while  boiling  ether  extracts  cholesterin  from 
them].  Chloroform,  ether,  and  benzin,  by  dissolving  the  fatty  and  some 
other  constituents  of  the  fibres,  make  them  very  transparent.  [Some  observers 
describe  a  fluid  lying  between  the  medulla  and  the  axis-cylinder.] 
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C.  The  Sheath  of  Schwann,  or  the  neurilemma,  lies  immediatel}- out- 
side of  and  invests  the  white  sheath  (fig.  446,6,  £'),and  is  a  delicate  structureless 
membrane,  comparable  to  the  sarcolemma  of  a  muscular  fibre. 

D.  Nerve-Corpuscles. — At  fairly  wide  intervals  under  the  neurilemma, 
and  lying  in  depressions  between  it  and  the  medullary  sheath,  are  the  nucleated 
nerve-corpuscles,  which  are  readily  stained  by  pig- 
ments (fig.  449).  [They  may  be  compared  to  the 
muscle-corpuscles,  the  nuclei  being  surrounded  by  a 
small  amount  of  protoplasm  which  sometimes  contains 
pigment.  They  are  not  so  numerous  as  in  muscle.] 
[Adamkiewicz  describes  nerve-corpuscles,  or  "  demi- 
lunes" under  the  neurilemma,  quite  distinct  from 
the  ordinary  nerve -corpuscles.  They  are  stained  yel- 
low by  saffranin,  while  the  ordinary  nerve-corpuscles 
are  stained  by  raelhyl-anilin.] 

Ranvier'8  Nodes  or  Constrictions. — The  neu- 
rilemma forms  in  broad  fibres  at  longer,  and  in  nar- 
rower ones  at  shorter  intervals,  the  nodes  or  con- 
strictions of  Ranvier  (fig.  446,  6,  t,  I ;    fig.  449 ; 
fig.  450,/j).     They  are  constrictions  which  occur  at 
regular    intervals   along  a  n erve- fibre ;    at  them   the 
white  substance  of  Schwann  is  interrupted,  so  that  the 
sheath  of  Schwann  lies  upon  the  axis-cylinder  [or  its 
elastic  sheath]  at  the  nodes.    The  part 
of  the  nerve  lying  between  any  two 
nodes  is  called  an  interannular  or 
inter-nodal    segment,   and   each 
such  segment  contains  one  or  more 
nuclei,  so  that  some  observers  look 
upon  the  whole  segment  as  equivalent 
to  one  cell. 

The  function  of   the    nodes 
seems  to  be  to  permit  the  difl'itsion 
,  of  plasma  through  the  outer  sheath 

I  into  the  axis- cylinder,  while  the  de- 
composition-products   are    similarly' 
given   off.     [A  coloring-matter  like 
picro-carmine  diffuses  into  the  fibre 
only  at   the   nodes,  and   stains    the 
axis-cylinder   red,  although  it   does 
not  diffuse  readily  through  the  white 
substance  of  Schwann,] 

Incisures  (of  Schmidt  and  Lan- 
te rman n ) .  — Eac h   interannular   seg- 
ment  in  a  stretched  nerve  shows,  run- 
Fig.  450.        ning  across   the  white  substance,  a 
Medullttted   number  of  oblique  lines,  which  are 
nerve  ■  fibres  called  incisures   (figs.  450,  451).     5„n„  „  ,n, 
blackened    by   q^gy    indicate   that   the  segment   is     nucleas;     r,     r,    RuiTkr 
R  a'n^v'i  e  r^s   ^"'''  "^P  °^  *  series  of   conical   sec-     tuAes  where  the  medulbn 
node-    scA    tions,  each   of  which  is  bevelled  at     =^*''''  ."    imcmipicd   usJ 
Schwann's  its  ends,  and  the  bevels  are  arranged     '.''<!  .";s'^yl"'drT"™i5, 
...  .  ...  ,  °  i>  ',  incisures  of  hcimuaL 

aheatb.  m  an  imbricate  manner,  the  one  over 

the  other,  while  the  slight  interval  between  them   appears    as   an    incisure. 
Each  such  section  of  the  white  matter  is  called  a  cylinder  cone  {Kuhnt). 


Fig.  451, 
Mednllated  aerre-ELrcs  ( vilb 

osmicacid).  a,  aiis-cjlhidcr ; 
!,  ^eaih  of  SchvuDi  j>. 
nucleus ;  p,  p,  gnaolai  nt~ 
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Neuro-Keratin  Sheath. — According  to  Ewald  and  Kfihne,  the  axis- 
cylinder,  as  well  as  the  white  substance  of  Schwann,  is  covered  with  an  exces- 
sively delicate  sheath,  consisting  of  neuro-keratin,  and  the  two  sheaths  are 
connected  by  oumerous  transverse  and  oblique  fibrils,  which  permeate  the  white 
substance.     [The  myelin  seems  to  lie  in  the  interstices  of  this  meshwork.] 

[Rod-like  Structures  in  Myelin. — If  a  nerve  be  hardened  in  ammonium 
chrpmaU  {i^i picric  acid),  M'Carthy  has  shown  that  the  myelin  exhibits  rod-like 
structures  radiating  from  the  axis-cylinder  outwards,  which  are  stained  with  log- 
wood and  carmine.  The  rods  are  probably  not  distinct  from  each  other,  but 
are  perhaps  part  of  the  neuro-keratin  network  already  described.] 

Action  of  Nitrate  of  Silver, — When  asmall  nerve,  e.g.,  the  intercostal 
nerve  of  a  mouse,  is  acted  on  by  silver  nitrate,  it  is  seen  to  be  covered  by  an 
endothelial  sheath  composed  of  flattened  endothelial  cells  (fig.  452),  while  the 
nerve-fibres  themselves  exhibit  crosses  along  their 
course.    These  crosses  are  due  to  the  penetration  of 
the  silver  solution  at  the  nodes,  where  it  stains  the 
cement-substance  and  also  part  of  the  axis-cylinder, 
so  that  the  latter  sometimes  exhibits  transverse  mark- 
ings called  Frotnmann's  lines  (fig.  446,  8).] 

[New  Methods. — Much  progress  has  recently 
been    made   iti    tracing   the   course  of.  medullated 
nerve-fibres  by  the  action  of  new  staining  reagents; 
thus  acid  fuchsin  stains  the  myelin  deeply,  leaving 
the  other  parts  unstained;   at  least,  it  can  be  so 
manipulated  as  to  yield  this   result.     Weigert's 
Method  and  its  modifications  have  yielded  most 
important    results,    and    proved    that    medullated 
nerve-fibres   exist   in    many   parts   of  the   central 
nervous  system  where  they  cannot  be  seen  in  the 
ordinary  way.     The  nerve-tissue  is  hardened   in  a 
solution  of  a  chromium  salt,  and  placed  in  a  half- 
saturated   solution   of  cupric  acetate ;    it   is  then  Fig.  ^^2. 
stained  with  logwood,  and  afterwards  the  elements  inteicoitat   nave  of  &  mouse 
are  differentiated  by  steeping  the  sections  in  a  solu-      (single   fasciculus  of  nerre- 
tion   of  ferricyanide  of  potash  and   borax.     The     fibres)    siained   wiih    ^Ivcr 
myelin  is  colored  a  logwood  tint,]                                     a\ut.\.t      Eodoihelial    sheuh 
'                                        o                     J                                         stained,  and  some   nodes  of 
In  the  sfrinal  neivea,  ihose  fibres  are  thickest  which  have       RaaTier  indicated  by  crosses. 
the  longest  course  before  they  reach  their  end-organ  (ScAwalbe), 
nhile  those  ganglion -cells  are  largest  which  aend  out  the  longest  m 
finds  that  the  longest  nerves  are  not  oecessarily  the  thickest,  for    ' 
are  small  nerves,  and  yet  run  a  very  long  course.] 

Division  of  Nerves.— Medullated  nerve-fibres  run  in  the  nerve-trunks 
without  dividing;  but  when  they  approach  their  termination  they  often  divide 
dichotomously  [at  a  node],  giving  rise  to  two  similar  fibres,  but  there  may  be 
several  branches  at  a  node  (lig.  454,  /).  [The  divisions  are  numerous  in  motor 
nerves  to  striped  mtiscles.]  In  the  electrical  nerves  of  the  malaptcrurus  and 
gymnotus,  there  is  a  great  accumulation  of  Schwann's  sheaths  round  a  nerve, 
so  that  a  nerve-fibre  is  as  thick  as  a  sewing-needle.  Such  a  fibre,  when  it 
divides,  breaks  up  into  a  bundle  of  smaller  fibres. 

[Nerve-Sheaths. — A  nerve-trunk  consists  of  bundles,  or  fasciculi,  of 
nerve-fibres.  The  bundles  are  held  together  by  a  common  connective-tissue 
sheath  (fig.  453,  ep),  the  epineurium  [sometimes  called  the  perineurium  ex- 
ternum, general  perineurium,  or  in  the  older  writers  neurilemma],  which  con- 
tains the  larger  blood-vessels,  lymphatics,  and  sometimes  fat  and  plasma  cells. 


6/2  NERVE-SHEATHS.  [ScC  311. 

Each  bundle  is  surrounded  with  its  own  sheath  or  perineurium  (Ji),  whicb 
consists  or  lamellated  connective-tissue  disposed  circularly,  and  betn-etn  ibe 
lamellic  are  lymph-spaces  lined  by  flattened  endothelial  plates.  These  lymph- 
spaces  may  be  injected  from  and  communicate  with  the  lymphatics  {Keji^i 
Jietiius).'^  The  nerve-fibres  within  any  bundle  are  held  together  by  dditatt 
connective- tissue,  which  penetrates  between  the  adjoining  fibres,  consiitnting 
the  endoneurium  (fi/).  It  consists  of  delicate  fibres  with  branched  codbk- 
tive-tissue  corpuscles  (fig.  446,  6,  d),  and  in  it  lie  the  capillaries,  which  are  not 
very  numerous,  and  are  arranged  to  forra  elongated  open  meshes. 

[Henle'a  Sbealh. — When  a  nerrc  is  baced  (oiu  distribution,  it  branches  and  becona  auBs. 
nntil  it  may  consist  only  of  ■  few  bundles  or  eveo  *  single  bundle  of  nerre-fibres.  As  Itt  bmidk 
branches,  it  hu  to  give  off  put  of  ils  lamelialed  sbealh  or  perincunum  lo  each  bnnch,  so  tint. 
as  we  pass  to  the  periphery,  ihe  smaller  bundles  are  surrounded  by  few  iBmellx'.  Id  >  biinllc 
coaUining  only  a  few  fibres,  this  sheatb  may  be  mach  reduced,  or  may  consist  onlyof  llis. 
flattened,  connective-tiuue  corpuscles  with  a  few  fibres.  A  sheath  sunxnindioE  a  few  Mne.«licci 
is  called  Henl/s  Sktath  by  Raniier,] 


Fig-  453- 
Tranl.  section  of  a  nerve  (median),    rp,  epinenrinm;  pt,  perinemium;  fJ,  eadoDesnin. 

[NcTvi  Nervorum. — Marshall  and  V.  Honley  have  shown  that  the  nerve- sheaths  utjn- 
vided  with  special  nerve-fibces,  io  virlaeof  which  they  are  endowed  with  sensibility.] 

Development  of  Nerve-Fibret. — At  first  nerve-fibres  coosijt  only  of  fibrils,  i.(.,  of  u& 
cylinders,  which  become  covered  with  connective  substance,  and  ultimately  the  white  sotaurE 
of  Schwann  is  developed  in  some  of  them.  The  growth  in  length  of  the  fibies  takes  place  .T 
elongation  of  (he  individual  "  interannular  "  segments,  and  also  by  the  new  fonnatioo  of  tbc 
{Vignai).  [Medullaled  nerve-fibres  are  derived  from  (he  epiblBBt.  The  axis-cylindosof lli» 
of  the  Btiterior  root  grow  from,  and  are  in  reality,  the  axis- cylinders  of  nerve-cells — nCe: 
neuroblasts  in  their  early  stage.  The  fibres  of  the  posterior  root  of  a  spinal-nerve  gmv  f[w 
the  nerve-cells  or  neuroblasts  of  the  rudiment  of  the  spinal  ganglion.  The  aiii-cjliader  pioctan 
which  ultimately  form  the  fibres  of  the  anterior  roots,  appear  s&xiaX  the  foiirtb  week  ofik 
human  foetus.  They  grow  slowly  and  do  not  reach  the  tips  of  the  toes  or  fingers  until  afis  ix 
second  month  (/A'j).] 

II.  Ganglionic  or  Nerve-Cells  [vary  much  in  size  and  general  chaiacttR- 
They  may  have  one  pole,  when  they  are  unipolar  (spinal  ganglion  cells);  0: 
two  poles — bipolar  (spinal  ganglion  cells  of  fishes) ;  or  many  poles,  wheo  iber 
are  multipolar  (cells  of  the  spinal  cord).] — i.  Multipolar  nerve-cells 
(fig.  446,  I)  occur  partly  as  large  cells  (100  /i),  and  are  visible  10  the  uniidK 
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eye,  as  in  the  anterior  hom  of  the  spinal  cord,  and  in  a  different  form  in  the 
cerebellum,  and  p&rtly  in  a  smaller  form  (10  to  to  ft)  in  the  posterior  horns  of 
the  spinal  cord,  many  parts  of  the  cerebrum  and  cerebellum,  and  in  the  retina. 
They  may  be  spherical,  ovoid,  pyramidal  [cerebrum],  pear-   or   flask-shaped 
[cerebellum],     (i)  Each  cell  is  provided  with  numerous  branched  pro- 
cesses, which  gives  the  cells  a  characteristic  appearance.     [Deiters  isolated 
such  cells  from  the  anterior  horn  of  the  gray  matter  of  the  spinal  cord,  so  that 
this  special  form  of  cell  is  sometimes  called  "Deiters'  cell"  (fig.   446,  I).] 
Those  of  the  spinal  cord  are  devoid  of  a  cell  envelope,  are  of  soft  consistence, 
and  exhibit  a  tibrillated  structure,  which  may  extend  even   into  the  processes. 
Fine  granules  lie  scattered  throughout  the  cell-substance  between  the  fibrils. 
Not  unfrequently  yellow  or  brown  granules  of  pigment  are  also  found,  either 
collected  at  certain  parts  in  the  cell  or  scattered 
throughout  it.     The  relatively  large  nucleus  con- 
sisis  of  a  clear  envelope  enclosing  a  resistant  sub- 
stance.    It  does  not  appear  to  have  a  membrane  in 
youth  {^Schivallie).     Within    the    nucleus    lies    the 
nucleolus,  which  in  the  recent  condition  is  angu- 
lar, provided  with  processes  and  capable  of  motion, 
but  after  death  is  highly  refractive  and  spherical. 
(3)  Each  cell  is  provided  with  one  unbranched 
process,  constituting  the  axial- cylinder  process 
(I,  t)  which  remains  unbranched,   but   it   soon   be- 
comes covered  with  the  white  substance  of  Schwann, 
and  the. other  sheaths  of  a  medullated  nerve,  so  that 
it  becomes  the  axial  cylinder  of  a  nerve-fibre.     Thus 
a  nerve-fibre   is  merely  an    excessively  long,   un- 
branched process  of  a  nerve-cell   pushed  outwards 
towards  the  periphery.]     It  is  now  definitely  ascer- 
tained that  the  cerebral  cells  have  such  processes. 
All  the  other  processes  divide  very  frequently  until 
they  form  a  branched,  root-like,  complex  arrange- 
ment of  the  finest  primitive  fibrils.     These  are  called 
protoplasmic   processes   (I,  y).     By  means  of 
these  processes  it   is  supposed  adjoining  cells  are 
brought  into  communication  with  each  other,  so  that 
inpulses  can  be  conducted  from  one  cell  to  another. 
Further,  many  of  these  fibrils  approximate  to   each 
other,  and  join   together  to   form  axis-cylinders  of 
other  nerve-fibres.     The  most  recent  observers,  how- 
ever, state  that  the  processes  of  neighboring  cells 
do   not  anastomose,  ihey  merely  come  into  relation 
with  each  other.     [V.  ThanhofTer  states  that  he  has 
traced  the  axis-cylinder  process  to  the  nucleus  and 
nucleolus.]  Fig.  454- 

[His,  Forel.uid  other  oh«rvm  deny  the  existence  of  these      Cell  from  the  GasaetiaD  gw.- 
maaMomoaa.     The  processes  of   adioining   nerife-cells   merely  V^Il    ".'i-^     T-    j- 

approBCh  e«h  olher,  but  do  not  «:lu«!ly  uoLle  with  "ch  other,  shealh  ; /.fihie  dividing  at 

there  being  always  an  inlermedi^e  substance  between  them.]  "  Kanvier. 

a.  Bipolar  cells  are  best  developed  in  fishes,  e.  g.,  in  the  spinal  ganglia 
of  the  skate,  and  in  the  Gasserian  ganglion  of  the  pike.  They  appear  to  be 
nucleated,  fusiform  enlargements  of  the  axis-cylinder  (fig.  446,  on  the  right  of  I). 
The  white  substance  often  stops  short  on  each  side  of  the  enlargement,  but  some- 
times the  white  substance  and  the  sheath  of  Schwann  pass  over  the  enlargement. 
43 


674  NERVE-CELLS.  [ScC.  32I. 

3.  Nerve  cells  with  connective -tissue  capsules  occur  in  the  periphery 
ganglia  of  man  (fig.  446,  II).  The  soft  body  of  the  cell,  which  is  provided 
with  several  processes,  is  covered  by  a  thick,  tough  capsule  composed  of  several 
layers  of  connective-tissue  corpuscles ;  while  the  inner  surface  of  the  composite 
capsule  is  lined  by  a  layer  of  delicate  endothelial  cells  (hg.  454).  The  bodt 
of  the  cells  in  the  spinal  ganglia  is  traversed  by  a  network  of  fine  fibrlj 
(JFlemming).     The  capsule  is  continuous  with  the  sheath  of  the  nerve-fibre. 

Rawitz  and  G.  Retzius  find  that  the  cells  of  the  spinal  ganglia  are  unipolar, 
the  outgoing  fibre  taking  a  half-turn  within  the  capsule  before  it  leaves  thccc!! 
(fig.  454).  Retzius  [and  Ranvier]  observed  the  process  to  divide  like  a  T 
Perhaps  this  division  corresponds  to  the  two  processes  of  a  bipolar  cell  The 
jugular  ganglion  and  plexus  gangliiformis  vagi  in  man  contain  only  uDipolar 
cells,  so  that,  in  this  respect,  they  may  be  compared  to  spinal  ganglia.  T;}: 
same  is  the  case  in  the  Gasserian  ganglion  ;  while  the  ciliary,  spheno-pabtine, 
otic,  and  submaxillary  ganglia  structurally  resemble  the  ganglia  of  the  sympa 
thetic. 

4.  Ganglionic  cells  with  spiral  fibres  occur  chiefly  in  the  abdotniDi 
sympathetic  of  the  frog  (JBeaUy  J,  Arnold),  The  body  of  the  cell  is  osoall} 
pyriform  in  shape,  and  from  it  proceeds  an  unbranched  straight  process 
X^g>  446,  III,  «),  which  ultimately  becomes  the  axis-cylinder  of  a  nerve.  A 
spiral  fibre  springs  from  the  cell  (?  a  network),  emerges  from  it,  and  corves  a 
a  spiral  direction  round  the  former  (^).  The  whole  cell  is  surrounded  by  a 
nucleated  capsule  (w).  We  know  nothing  of  the  significance  of  the  different 
fibres.  According  to  Ehrlich,  the  straight  fibres  conduct  in  a  centrifiigal  and 
the  spinal  process  in  a  centripetal  direction. 

[Some  light  has  recently  been  thrown  upon  the  structure  of  the  pyriform  cells  of  the  frog,  tr 
the  use  of  methylene -blue  (Ehriicht  Feisty  Smimow),  This  substance  stains  certain  parts  i .' 
the  cell  when  it  is  injected  into  the  blood,  and  the  stain  can  afterwards  be  fixed.  Tbecapsi; 
remains  colorless,  and  from  the  body  of  the  cell  there  arises  a  straight  fibrillated  process. 
Round  the  cell  are  a  number  of  fine  fibrils,  pericellular  fibrils,  which  unite  to  form  the  tpinl 
fibre,  which  is  much  finer  than  the  former,  and  stains  blue  with  methylene  blue  when  expase-^ 
to  the  air.  Usually  all  the  straight  fibres  from  adjoining  cells  run  in  one  directioo,  sikI  l< 
straight  fibres  in  the  opposite  durection.] 

322.  CHEMICAL  AND  MECHANICAL  PROPERTIES  OF 
NERVOUS  SUBSTANCE.— I.  Proteids.— Albumin  occurs  chieflv  n 
the  axis-cylinder  and  in  the  substance  of  the  ganglionic  cells.  Some  of  this 
proteid  substance  presents  characters  not  unlike  those  of  myosin  (§  293 
Dilute  solution  of  common  salt  extracts  a  proteid  from  nervous  matter,  whic^ 
is  precipitated  by  the  addition  of  much  water  and  also  by  a  concentrated  solu- 
tion of  common  salt  {Petrawsky),  Potash-albumin  and  a  globuHn-Uh  suhstsRct 
are  also  present.  [Halliburton  finds  that  the  proteids  of  nervous  matter  arc  al 
globulins ;  albumins,  albumoses,  and  peptones  being  absent.]  Nuclein  occcs 
especially  in  the  gray  matter  (§  250,  2),  while  neuro-keratin,  a  body  cca 
taining  much  sulphur  and  closely  related  to  keratin,  occurs  in  the  corn 
sheath  of  nerve-fibres  (p.  671).  If  gray  nervous  matter  be  subjected  to  artifi 
digestion  with  trypsin,  both  of  these  substances  remain  undigested  (Kuknt 
Ewald),  Pure  neuro-keratin  is  obtained  by  treating  the  residue  with  canst 
potash.  The  sheath  of  Schwann  does  not  yield  gelatin,  but  a  sa* 
stance  closely  related  to  elastin  (§  250,  6),  from  which  it  differs,  ho 
in  being  more  soluble  in  alkalies.  The  connective-tissue  of  nerves  jie 
gelatin. 

2.  Fats  and  other  allied  substances  soluble  in  ether y  more  especially  in  t 
white  matter : — 

(a)  Protagon,  which  contains  N  and  P,  is  similar  to  ccrcbrin,  and 
according  to  its  discoverer,  the  chief  constituent  of  the  brain  {LiebrdchX 
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AccordiDg  to  Hoppe-Scylcr  and  Diaconow,  it  is  a  mixture  of  lecithin  and  cerebrin.  [The 
investigations  of  Gamgee  and  Blankenhorn  have  shown,  however,  that  protagon  is  a  definite 
chemical  body.  They  find  that,  instead  of  being  unstable,  it  is  a  very  stable  body.]  It  is  a 
glucoside,  and  crystalline,  and  can  be  extracted  from  the  brain  by  warm  alcohol,  and  when  boiled 
with  baryta  yields  the  decomposition* products  of  lecithin. 

(3)  Cerebrin,  free  from  phosphorus  (§  250,  3). 

Cerebrin  is  a  white  powder  composed  of  spherical  granules  soluble  in  hot  alcohol  and  ethe^, 
but  insoluble  in  cold  water.  It  is  decomposed  at  80°  C,  and  its  solutions  are  neutral.  When 
boiled  for  a  long  time  with  acids,  it  splits  up  into  a  left  rotatory  body  like  sugar,  and  another 
unknown  product.  Preparation. — Rub  up  the  brain  into  a  thin  fluid  with  baryta  water. 
Extract  the  separated  coagulum  with  boiling  alcohol.  The  extract  is  frequently  treated  with 
cold  ether  to  remove  the  cholesterin  ( IV,  Mulier).  Parkus  separated  from  cerelnin  its  homo- 
logue,  homocerebrin,  which  is  slightly  more  soluble  in  alcohol,  and  the  clyster-like  body, 
encepbalin,  which  is  soluble  in  hot  water. 

(^)  Lecithin  and  its  decomposition-products — glycero-phosphoric  acid  and 
oleo-phosphoric  acid  (§  251). 

Lecithin  is  an  ethereal  compound  of  neurin,  in  which  the  latter  takes  the  place  of  the  alcohol. 
Neurin  (or  Cholin  =  C^Hi^NO,)  is  a  strongly  alkaline,  colorless  fluid,  forming  crystalline  salts 
with  acids.  It  is  soluble  in  water  and  alcohol,  and  has  been  formed  synthetically  from  glycol 
and  trimethylamin.     Lecithin  is  a  salt  of  the  base  neurin. 

3.  The  following  substances  are  extracted  by  vrater :  Xanthin  and  hypo- 
xanthin  {Scher^r),  kreatin  {Lerch)y  inosit  ( W,  Mulier),  ordinary  lactic  acid 
(^Gscheidlen),  acetic  and  formic  acids,  uric  acid  (?),  and  volatile  fatty  acids; 
leucin  (in  disease),  urea  (in  uraemia),  and  a  substance  like  starch  in  the  human 
brain  (jaffi).  All  these  substances  are  for  the  most  part  products  of  the  regres- 
sive metabolism  of  the  tissues. 

Reaction. — Nervous  substance,  when  passive,  is  neutral  or  feebly  alkaline  in 
reaction,  while  active  (?  and  dead)  it  is  acid  {Funke),  The  gray  matter  of  the 
brain,  when  quite  fresh,  is  alkaline  {Liebreich),  but  death  rapidly  causes  it  to 
become  acid  (^Gscheidlen), 

The  reaction  of  nerve-flbres  varies  during  life.  After  introducing  methylene*blue  into  the 
body  of  a  living  animal,  Ehrlich  found  that  the  axis-cylinder  became  blue,  i,  ^.,  in  those  nerves 
which  have  an  alkaline  reaction. 

The  nerves  after  death  have  a  more  solid  consistence,  so  that  in  all  proba- 
bility some  coagulation  or  change,  **  nerve  rigor,*'  comparable  to  the  stiffen- 
ing of  muscle,  occurs  in  them  after  death,  while  at  the  same  time  a  free  acid  is 
liberated  (§  295).  If  a  fresh  brain  be  rapidly  *'  broiled  '*  at  100°  C,  it,  like  a 
muscle  similarly  treated,  remains  alkaline  (§  295). 
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In  100  parts  of  ash,  Breed  found  potash  32,  soda  11,  magnesia  2,  lime  0.7,  NaCl  5,  iron  phos- 
phate 1.2,  fixed  phosphoric  acid  39,  sulphuric  acid  o.i,  silicic  acid  0.4. 

[Ptomaines  (J  166)  are  obtained  from  putrefying  brain.  They  have  an  effect  on  the  motor 
nerves  like  curare,  but  in  much  less  degree,  while  the  phenomena  last  for  a  much  shorter  time 
( Guareschi  and  Mosso).'] 
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Mechanical  Properties. — One  of  the  most  remarkable  mechanical  proper- 
ties of  nerve-fibres  is  the  absence  of  elastic  tension  according  to  the  varying 
positions  of  the  body.  Divided  nerves  do  not  retract ;  such  nerves  exhibit 
delicate,  microscopic,  transverse  folds  [like  watered  silk],  or  Fontana's  trans- 
verse markings. 

The  cohesion  of  a  nerve  is  very  considerable.  When  a  limb  is  forciblj 
torn  from  the  body,  as  sometimes  happens  from  its  becoming  entangled  in 
machinery,  the  nerve  not  unfrequently  remains  unsevered,  while  the  other  soft 
parts  are  ruptured.  [Tillaux  found  that  a  weight  of  no  to  120  lbs*  was  r^ 
quired  to  rupture  the  sciatic  nerve  at  the  popliteal  space,  while  to  break  the 
median  or  ulnar  nerve  of  a  fresh  body,  a  force  equal  to  40  to  50  lbs.  was  required. 
The  toughness  and  elasticity  of  nerves  are  often  well  shown  in  cases  of  injury 
or  gun-shot  wounds.  The  median  or  ulnar  nerve  will  gain  15  to  20  centimetres 
(6  to  8  inches)  before  breaking.  Weir  Mitchell  has  shown  that  a  healthy  ner\e 
will  bear  a  very  considerable  amount  of  pressure  and  handling,  and,  in  fact,  the 
method  of  nerve-stretching  depends  upon  this  property  of  a  nerve-trunk.] 

323.  METABOLISM  OF  NERVES.— Influence  of  Blood-Sup- 
ply.— We  know  very  little  regarding  the  metabolic  processes  which  take  place 
in  nerve- tissue.  Some  extractives  are  obtained  from  nerve-tissue,  and  thej 
may,  perhaps,  be  regarded  as  decomposition-products  (p.  675).  It  has  not 
been  proved  satisfactorily  that  during  the  activity  of  nerves  there  is  an  exchan^ 
of  O  and  CO,.  That  there  is  an  exchange  of  materials  within  the  nerves  is 
proved  by  the  fact  that,  after  compression  of  the  blood-vessels  of  tbe 
nerves,  the  excitability  of  the  nerves  falls,  and  is  restored  again  when  the  circa- 
lation  is  re-established.  Compression  of  the  abdominal  aorta  causes  paraljsis 
and  numbness  of  the  lower  half  of  the  body,  while  occlusion  of  the  cerebral  ves- 
sels causes  almost  instantaneously  cessation  of  the  cerebral  functions.  The  meta- 
bolism of  the  central  nervous  organs  is  much  more  active  than  that  of  the 
nerves  themselves.  [If  the  abdominal  aorta  of  a  rabbit  be  compressed  for  1 
few  minutes,  the  hind  limbs  are  quickly  paralyzed,  the  animal  crawls  forward 
on  its  fore-legs,  drawing  the  hind  limbs  in  an  extended  position  after  it.]  Tbe 
ganglia  form  much  lymph.  According  to  Hodge,  the  cells  of  the  spinal  ganglia 
when  they  are  stimulated  [/.  ^.,  by  stimulating  the  central  end  of  a  divided 
spinal  nerve  with  an  electrical  current]  can  be  distinguished  from  resting  gang- 
lionic cells  by  their  smaller  size,  the  presence  of  vacuoles  in  their  protoplasm, 
as  well  as  by  their  smaller  nuclei. 

324.  EXCITABILITY  OF  THE  NERVES— STIMULI.-Ner^^ 

possess  the  property  of  being  thrown  into  a  state  of  excitement  by  stimuli,  aiid 
are,  therefore,  said  to  be  excitable  or  irritable.  The  stimuli  may  be  applied 
to,  and  may  act  upon,  any  part  of  the  nerve.  [Such  stimuli  as  act  on  a  Derre 
in  any  part  of  its  course  are  called  general  stimuli.  The  following  are  the 
various  kinds  of  general  stimuli,  /.  e.,  modes  of  motion,  which  act  upon 
nerves: — 

1.  Mechanical,  <f.^.,  pinching. 

2.  Thermal,  e.g.,  suddenly  raising  its  temperature. 

3.  Chemical,  e.g,y  dilute  acids  and  alkalies. 

4.  Physiological. 

5.  Electrical,  (f.  ^.,  an  induction  shock. 

I.  Mechanical  stimuli  act  upon  nerves  when  they  are  applied  withsci- 
ficient  rapidity  to  produce  a  change  in  the  form  of  the  nerve-particles,  a/:,  a 
blow,  pressure,  pinching,  tension,  puncture,  and  section.  In  the  case  of  sen- 
sory nerves,  when  they  are  stimulated,  pain  is  produced,  as  is  felt  when  a 
limb  '*  sleeps,"  or  when  pressure  is  exerted  upon  the  ulnar  nerve  at  the  bend  ot 
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the  elbow.  When  a  motor  nerve  is  stimulated ,  motion  results  in  the  muscle 
attached  to  the  nerve.  If  the  continuity  of  the  nerve-fibres  be  destroyed,  or, 
what  is  the  same  thing,  if  the  continuity  of  the  axial  cylinder  be  interrupted  by 
the  mechanical  stimulus,  the  conduction  of  the  impulse  across  the  injured  part  is 
interrupted.  If  the  molecular  arrangements  of  the  nerves  be  permanently  de- 
ranged, e,  g,^  by  a  violent  shock,  the  excitability  of  the  nerves  may  be  thereby 
extinguished. 

A  slight  blow  appK«d  to  the  radial  nerve  in  the  fore -arm,  or  to  the  axillary  nerres  in  the 
supraclavicular  groove,  is  followed  by  a  contraction  of  the  muscles  supplied  by  these  nerves. 
Under  pathological  conditions,  the  excitability  of  a  nerve  for  mechanical  stimuli  may  be  increased 
enormously. 

Tigerstc^t  ascertained  that  the  minimal  mechanical  stimulus  is  represented  by  900  milli- 
gram-millimetres, and  the  maximum  by  7000  to  8000.  Strong  stimuli  cause  fatigue,  but  the 
fatigue  does  not  extend  beyond  the  part  stimulated.  A  nerve  when  stimulated  mechanically 
does  not  become  acid.  Slight  pressure  without  tension  increases  the  excitability,  which  dimin- 
ishes after  a  short  time.  The  mechanical  work  produced  by  an  excited  muscle  in  consequence 
of  a  stimulus  was  100  times  greater  than  the  mechanical  energy  of  the  mechanical  nerve-stimulus. 

Continued  pressure  upon  a  mixed  nerve  paralyzes  the  motor  sooner 
than  the  sensory  fibres.  If  the  stimulus  be  applied  very  gradualfyy  the  nerve 
may  be  rendered  inexcitable  without  manifesting  any  signs  of  its  being  stimu- 
lated {FontanUy  1758).  Paralysis,  due  to  continuous  pressure  gradually  applied, 
may  occur  in  the  region  supplied  by  the  branchial  nerves;  the  left  recurrent 
laryngeal  nerve  also  may  be  similarly  paralyzed  from  the  pressure  of  an  aneur- 
ism of  the  arch  of  the  aorta. 

By  increasing  the  pressure  on  a  nerve  by  using  a  gradually  increasing  weight,  there  is  at  first 
an  increase  and  then  a  decrease  of  the  excitability.  Pressure  on  a  mixed  nerve  abolishes  reflex 
conduction  sooner  than  motor  conduction  iKronecker  and  Zederbaum). 

Nerve -stretching  is  employed  for  tnerapeutical  purposes.  If  a  nerve  be  exposed  and 
stretched,  or  if  it  be  made  sufficiently  tense,  the  nerve  is  stimulated.  Slight  tension  increases 
the  reflex  excitability  (SchleicX)^  while  violent  extension  produces  a  temporary  diminution  or 
abolition  of  the  excitability  (  Valentin).  The  centripetal  or  sensory  fibres  of  the  sciatic  nerve 
are  sooner  paralyzed  thereby  than  the  centrifugal  or  motor  (Conrad).  During  the  process  of 
extension,  mechanical  changes  are  produced,  either  in  the  nerve  itself  or  in  its  end-organs, 
causing  an  alteration  of  the  excitability,  but  it  may  also  affect  the  central  organs.  The 
paralysis,  which  sometimes  occurs  after  forcible  stretching,  usually  rapidly  disappears.  There- 
fore, when  a  nerve  is  in  an  excessively  excitable  condition,  or  when  this  is  due  to  an  inflam- 
matory fixation  or  constriction  of  the  nerve  at  some  part  of  its  course,  nerve-stretching  may 
be  useful,  partly  by  diminishing  the  excitability,  partly  by  breaking  up  the  inflammatory 
adhesions.  In  cases  where  stimulation  of  an  afferent  nerve  gives  rise  to  efdUptic  or  tetanic 
spasms y  nerve- stretching  may  be  useful  by  diminishing  the  excitability  at  the  periphery,  in 
addition  to  the  other  effects  already  described.  It  has  also  been  employed  in  some  spinal 
affections,  which  may  not  as  yet  have  resulted  in  nuurked  degenerative  changes. 

Tetanomotor. — For  physiological  purposes,  a  nerve  may  be  stimulated  mechanically  by  means 
of  Heidenhain's  tetanomotor,  which  is  simply  an  ivory  hammer  attached  to  the  prolonged 
spring  of  a  Neef's  hammer  of  an  induction  machine.  [A  more  delicate  form  of  this  instrument 
was  used  by  Tigerstedt  (}  335).]  The  rapid  vibration  of  the  hammer  communicates  a  series  of 
mechanical  shocks  to  the  nerve  upon  which  it  is  caused  to  beat.  Rh3rthmic  extension  of  9  nerve 
causes  contractions  and  even  tetanus. 

2.  Thermal  Stimuli.— If  a  frog's  nerve  be  heated  to  45°  C,  its  cxcita- 
bility  is  first  increased  and  then  diminished.  The  higher  the  temperature,  the 
greater  is  the  excitability,  and  the  shorter  its  duration  {A/anasieff),  If  a  nerve  be 
heated  to  50°  C.  for  a  short  time,  its  excitability  and  conductivity  are  abolished. 
The  frog's  nerve  alone  regains  its  excitability  on  being  cooled  {Pickford).  If 
the  temperature  be  raised  to  65^  C,  the  excitability  is  abolished  without  the 
occurrence  of  a  contraction,  while  its  medulla  is  broken  up  {Eckhard),  Sud- 
den cooling  of  a  nerve  to  5^  C.  acts  as  a  stimulus,  causing  contraction,  in  a 
muscle,  while  sudden  heating  to  40°  or  45°  C.  produces  the  same  result.  If  the 
temperature  be  increased  still  more,  instead  of  a  single  contraction  a  tetanic 
condition  is  produced.  All  such  rapid  variations  of  temperature  quickly 
exhaust  the  nerve  and  kill  it.     If  a  nerve  be  frozen  gradually,  it  retains  its 
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excitability  on  being  thawed.  The  excitability  lasts  long  in  a  cooled  nerve; 
in  fact,  it  is  increased  in  a  motor  nerve,  but  the  contractions  are  not  so  high 
and  more  prolonged,  while  the  conduction  in  the  nerve  takes  place  more  slowly. 
Amongst  mammalian  nerves,  the  afferent  and  vaso-dilator  nerves  at  45°  to  50° 
C.  exhibit  the  results  of  stimulation,  while  the  others  only  show  a  change  in 
their  excitability.  When  cooled  to  +  5°  C,  the  excitability  of  all  the  fibres 
is  diminished  {Gruizner), 

3.  Chemical  Stimuli  excite  nerves  when  they  act  with  a  certain  rapidity, 
and  thereby  alter  the  condition  of  the  nerve  (p.  603).  Most  chemical  stimuli 
act  by  first  increasing  the  nervous  excitability,  and  then  diminishing  or  paralyz- 
ing it.  Chemical  stimuli,  as  a  rule,  have  less  ^effect  upon  sensory  thaii  upon 
motor  fibres  {Eckhard).  According  to  Griitzner,  the  inactivity  of  chemical 
stimuli,  so  often  observed  when  they  are  applied  to  sensory  nerves,  depends  in 
great  part  upon  the  non-simultaneous  stimulation  of  all  the  nerve-fibre>. 
Amongst  chemical  stimuli  are — (a)  rapid  abstraction  of  ivater  by  dry  air, 
blotting-paper,  exposure  in  a  chamber  containing  sulphuric  acid,  or  by  the 
action  of  solutions  which  absorb  fluids,  <f.  ^.,  concentrated  solutions  of  neutral 
alkaline  salts  (NaCl  excites  only  motor  fibres  in  mammals — Grutzner)y  sugar, 
urea,  concentrated  glycerin  (and  ?  some  metallic  salts).  The  subsequent  addi- 
tion of  water  may  abolish  the  contractions,  while  the  nerve  may  still  remain 
excitable.  The  abstraction  of  water  first  increases  and  afterwards  diminishes 
the  excitability.  The  imbibition  of  water  diminishes  the  excitability,  {b)  Free 
alkalies,  mineral  acids  (not  phosphoric),  many  organic  acids  (acetic,  oxalic. 
tartaric,  lactic),  and  most  salts  of  the  heavy  metals.  While  the  acids  act  as 
stimuli,  only  when  they  are  somewhat  concentrated,  the  caustic  alkalies  act  ir. 
solutions  of  0.8  to  o.  i  per  cent.  (^KUhne).  Neutral  potash  salts,  in  a  concen- 
trated form,  rapidly  kill  a  nerve,  but  they  do  not  excite  it  nearly  so  strongly  as 
the  soda  compounds.  Dilute  solutions  of  the  neutral  potash  salts  first  increaK 
and  afterwards  diminish  it  (^Ranke)^  as  can  be  shown  by  stimulation  with  ac 
induction  shock  (^Biedermann),  (r)  Various  chemical  substances,  e.  f , 
dilute  alcohol,  ether,  chloroform,  bile,  bile-salts,  and  sugar.  These  substances 
usually  excite  contractions,  and  afterwards  rapidly  kill  the  nerve.  AminoDia. 
lime-water,  some  metallic  salts,  carbon  bisulphide,  and  ethereal  oils  kill  the 
nerve  without  exciting  it — at  least  without  producing  any  contraction  in  a  frog's 
nerve-muscle  preparation.  [The  nerve  of  a  nerve-muscle  preparation  may  be 
dipped  into  ammonia,  but  no  contraction  results,  while  the  slightest  traces  of 
ammonia  applied  to  a  muscle  cause  contraction.]  Carbolic  acid  does  the 
same,  although  when  applied  directly  to  the  spinal  cord  it  produces  spasms. 
These  substances  excite  the  muscles  when  they  are  directly  applied  to  them. 
Tannic  acid  does  not  act  as  a  stimulus  either  to  nerve  or  muscle.  As  a  general 
rule,  the  stimulating  solution  must  be  more  concentrated vfYiQn  applied  toanenc 
than  to  muscle,  in  order  that  a  contraction  may  be  produced. 

[Methods. — If  a  nerve-muscle  preparation  of  a  frog's  limb  be  made,  and  a  straw  flag  (p  ^i 
attached  to  the  toes  while  the  femur  is  fixed  in  a  clamp,  and  its  nerve  be  then  dipped  m  1 
saturated  solution  of  common  salt,  the  toes  soon  begin  to  twitch,  and  by  and  by  the  whole  list 
becomes  tetanic*  and  thus  keeps  the  straw  flag  extended.  The  eflfect  of  fluid  on  a  mosde  cr 
nerve  is  easily  tested  by  fixing  the  muscle  in  a  clamp,  while  a  drop  of  the  fluid  is  placed  00  t 
greased  surface,  which  gives  it  a  convex  form.  The  end  of  the  muscle  or  nerve  is  then  hroef;lit 
into  contact  with  the  cupola  of  the  drop  (Kiihne).'] 

4.  The  Physiological  or  normal  stimulus  excites  the  nerves  in  the  nor- 
mal intact  body.  Its  nature  is  entirely  imknown.  The  **  nerve-motion" 
thereby  set  up  travels  either  in  a  "centrifugal"  or  efferent  or  oatgoin? 
direction  from  the  central  nervous  system,  giving  rise  to  motion,  inhibition  t*t 
motion,  or  secretion  ;  or  in  a  '^centripetal  *'  or  afferent  or  ingoing  directios 
from  the  specific  end- organs  of  the  nerves  of  the  special  senses  or  the  sensor 
nerves.     In  the  latter  case,  the  impulse  reaches  the  central  organs,  where  itnuf 
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excite  sensation  or  perception,  or  it  may  be  transferred  to  the  motor  areas,  and 
be  conducted  in  a  centrifugal  direction,  constituting  a  **  reflex  stimulation  " 
(S360).  A  single  physiological  nerve-impulse  travels  more  slowly  than  that 
excited  by  the  momentary  application  of  an  induction  shock  {Lovin,  v.  Kries), 
It  is  not  a  uniform  process  excited  by  varying  intensity  and  greater  or  less 
frequency  of  stimulation,  but  it  is  essentially  a  process  varying  considerably  in 
duration,  and  it  may  even  last  as  long  as  y^.  second  {v.  Kries), 

5.  Electrical  Stimuli. — [The  following  forms  of  electrical  stimuli  may  be 
used: — 

(i)  Constant  current,  which  ipay  be  made  or  broken  (§  328). 

(2)  Induction  shocks,  either  make  or  break  shocks  (§  329). 

(3)  Interrupted  current  (§  329). 

The  electrical  current  acts  most  powerfully  upon  the  nerves  at  the  moment 
when  it  is  applied^  and  at  the  moment  when  it  ceases  (§  336) ;  in  a  similar  way, 
any  increase  or  decrease  in  the  strength  of  a  constant  current  acts  as  a  stimulus. 
If  an  electrical  current  be  applied  to  a  nerve,  and  its  strength  be  very  gradu- 
ally increased  or  diminished,  then  the  visible  signs  of  stimulation  of  the  nerve 
are  very  slight.  As  a  general  rule,  the  stimulation  is  more  energetic  the  more 
rapid  the  variations  of  the  strength  of  the  current  applied  to  the  nerve,  /.  ^., 
the  more  suddenly  the  intensity  of  the  stimulating  current  is  increased  or 
diminished  {du  Bois-Reymond). 

An  electrical  current  must  have  a  certain  strength  or  liminal  intensity 
before  it  is  effective.  By  uniformly  increasing  the  strength  of  the  current,  the 
size  of  the  contraction  increases  rapidly  at  first,  then  more  slowly  {Tigerstedt 
and  Wiiihard), 

An  electrical  current,  in  order  to  stimulate  a  nerve,  must  have  a  certain 
duration,  it  must  act  at  least  during  0.0015  second  (^Ficky  1863);  even  with 
currents  of  slightly  longer  duration,  the  opening  shock  may  have  no  effect. 
If  the  duration  of  the  closing  shock  of  a  constant  current  be  so  arranged  that 
it  is  just  too  short  to  be  active,  then  it  merely  requires  to  last  1.3  to  2  times 
longer  to  produce  the  most  complete  effect  {Grunhagen). 

The  electrical  current  is  most  active  when  it  flows  in  the  long  axis  of  the 
nerve  ;  it  is  inactive  when  applied  vertically  to  the  axis  of  the  nerve  {Galvant), 
Similarly,  muscles  are  incomparably  less  excited  by  transverse  than  by  longi- 
tudinal currents  {Giuffre), 

The  ^greater  the  length  of  nerve  traversed  by  the  current,  the  less  the 
stimulus  that  is  required  {F/aff), 

Constant  Current  on  a  Nerve. — If  the  constant  current  be  used  as  a 
nervous  stimulus,  the  stimulating  effect  on  the  peripheral  terminations  of 
sensory  nerves,  e.g.,  tongue  or  skin,  is  most  marked  at  the  moment  of  mak- 
ing and  breaking  the  current ;  during  the  time  the  current  passes  only  slight 
excitement  is  perceived,  but,  even  under  these  circumstances,  very  strong 
currents  may  cause  very  considerable,  and  even  unbearable,  sensations  [/.^.,  con- 
formable to  the  rule  that  sudden  variations  in  the  intensity  of  a  current  act  as 
a  stimulus,  there  is,  if  the  current  be  strong  enough,  a  sensation  on  making 
(closing)  or  breaking  (opening)  the  constant  current  or  on  both  events.  If, 
however,  the  current  be  strong,  then  sensations  are  experienced  whilst  the 
current  is  flowing.  This  is  different  from  what  obtains  in  motor  nerves.]  If 
a  constant  current  be  applied  to  a  motor  nerve,  the  greatest  effect  is  produced 
when  the  current  is  made  or  closed  [closing  or  make  contraction],  and  when 
it  is  broken  or  opened  [opening  or  break  contraction].  [No  contraction 
takes  place  while  the  current  is  passing.  An  important  change  takes  place  in 
the  nerve  all  the  time  the  constant  current  is  flowing,  viz.,  the  condition  of 
clectrotonus   is  set  up,  whereby  the  physiological  properties  of  the  nerve 
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are  greatly  modiiied  (§  333),  but  these  do  not  concern  us  at  present.]  Under 
certain  circumstances,  however,  while  the  current  is  passing,  the  stimulation 
does  not  cease  completely,  for,  with  a  certain  strength  of  stimulus,  the  muscle 
remains  in  a  state  of  tetanus  (galvanotonus  or ''  closing  tetanus  ")  {^PflH^er). 
For  the  effect  of  a  constant  current  on  muscles,  see  p.  614.  With  strong 
currents  this  tetanus  does  not  appear,  chiefly  because  the  current  diminishes 
the  excitability  of  the  nerves,  and  thus  develops  resistance,  which  prevents 
the  stimulus  from  reaching  the  muscle.  According  to  Hermann,  a  descending 
current  applied  to  the  nerve,  at  a  distance  from  the  muscles,  causes  this  tetanus 
more  readily,  while  an  ascending  current  causes  it  more  readily  when  the 
current  is  closed  near  the  muscle.  The  constant  current  is  said  by  Grfltiner  to 
have  no  effect  on  vase- motor  and  secretory  fibres. 

Over-maximal  Contraction. — By  gradually  increasiDg  the  strength  of  the  electrkal  stiir- 
ulus  applied  to  a  motor  nerve,  Fick  observed  that  the  muscular  contractions  (he%fai  of  the  lii' 
at  first  increased  proportionally  to  the  increase  of  the  stimulus,  until  a  maximal  contndkffi 
was  obtained.  If  the  strength  of  the  stimulus  be  increased  still  further,  another  increase  of  the 
contraction  above  the  first-reached  maximum  is  obtained.  This  is  called  an  <*  over-maximal 
contraction."  Occasionally  between  the  first  maximum  and  the  second  there  is  a  diminBticc. 
or  indeed  absence  of,  or  gap  or  hiatus  in,  the  contractions.  The  cause  of  this  Hcs  to  tbe 
positive  pole,  which  with  a  certain  strength  of  current  is  sufficient  to  prevent  tbe  further  Mass- 
mission  of  the  excitement  (§  335).  On  continuing  to  increase  the  induction  current,  ultinttttW 
a  stage  is  reached  where  the  stimulation  at  the  negative  pole  again  becomes  stronger  than  tb< 
block  caused  at  the  positive  pole,  and  this  overcomes  the  latter.  The  contractions  before  tbe 
gap  are  caused  by  the  occurrence  of  the  induction  current  (their  latent  period  is  ^lort) ;  th« 
contractions  (long  latent  period,  like  that  after  all  opening  shocks —  JVa/Zer),  after  the  gap,  vt 
caused  by  the  disappearance  of  the  induction  current,  i.e.,  by  polarization ;  this  is  added  tc^ 
the  stimulation  proceeding  from  the  negative  pole,  which  after  the  gap  overcomes  the  inh&itioc 
at  the  positive  pole,  and  excites  the  over- maximal  contractions  {^TigersUdi and  WiUhard), 

Tetanus. — If  single  electrical  shocks  either  from  a  constant  current  or  in- 
duced shocks  of  short  duration  be  rapidly  applied .  after  each  other  to  a  nerve. 

tetanus  in  the  corresponding  muscle  is  produced  (%  298. 
III). 

A  motor  nerve  has  a  greater  specific  excitability  for 
electrical  stimuli  than  the  muscle-substance.  This  is 
proved  by  the  fact  that  a  feebler  stimulus  suffices  to 
excite  a  muscle  when  applied  to  the  nerve  than  when  i: 
is  applied  to  the  muscle  directly,  as  occurs  when  the 
terminations  of  the  motor  nerves  are  paralyzed  by 
curare  (§  296,  2,  Rosenthal^, 

Soltmann  found  that  the  excitability  of  the  motor 
nerves  of  new-born  animals  for  electrical  stimuli  t^ 
less  than  in  adults.  The  excitability  increases  until  tbe 
5th  to  loth  month. 

Unequal  Excitability  of  a  Nerve. — Under  cer- 
tain circumstances,  the  nearer  the  part  of  the  motor 
nerve  stimulated  lies  to  the  central  nervous  system,  the 
greater  is  the  effect  produced  (contraction)  ;  [or  what 
Scheme    of    Rutherford's    is  the  same  thing,  the  further  the  point  of  a  ncne 
experiment.     Sp.    Cd.,    which   is  Stimulated  is  from  the  muscle,  the  stimuhs 
spinal  a)rd;  5,  aflferent    y^^xig  the  same,  the  greater  is  the  contraction.     The 

''E]Tt^^^^''T%  l^d  Pfl^g^^  t^  l^'s  "avalanche-theory,"  i>.,  tte 
near  cord,  and  at  B  the  **  nerve -motio n  "  increases  in  the  nerve  as  it  passe? 
near  muscle.  towards  the  muscles.     This  effect  is  explained,  howcfer, 

by  the  unequal  excitability  of  different  parts  of  tbe 
same  nerve.  Suppose  a  motor  nerve  in  a  nerve-muscle  preparation  of  a  frog  be 
excited  with  the  same  strength  of  stimulus,  ^.^.,  by  very  weak  induction  sbodcs. 
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at  a  point  near  the  muscle,  so  as  to  obtain  just  a  feeble  contraction  of  the 
muscle,  the  same  strength  of  stimulus  applied  at  a  point  further  away  from  the 
muscle  will  cause  a  much  greater  contraction  in  the  muscle.  This  is  not  due 
to  the  nerve- impulse  gaining  strength  as  it  traverses  a  long  stretch  of  nerve, 
but  is  due  to  the  fact  that  the  excitability  is  greater  at  parts  of  the  nerve  away 
from  the  muscle  than  at  parts  nearer  the  muscle,  i,e,,  the  excitability  is 
greatest  near  the  nerve-centre,  probably  because  of  the  trophic  influence 
of  the  nerve-cells  of  the  spinal  cord  on  the  nerve-fibres.] 

[That  the  length  of  nerve  is  not  the  cauje  is  shown  by  the  following  experi- 
ment of  Rutherford  on  the  reflex  movements  of  a  frog.] 

[Expose  the  whole  length  of,  but  do  not  divide,  one  sciatic  nerve  of  a  frog 
in  which  the  brain  is  destroyed.  The  sciatic  nerve  contains  both  motor  and 
sensory  fibres.  On  stimulating  the  nerve  at  any  part  of  its  course  the  limb  of 
the  opposite  side  contracts  reSexly.  The  reflex  contraction,  caused  on  stim- 
ulating the  afferent  or  sensory  nerve-fibres  at  A^  is  greater  than  that  caused  by 
the  stimulation  of  the  nerve  at  B,  In  the  latter  case  a  much  longer  stretch  of 
nerve  is  traversed  by  the  impulse  than  in  the  former,  yet  the  reflex  contraction 
is  greater  in  the  former]. 

According  to  Fleischl,  all  parts  of  the  nerve  are  equally  excitable  for  chemi- 
cal si\m\x\\.  Further,  it  is  said  that  the  higher  placed  parts  of  a  nerve  are  more 
excitable  only  when  the  stimulating  current  passes  in  a  descending  direction  ; 
the  reverse  is  the  case  when  the  current  ascends  {Hermann),  On  stimulating 
a  sensory  nerve,  Rutherford  and  Hallsten  found  that  the  reflex  contraction  was 
greater  the  nearer  the  stimulated  point  was  to  the  central  nervous  system. 

Unequal  Excitability  in  the  same  Nerve. — Nerve-fibres,  even  when 
functionally  the  same  and  included  in  the  same  nerve-trunk,  are  not  all  equally 
excitable.  Thus,  feeble  stimulation  of  the  sciatic  nerve  of  a  frog  causes  con- 
traction of  the  flexor  muscles,  while  it  requires  a  stronger  stimulus  to  produce 
contraction  of  the  extensors  {Ritier,  1805,  Rolletf),  According  to  Ritter,  the 
nerves  for  the  flexors  die  first. 

Direct  stimulation  of  the  muscles  in  curarized  animals  shows  that  the  flexors  contract  with 
a  feebler  stimulus  (but  also  fatigue  sooner)  than  the  extensors ;  the  pale  muscles  of  the  rabbit 
are  also  more  excitable  than  the  red.  As  a  rule,  poisons  affect  the  flexors  sooner  than  the  ex- 
tensors. In  some  muscles  some  pale  fibres  are  present,  and  they  are  more  excitable  than  the  red 
(GrUlzntr)  (J  298).  If  a  frog's  nerve-muscle  preparation  be  exp>osed  to  the  action  of  ether,  on 
strong  stimulation  of  the  sciatic  nerve,  flexion  occurs  (Griiizner,  B<nodUch)^  but,  if  the  current 
be  made  stronger,  extension  takes  place.  During  deep  ether-narcosis  strong  stimulation  of  the 
recurrent  nerve  causes  dilatation,  and  with  slight  narcosis,  narrowing  of  the  glottis  takes  place ; 
dila*ation  occurs  on  slight  stimulation  (Bowditch).  The  adductor  muscle  of  the  claw  of  a 
crayfish  is  relaxed  under  a  weak  stimulus,  but  it  contracts  when  a  strong  stimulus  is  applied  to 
it.     The  reverse  is  the  case  with  the  muscle  which  opens  the  claw  (Budermann). 

Unipolar  Stimulation. — If  one  electrode  of  an  induction  apparatus  be  ap- 
plied to  a  nerve,  it  may  act  as  a  stimulus.  Du  Bois-Reymond  has  called  this  **  uni- 
polar induction  action."  It  is  due  to  the  movement  of  the  electrical  current  to 
and  from  the  free  ends  of  the  open  induction  current  at  the  moment  of  induc- 
tion. [Unipolar  induction  is  more  apt  to  occur  with  the  opening  than  the  clos- 
ing shock,  because  the  former  is  more  intense.] 

Electrical  Stimuli  on  Muscle. — Upon  muscle,  electrical  stimuli  act 
quite  as  they  do  upon  nerves.  Electrical  currents  of  very  short  duration  have 
no  effect  upon  muscles  whose  nerves  are  paralyzed  by  curare  {Briicke^^  and  the 
same  is  true  of  greatly  fatigued  muscles,  or  muscles  about  to  die  or  greatly  weak- 
ened by  diseased  conditions  (§  399).  [The  instantaneous  induction-shock  has 
a  greater  effect  on  the  labile  nerve  than  the  slower  less  intense  constant  current. 
In  the  case  of  a  muscle  whose  nerves  are  paralyzed  by  curare  an  induction  shock 
may  fail  to  produce  a  contraction  when  applied  to  the  muscle,  but  the  constant 
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current  may  do  so.  The  induced  shock  must  ihen  be  made  much  sitonge  Id 
order  to  excite  contraction.  Sometimes  in  man,  after  paralysis  of  motor 
nerves,  the  constant  current  may  excite  contractions  when  the  induced  cutnni 
Tails.  A  strong  constant  current  applied  to  a  curarized  muscle  causescon- 
Iraction  not  only  at  make  and  break,  but  during  the  passage  of  the  cuireni  tbe 
muscle  also  remains  contracted  (p.  614).  Smooth  muscle  is  more  icadili  . 
excited  by  the  constant  current  than  by  an  induced  shock.] 

325.  DIMINUTION  OF  THE  EXCITABILITY.-DEGEN- 
ERATION  AND  REGENERATION  OF  NERVES.-i.  Ui 
continuance  of  the  normal  excitability  in  the  nerves  of  the  body 
depends  upon  the  maintenance  of  the  normal  nutrition  of  the  nerves 
themselves  and  adue  supply  of  blood.  Insufficient  nutrition  eaitses,  in 
the  first  instance,  increased  excitability,  and  if  the  condition  be  con- 
tinued the  excitability  is  diminished  {§  339,  I). 

When  the  physician  meets  with  ihe  signs  of  incrcasfd  txcilability  of  thi  nirva,  I 

under  bad  or  abnormal  conditions  of   nuiriiion,  ihis  is  Xa  be  regarded  as  ihe  beginnii^  ' 

oftbe  slagc  of  decrease  of  the  nerve  energy.      Invigorating  measurci  are  required. 

If  the  terminal  nervous  apparatus  be  subjected  to  a  temporary  dis- 
turbance of  its  nutrition,  the  return  of  the  normal  nutritive  process  is 


Fig-  4S6- 
ves.     A,  sub-division  of  tbemjelin;  B.  fndbet  dis*^;   I 
;  C.interniplion  of  the  axial  cylinder,  which  is  ww^-- 
iccumuUtkm  ofnaclei,  with  the  remainder  of  ihenj*'^ 
a  spindle-shaped  fibre;  E,  a  new  nerve-fibre,  with  a  new  sheath  of  Schwann,  J",  •'1'°*   , 
old  sheath  of  Schwann,  sa;  F,  a  new  nerve-fibre  pasnngin  a  curved  conrse ihtongli " ' ' 
e-Rbre  sbeath. 
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heralded  by  a  more  or  less  marked  stage  of  excitement.  The  more  excitable 
the  nervous  apparatus,  the  shorter  must  be  the  duration  of  the  disturbance  of 
nutrition,  e.g.,  cutting  off  the  arterial  blood-supply  or  interfering  with  the 
respiration. 

2.  Fatigue  of  a  Nerve. — Continued  excessive  stimulation  of  a  nerve, 
without  sufficient  intervals  of  repose,  causes  fatigue  of  the  nerve,  and  by  ex- 
haustion rapidly  diminishes  the  excitability.  A  nerve-trunk  is  more  slowly 
fatigued  than  a  muscle  {Bernstein),  but  it  recovers  more  slowly  (§  304). 
[Nerves  of  cold-blooded  animals  (^/V/^/w^/V)  and  mammals  {BowdiicK)  may 
be  tetanized  for  hours  without  becoming  fatigued.] 

[To  show  that  a  muscle  is  much  more  rapidly  fatigued  than  a  nerve.  Bernstein  arranged 
two  nerve-muscle  preparations  so  that  both  nerves  were  tetanized  simultaneously,  but  through 
one  of  the  nerves  a  polarizing  constant  current  was  passed  by  means  of  non-polarizable  elec- 
trodes (?.  328),  so  that  the  condition  of  anelectrotonus  {\  335)  was  set  up  in  this  nerve,  and  thus 
"blocked"  the  propagation  of  impulses  to  the  corresponding  muscle.  Only  one  muscle,  there- 
fore, was  tetanized.  Both  nerves  were  continuously  stimulated  until  fatigue  of  the  contracting 
muscle  took  place,  and  on  breaking  the  polarizing  current  applied  to  the  other  nerve,  the  corre- 
sponding muscle  at  once  became  tetanic.  Now,  as  both  nerves  were  equally  stimulated,  and  the 
muscle  in  connection  with  one  nerve  was  fatigued,  while  the  other  muscle  at  once  contracted,  it 
is  evident  that  a  muscle  is  much  more  rapidly  fatigued  than  a  motor  nerve.  In  sensory  nerves, 
fatigue  and  recovery  are  analogous  to  the  corresponding  processes  in  motor  nerves  (Bfrns/em).'] 

Recovery. — When  a  nerve  recovers,  at  first  it  does  so  slowly,  then  more 
rapidly,  and  afterwards  again  more  slowly.  If  recovery  does  not  occur  within 
half  an  hour  after  a  frog's  nerve  has  been  subjected  to  very  long  and  intense 
stimulation,  it  will  not  take  place  at  all. 

3.  Continued  inaction  of  a  nerve  diminishes,  and  may  ultimately  abolish 
the  excitability. 

Thus  the  central  ends,  e.  g.y  of  a  nerve  of  special  sense,  after  removal  of  the  sense-organ,  or 
divided  sensory  nerves,  after  amputation  of  a  limb,  lose  their  excitability,  although  the  nerves 
are  still  connected  with  the<:entral  nervous  system,  because  the  end-organs  through  which  they 
were  normally  excited  have  been  removed. 

4.  Separation  from  their  Nerve  Centres. — The  nerve-fibres  remain  in 
a  condition  of  normal  nutrition  only  when  they  are  directly  connected  with 
their  centre,  which  governs  the  nutritive  processes  within  the  nerve.  If  a 
nerve  within  the  body  be  separated  from  its  **  nutritive  centre'*  or 
"trophic  centre  " — either  by  section  of  the  nerve  or  compressing  it — within 
a  short  time  it  loses  its  excitability,  and  the  peripheral  end  undergoes  fatty 
degeneration,  which  begins  in  four  to  six  days  in  warm-blooded  animals,  and 
after  a  long  time  in  cold-blooded  ones  {/oh.  Milller).  See  also  the  changes  of 
the  excitability  during  this  condition,  the  so-called  **  Reaction  of  degenera- 
tion "  (§  339).  If  the  sensory  nerve-fibres  of  the  root  of  a  spinal  nerve  be 
divided  on  the  central  side  of  the  ganglion,  the  fibres  on  the  peripheral  side  do 
not  degenerate,  for  the  ganglion  is  the  trophic  or  nutritive  centre  for  the  sen- 
sory nerves ;  but  the  fibres  still  in  connection  with  the  cord  degenerate 
(  Waller^ 

VS^allerian  Law  of  Degeneration. — Experiments  on  Spinal 
Nerves. — If  a  spinal  nerve  be  divided,  the  peripheral  part  of  the  nerve 
and  its  branches,  including  the  sensory  and  motor  fibres,  degenerate  com- 
pletely (fig.  457,  A),  while  the  central  parts  of  the  nerve  remain  unaltered.  If 
the  anterior  root  of  a  spinal  nerve  alone  be  divided  before  it  joins  the  pos- 
terior root,  all  the  peripheral  nerve-fibres  connected  with  the  anterior  root 
degenerate  {^%,  457,  B),  so  that  in  the  nerve  of  distribution  only  the  motor 
fibres  degenerate.  The  portion  of  the  nerve-root  which  remains  attached  to 
the  cord  does  not  degenerate.  If  the  posterior  root  alone  be  divided,  be- 
tween the  spinal  cord  and  the  ganglion,  the  effect  is  reversed,  the  part  of  the 
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nerve-root  lying  between  Che  section  and  the  spinal  cord  degenerates,  wbilc 
the  part  of  the  nerve  connected  with  the  ganglion  does  not  degeneratt  Ifig. 
457,  C).  The  central  fibres  degenerate  because  they  are  separated  ftom  tht 
ganglion.  If  the  ganglion  be  excised,  or  if  separated,  as  in  fig.  457,  D.bold 
the  central  and  peripheral  parts  of  the  posterior  root  degenerate.  Tbnc 
experiments  of  Waller  show  that  the  fibres  of  the  anterior  and  posterior  rooB 
are  governed  by  different  centres  of  nutrition  or  "  trophic  centres."  As 
the  anterior  root  degenerates  when  it  is  separated  from  the  cord,  and  the 
posterior  when  it  is  separated  from  its  own  ganglion,  it  is  assumed  thatlbt 
trophic  centre  for  the  fibres  of  the  anterior  root  lies  in  the  multipolai  nmt- 
cells  of  the  anterior  horn  of  the  gray  matter  of  the  spinal  cord,  while  thit  bx 
the  fibres  of  the  poslerior  root  lies  in  the  cells  of  the  ganglion  placed  on  ii. 
The  nature  of  this  supposed  trophic  influence  is  entirely  unknown.} 

Traumatic  and  Fatty  Degeneration. — Both  enHs  of  the  nerve  at  (he  poiol  of  stciic 
immedialel}'  begin  to  undergo  "  traumatic  dcKeneiation."  (In  the  Irt^  on  the  is  ud  >: 
da]r.)  After  a  lime  neither  the  mjelin  nor  axis-cylinder  is  distinguishable  {S^i^).  Aondi; 
lo  En^imann,  this  condition  extends  ooly  to  the  nearest  node  of  Ranvier,  and  aflenrai^itc 
so-called  "  fatty  degeneration  "  begins.  The  process  of  "/ally  "  d^enerMioa  begins  ami- 
taneousif  in  the  whole  penpheTal   portion ;  the  while  subRance  of  Schwaon  breaks  ap  'acs 


Fig-  457- 
Diagram  of  the  roots  or  a  spinal  nerve,  showii^  the  effect  of  srction  (the  Idack  paits  npB"! 
the  degenerated  parts).      A,  section  of  the  nerve  trunk  beyond  the  ganglioa;  B,  of  l-: 
anterior  root,   and   C,  of  the   poMerior;  D,  excision   of   the  ganglion;  a,  anteriof.  ; 
posterior,  root;  f,gang]ion. 

masses  (lig.  456.  A),  just  as  it  does  after  death,  in  microscopic  preparations  1  aftcrwli  t^- 
mjelin  forms  globules  and  round  masses  (B),  the  axial-cylinder  is  compressed  or  constnan^. 
and  is  ultimately  broken  across  (C)  in  miny  places  (7th  da>).  The  nerre-fibre  seems  to  tuni 
up  into  tno  substances — one  fatty,  the  other  proteid  in  constitution,  the  fat  being  liaa^- 
{S.  Mayer),  The  nuclei  of  Schwann's  shealh  swell  up  and  proliferate  (D — until  ibe  lothiii^ 
According  to  Ranvier.the  noclei  of  the  interannular  segments  and  their  surrounding  pn*^«=^ 
proliferate,  aod  ultimately  intetrupt  the  cootiouily  of  the  axis-cylinder  and  the  nj'clin.  tW 
then  undergo  considerable  development  with  simultaneous  disappearance  of  the  iDcdDUi>3c 
axis-cylinder,  or  at  least  fatly  substances  formed  by  their  degenerition,  so  that  the  nem-eif- 
look  like  libres  of  connective-tissue.  [According  to  this  view,  the  process  is  in  pit  ui  "-'' 
one,  due  to  the  growth  of  the  nerve- corpuscles  breaking  up  the  contents  of  the  neonlenei. 
which  then  ultimately  undergo  chemical  degenerative  clwnges.]  According  to  Ranif. 
TiiMini,  and  others,  leucocytes  wander  into  the  Cut  ends  of  the  nerves,  and  also  at  Ranric  > 
nodes,  insinuatiag  (hemselves  into  the  nerve-fibres,  where  they  take  myelin  into  ibiir  Wio. 
and  subject  it  to  certain  changes.  [These  cells  are  best  revealed  by  the  action  of  oaaic  scJ. 
which  blackens  any  myelin  particles  in  their  interior]  Degeneration  also  takti  place  but 
motorial  end-plates,  beginning  first  in  the  non-meduUated  branches,  then  in  tbetenniai.  | 
fibrils,  and  lastly  in  the  nerve-trunks  [^Grahr). 

Regeneration  of  Nerves. — In  order  that  regeneration  of  a  divided  nerve  may  ttle  pto 
(CfT«f:tj:*n«:t,  179s),  tbedivided  ends  of  the  nerve  must  be  brought  into  conlacl  ({  M4)-  '' 
man  this  is  done  by  means  of  sutures.  Abdut  the  middle  of  ihe  fourth  ««k,  uuU  cM 
bands  appear  within  the  neurilemma,  winding  between  (he  nuclei  and  the  rcmsias  oi  1  ' 
myelin  (E).  They  soon  become  wider,  and  receive  myelin  with  incisures,  and  aodii.  »*  J 
shealh  of   Schwann  {ad  to  3d  month— F),      The  r^eneration   process  takes  pUn  "  **- 
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interannalar  segmeDt,  while  the  individaal  segments  mute  end  to  end  at  the  nodes  of  Ranvier 
(^  312,  I,  5).  ^  On  this  view,  each  nenre-segment  of  the  fibre  corresponds  to  a  **cell-miit" 
( E,  Neumann^  Eichhoisi),  The  same  process  occmv  in  nerves  ligatured  in  their  course.  Several 
new  fibres  may  be  formed  within  one  old  nerve-sheath.  The  divided  axis-cylinders  of  the 
central  end  of  the  nerve  begin  to  grow  abont  the  14th  day,  nntil  they  meet  the  newly  formed 
ones,  with  which  they  nnite. 

[Primary  and  Secondary  Nerve  Suture. — Numerous  experiments  on  animab  and  man 
have  established  the  fact  that  immediate  or  primary  suture  of  a  nerve,  after  it  is  divided,  either 
accidentally  or  intentionally,  hastens  reunion  and  regeneration,  and  accelerates  the  restoration 
of  function.  Secondaiy  suture,  f .  e.,  bringing  the  ends  together  long  after  the  nerve  has  been 
divided,  has  been  practiced  with  success.  Surgeons  have  recorded  cases  where  the  ftmction 
was  restored  after  division  had  taken  place  for  3  to  16  months,  and  even  longer,  and  in  most 
cases  the  sensibility  was  restored  first,  the  average  time  being  2  to  4  weeks.  Motion  is 
recovered  much  later.  The  ends  of  the  nerve  should  be  stitched  to  each  other  with  catgut, 
the  muscles  at  the  same  time  being  kept  ftt>m  becoming  atrophied  by  electrical  stimulation  and 
the  S3rstematic  use  of  massage  ({  307^.  After  suture  of  a  nerve,  conductivity  is  restored  in  the 
rabbit  in  40  days,  on  the  31st  in  oogs,  and  25th  in  fowls,  but  after  simple  division  without 
suture,  not  till  the  60th  day  in  the  rabbit.  Transplantation  of  nerve  does  not  succeed 
(Johnson),    It  has  been  practiced  on  several  occasions  on  the  human  subject.] 

Union  of  Nerves. — The  central  end  of  a  divided  motor  nerve  may  unite  with  the  peripheral 
end  of  another,  and  still  conduct  impulses  (Rava),  [It  is  stated  that  sensory  fibres  will  reunite 
with  sensory  fibres,  and  motor  fibres  with  motor  fibres,  and  the  regenerated  nerve  will,  in  the 
former  case,  conduct  sensory  impulses,  and  the  latter  nootor  impulses.  There  is  very  con- 
siderable  diversity  of  opinion,  however,  as  to  the  regeneration  or  union  of  sensory  with  motor 
fibres.  Paul  Bert  made  the  following  experiment :  He  stitched  the  tail  of  a  rat  into  the 
animal*s  back,  and  after  union  had  taken  place,  he  cut  the  tail  from  the  body  at  the  root,  so  that 
the  tail,  as  it  were,  grew  out  of  the  animal's  back,  broad  end  uppermost.  On  irritating  the  end 
of  the  tail,  whidi  was  formerly  the  root,  the  animid  gave  signs  of  pain.  This  experiment  was 
devised  by  Bert  to  try  to  show  that  nerve-fibres  can  conduct  impulses  in  both  directions.  One  of 
two  things  must  have  occurred.  Either  the  motor  fibres,  which  normally  carried  impulses  down 
the  tail,  now  convey  them  in  the  opposite  direction,  and  convey  them  to  sensory  fibres  with  which 
they  have  .miited ;  or  the  sensory  fil>res,  which  normally  conducted  impulses  from  the  tip  up- 
wards, now  carry  them  in  the  opposite  direction.  If  the  former  were  actually  what  happened,  it 
would  show  that  nerve- fibres  of  different  function  do  unite  ({  349).  Reichert  asserts  that  he 
has  succeeded  in  uniting  the  hypoglossal  with  the  vagus  in  the  dog.  According  to  Gessler  the 
end-plate  is  the  first  to  regenerate  (J  338).] 

Trophic  Centres. — The  regeneration  of  the  nerve  seems  to  take  place 
under  the  influence  of  the  nerve-centres,  which  act  as  their  nutritive  or 
trophic  centres.  Nerves  permanently  separated  from  these  centres  never 
regenerate. 

During  the  regeneration  of  a  mixed  nerve,  sensibility  is  restored  first, 
subsequently  voluntary  motion,  and  lastly,  the  movements  of  the  muscles, 
when  their  motor  nerves  are  stimulated  directly  {Schiff,  Erb^  v.  Ziemssen), 

VS^allerian  Method  of  Investigation. — As  the  peripheral  tnd.  of  a  nerve 
undergoes  degeneration  after  section,  we  use  this  method  for  determining  the 
course  of  nerve-fibres  in  a  complex  arrangement  of  nerves.  The  course  of 
special  nerve-fibres  may  be  ascertained  by  tracing  the  degeneration  tract 
(^Waller).  If  after  section,  reunion  or  regeneration  of  a  motor  nerve  does 
not  take  place,  the  muscle  supplied  by  this  nerve  ultimately  undergoes  fatty 
degeneration. 

5.  Modifying  Conditions. — Under  the  action  of  various  operations,  e,  g.f 
compressing  2l  nerve  [so  as  not  absolutely  to  sever  the  physiological  continuity], 
it  has  been  found  that  voluntary  impulses  or  stimuli  applied  above  the  com- 
pressed spot  give  rise  to  impulses  which  are  conducted  through  the  nerve,  and 
in  the  case  of  a  motor  nerve,  cause  contraction  of  the  muscles,  whilst  the 
excitability  of  the  parts  below  the  injured  spot  is  greatly  diminished  (JSchiff), 
In  a  similar  manner,  it  is  found  that  the  nerves  of  animals  poisoned  with  CO2, 
curare,  or  coniin,  sometimes  even  the  nerves  of  paralyzed  limbs  in  man,  are 
not  excitable  to  direct  stimuli,  while  they  are  capable  of  conducting  impres- 
sions coming  from  the  central  nervous  system  {Duchenne),    The  injured  part 
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of  the  nerve,  therefore,  loses  its  excitability  sooner  than  its  ix>wer  of  conduct- 
ing an  impulse. 

6.  Certain  poisons,  such  as  veratrin^  at  first  increase  the  excitabilit}'oftne 
nerves,  and  afterwards  abolish  it ;  with  some  other  poisons,  the  abohtion  of 
the  excitability  passes  off  very  rapidly,  e,  g,,  curare.  Conium,  cynoglossam, 
iodide  of  methylstrychnin,  and  iodide  of  aethylstrychnin  have  a  similar  actior. 

If  the  nerve  or  muscle  of  a  frog  be  placed  in  a  solution  of  the  poison,  we  obtain  adiffens 
effect  from  that  which  resuhs  when  the  poison  is  injected  into  the  body  of  the  animal.  Atrcpi: 
diminishes  the  excitability  of  a  nerve-muscle  preparation  of  the  frog  without  causing  xct 
previous  increase,  while  alcohol,  ether,  and  chloroform  increase  and  then  diminish  the  excu- 
bilily  (Afommsen). 

7.  Ritter- Valli  Law. — If  a  nerve  be  separated  from  its  centre,  or  if  ibe 
centre  die,  the  excitability  of  the  nerve  is  increased ;  the  increase  of  excitability 
begins  at  the  central  end,  and  travels  towards  the  periphery — the  excitability 
iiitn  falls  until  it  disappears  entirely.  This  process  takes  place  more  rapidy 
in  the  central  than  in  the  peripheral  part  of  the  nerve,  so  that  the  periphenl 
end  of  a  nerve  separated  from  its  centre  remains  excitable  for  a  longer  time 
than  the  central  end. 

The  rapidity  of  the  transmission  of  nerve  impulses  in  a  nerve  is  increased  when  tbeei- 
citability  is  increased,  but  it  is  lessened  when  the  excitability  is  diminished  ({  337).  In  die  Itfter 
condition,  an  electricid  stimulus  must  last  longer  in  order  to  be  effective  ;  hence  rapid  iodocuoc 
shocks  may  not  produce  any  effect. 

The  law  of  cotUraction  also  undergoes  some  modi6cation  in  the  different  stages  of  the  ch3E|e 
of  excitability  ({  336,  II). 

8.  Excitable  Points. — Many  nerves  are  more  excitable  at  certain  parts  of 
their  course  than  at  others,  and  the  excitability  may  last  longer  at  these  parts. 
One  of  these  parts  is  the  upper  third  of  the  sciatic  nerve  of  a  frog,  just  what 
a  branch  is  given  off  {Budge), 

The  motor  and  sensory  fibres  of  the  upper  third  of  the  sciatic  nerve  of  a  frog  (p.  6St>  iif 
more  excitable  for  all  stimuli  than  the  lower  parts  {Gr&ttner  and  Elptm).  WheUier  this anss 
from  injury  during  preparation  fa  branch  is  given  off  there),  or  is  due  to  anatomical  coodios^ 
e.  ^.,  more  connective-tissue  ana  more  nodes  in  the  lower  part  of  the  sciatic,  is  uodetenKsei 
{Clara  I/alperson), 

This  increased  excitability  may  be  due  to  injury  to  the  nerve  in  preparing  it  for  expenoQefc 
After  section  or  compression  of  a  nerve,  all  electrical  currents  employed  to  stimulate  the  dotc 
are  far  more  active  when  the  direction  of  the  current  passes  away  from  the  point  of  injury  tkc 
when  they  pass  in  the  opposite  direction.  This  is  due  to  the  fact  that  the  current  produced  = 
the  nerve  after  the  lesion  is  added  to  the  stimulation  current  ({  331,  5).  Even  in  intact  oems 
— sciatic  of  a  frog — where  the  nerve  ends  at  the  periphery  or  at  the  centre,  or  where  be: 
branches  are  given  off,  there  are  points  which  behave  in  the  same  way  as  those  points  vbere  i 
lesion  has  taken  place  {Griilzner  and  Moschner). 

Death  of  a  Nerve. — In  a  dead  nerve  the  excitability  is  entirely  abolished, 
death  taking  place,  according  to  the  Ritter- Valli  law,  from  the  centre  toward 
the  periphery.  The  reaction  of  a  dead  nerve  has  been  found  by  some  ob- 
servers to  be  acid  (§  322). 

The  functions  of  the  brain  cease  immediately  death  takes  place,  while  the  vital  fonctiaes  ^ 
the  spinal  cord,  especially  of  the  white  matter,  last  for  a  short  time ;  the  large  nenretnm^ 
gradually  die,  then  the  nerves  of  the  extensor  muscles,  those  of  the  flexors  alter  three  to  fc^* 
hours ;  while  the  sympathetic  fibres  retain  their  excitability  longest,  those  of  the  iotesdoe  e^fi 
for  ten  hours  ( Onimus).  Compare  {  395.  The  nerves  of  a  dead  frog  may  remain  exdaKe  kr 
several  days,  provided  the  animal  be  kept  in  a  cool  place. 


Sec.  326.]  ELECTRO-MOTIVE   FORCE.  68/ 


Electro-Physiology. 

Before  beginning  the  study  of  electro-physiology,  the  student  ought  to  read 
and  study  carefully  the  following  short  preliminary  remarks  on  thfe  physics  of 
this  question  : — 

326.  PHYSICAL— THE  GALVANIC  CURRENT—RHEOCORD.— i.  Electro- 
motive Force. — If  two  of  the  under-mentioned  bodies  be  brought  into  direct  contact,  in  one  of 
them  positive  electricity,  and  in  the  other  negative  electricity  can  be  detected.  The  cause  of 
this  phenomenon  is  the  electro* motive  force.  The  electro-motive  substances  may  be  arranged 
in  a  series  of  the  first  class,  so  that  if  the  firi»t*mentioned  substance  be  brought  into  contact 
with  any  of  the  other  bodies,  the  first  substance  is  negatively,  the  last  positively,  electrified.  This 
series  is  :  carbon,  platinum,  gold,  silver,  copper,  iron,  tin,  lead,  zinc,  -{-, 

The  Electro-motive  Force  (E.M.F.)  produced  by  the  contact  of  two  of  these  bodies  is  greater 
the  further  the  bodies  are  apart  in  the  series.  The  contact  of  the  bodies  may  take  place  at  one 
or  more  points.  If  several  of  the  bodies  of  this  series  be  arranged  in  a  pile,  the  electrical  tension 
thereby  produced  is  just  as  great  ja  if  the  two  extreme  bodies  were  brought  into  contact,  the 
intermediate  ones  being  left  out. 

2.  The  nature  of  the  two  electricities  is  readily  determined  by  placing  one  of  the  bodies  of 
the  series  in  contact  ttn/A  a  fluid.  If  zinc  be  placed  in  pure  or  acidulated  water,  the  zinc  is 
-}-  (positive)  and  the  water  —  (negative).  If  copper  be  taken  instead  of  zinc,  the  copper  is  -f 
bat  the  fluid — .  Experiment  shows  that  those  metals,  in  contact  wuh  fluid,  are  negatively 
electrified  most  strongly  which  are  most  acted  on  chemically  by  the  fluid  in  which  £ey  are 
placed.  Each  such  combination  affords  a  constant  difference  of  tension  or  potential.  The 
tension  [or  power  of  overcoming  resistance]  of  the  amount  of  electricity  obtained  from  both 
bodies  depends  upon  the  size  of  the  surfaces  in  contact.  The  fluids,  e,g,^  the  solutions  of  acids, 
alkalies,  or  salts  are  called  exciters  of  electricity  of  the  second  class.  They  do  not  form  among 
themselves  a  definite  series  with  different  tensions.  When  placed  in  these  fluids,  the  metals 
lying  next  the  -{-  end  of  the  above  series,  especially  zinc,  are  most  strongly  electrified  negatively, 
and  to  a  less  extent  those  lying  near  the  —  end  of  the  series. 

3.  Qalvanic  Battery. — If  two  different  exciters  of  the  first  class  be  placed  in  fluid,  without 
the  bodies  coming  into  contact,  e,  g.^  zinc  and  copper,  the  projecting  end  of  the  (negative)  zinc 
shows  free  negative  electricity,  while  the  free  end  of  the  (positive)  copper  shows  fi'ee  positive 
dectrictty.  Such  a  combination  of  two  electro-motors  of  the  first  class  with  an  electro-motor 
of  the  second  class  b  called  a  galvanic  battery,.  [A  battery  is  an  arrangement  for  produdne 
electricity.  A  single  apparatus  constitutes  a  cell  or  element^  several  elements  form  a  battery.  J 
As  long  as  the  two  metals  in  this  fluid  are  kept  separate,  the  circuit  is  said  to  be  broken  or  open^ 
but  as  soon  as  the  free  projecting  ends  of  the  metals  are  connected  outside  the  fluid,  e.  ^.,  by  a 
copper  wire,  the  circuit  or  current  is  made  or  closed^  and  a  galvanic  or  constant  current  of 
electricity  is  obtained.  The  galvanic  current  has  resistance  to  encounter  in  its  course,  which  is 
called  **  conduction  resistance  *'  (W).  It  is  directly  proportional — ( i )  to  the  length  (/)  of  the 
circuit ;  (2)  and  with  the  same  length  of  circuit,  inversely  as  the  section  (^)  of  the  same ;  and 
(3)  it  also  depends  on  the  molecular  properties  of  the  conducting  material  (specifc  conduction 
resistance  =  /),  so  that — 

the  conduction  resistance  W  =  (j  /)  :  ^. 

The  resistance  to  conduction  increases  with  the  increase  of  the  temperature  of  the  metals,  but 
diminbhes  under  ^imilar  conditions  with  fluids. 

Ohm's  Law. — The  strength  of  a  galvanic  current  (C),  or  the  amount  of  electricity  passing 
through  the  closed  circuit,  t.^.,  the  current  strength,  b  proportional  to  the  electro-motive  force 
[£) — or  the  electrical  tension  or  potential,  but  inversely  proportional  to  the  total  resistance  to 
conduction  (R)  — 

Electro-motive  force 
Ohm's  Law  (1827)  -  Current  =  ^^^^^^  resistal^c^ 

E  E 

C=j^orE  =  CXRorR  =  ^ 

The  total  resistance  to  conduction,  however,  in  a  closed  circuit  is  composed  of  (i)  the  resist- 
ince  outside  the  battery  ("  extraordinary  resistance");  and  (2)  the  resbtance  within  the  battery 
itself  (*'  essential  resistance").    The  specific  resistance  to  conduction  is  very  variable  in  different 
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substances;  it  is  relatively  small  in  metals  (^.^.,  for  copper  =  i,  iron  =  6.4,  German  sQtct  = 
12),  but  very  great  in  fluids  (^.^.»  for  a  concentrated  solution  of  common  salt  6,515,000,  fior  a 
concentrated  solution  of  copper  sulphate  10,963,600). 

Conduction  in  Animal  Tissues. — The  resistance  to  the  conduction  of  electricity  is 
also  very  great  in  animal  tissues,  almost  a  million  times  greater  than  in  metals.  Wbeoa  a»- 
stant  current  is  applied  to  the  skin  so  as  to  traverse  the  body,  the  resistance  diminishes  because 
of  the  conduction  of  water  in  the  epidermis  under  the  action  of  the  constant  current  ({  289).  aui 
the  congestion  of  the  cutaneous  blood-vessels  in  consequence  of  the  stimulation.  But  the  resist 
ance  varies  in  different  parts  of  the  skin,  the  least  being  in  the  palm  of  the  band  and  soleof  tbe 
foot.  The  chief  seat  of  the  resistance  is  the  epidermis,  for  after  its  removal  by  means  of  a  blister, 
the  resistance  is  greatly  diminished.  Dead  tissue,  as  a  rule,  is  a  worse  coaductor  than  lifiog 
tissues  (Jolly).  When  the  current  is  passed  tranruersely  to  the  direction  of  tbe  foes  of  a 
muscle,  the  resistance  is  nearly  nine  times  as  great  as  when  the  current  passes  in  the  directicD 
of  the  fibres — a  condition  which  disaroears  in  rigor  mortis  (^Hermann),  In  nerves,  the  resia- 
ance  longitudinally  is  two  and  a  half  million  times  greater  than  in  mercory,  transversely  aboa 
twelve  million  times  greater  {I/ermann)»  Tetanus  and  rigor  mortis  diminuih  the  resistance  a 
muscle  [du  Bois-Reymond),  According  to  Rosenthal,  the  conduction  is  the  same  in  a  dead  as 
in  a  living  muscle,  both  in  a  longitudinal  and  transverse  direction.  Charcot  and  Vtgouioax  hare 
made  the  remarkable  observation  that  in  cases  of  Basedow's  disease  (J  371)  there  is  a  dimtaa- 
tion  of  the  electrical  resistance  in  the  body. 

Deductions  from  Ohm's  Law. — It  follows  from  Ohm's  law  that — I.  If  there  is  very  pcit 
resistance  to  the  current  outside  the  battery  [t.  ^.,  between  the  electrodes],  as  is  the  case  wtoi  t 
nerve  or  a  muscle  lies  on  the  electrodes,  the  strength  of  the  current  can  only  be  increased  bj 
increasing  the  number  of  the  electro-motive  elements.  II.  When,  however,  the  extraoidimiy 
resistance  is  very  small  compared  with  that  within  the  battery  itself,  tbe  strength  of  the  conc^ 
cannot  be  increased  by  increasing  the  number  of  the  elements,  but  only  by  increasing  the  sot^kcs 
of  the  plates  in  the  battery. 

[The  following  system  of  electrical  measurements  was  adopted  in  1 881.  Some  of  tbe  anitsoi 
measurement  are  of  importance  ph3^iologically.    They  are : — 

The  Ohm,  or  the  unit  of  resistance,  is  equal  to  the  resistance  of  a  column  of  pure  mercvf  is 
a  closed  glass  tube  1.06  metre  long,  and  I  square  mm.  in  sectional  area  at  o®  C 

The  Ampire,  or  the  unit  of  current,  is  tbe  strength  of  current  required  to  produce  a  1 72  cc 
of  O  and  H  (i.  ^.,  decompose  water)  in  I  sec.  at  0°  C.  and  760  nun.  pressure.  I  milliamp^  = 
j-^fG  ampere-  An  ampere  is  approximately  equal  to  the  current  of  a  Daniell's  cell  throogk  aa 
ohm. 

The  Volt,  or  unit  of  electro-motive  force,  is  equal  to  about  £  M.F.  of  a  Daniell's  cdL  The 
relation  between  these  is  that  i  amp^e  =  i  volt :   i  ohm.] 

Strength  and  Intensity. — We  must  carefully  distinguish  the  strength  of  the  cuirent  finan  is 
intensity.  As  the  same  amount  of  electricity  alwajrs  flows  through  any  given  transverae  sccnoa 
of  the  circuit,  then,  if  the  size  of  the  transverse  section  of  the  circuit  varies,  the  electricity  mast  be 
of  greater  intensity  in  the  narrower  parts,  and  it  is  evident  that  the  intensity  will  be  les  vbot 
the  transverse  section  is  greater.  Let  C  =  the  strength  of  the  current,  and  q  the  trau- 
verse  section  of  the  given  part  of  the  circuit,  then  the  intensity  {d)  at  the  latter  put  is 
d  =  C  :  g. 

If  the  galvanic  current  passing  from  the  positive  pole  of  a  battery  is  divided  into  two  or  bor 
streams,  which  are  again  reunited  at  tbe  other  pole,  then  the  sum  of  the  strength  of  all  tbe 
streams  is  equal  to  the  strength  of  the  undivided  stream.  If,  however,  the  difoent  streams  se 
different  as  regards  length,  section,  and  material,  then  the  strength  of  the  current  passng  in  cai^ 
of  the  streams  is  inversely  proportional  to  the  resistance  to  the  conduction. 

Du  Bois-Reymond's  Rheocord. — This  instrument,  constructed  on  the  principle  of  the 
"  secondary,"  or  '*  short  circuit,"  enables  us  to  graduate  tbe  strength  of  a  galvanic  cuiTe« 
to  any  required  degree,  for  the  stimulation  of  nerve  and  muscle.     From  the  two  poles  (^.  45S, 

go  to  the 


rt,  b)  of  a  constant  battery,  there  are  two  conducting  wires  (<z,  r,  and  dj  b\  which  _ 
of  a  frog's  nerve-muscle  preparation  (F).  The  portion  of  nerve  (c^d)  introduced  into  thb 
(a,  r,  df  b)  offers  very  great  resistance.  The  second  stream  or  secondary  circuit  (a  A,  ^  B ' 
conducted  from  a  and  b  passes  through  a  thick  brass  plate  (A,  B),  consisting  of  seven  pieces  otf 
brass  (i  to  7)  placed  end  to  end,  but  not  in  contact.  They  can  all,  with  the  exception  of  i  aad 
2,  be  made  to  form  a  continuous  conductor  by  placing  in  the  spaces  between  them  tbe  brass 
plugs  (S^  to  S5).  Evidently,  with  the  arrangement  shown  in  fig.  458,  only  a  minimal  part  of  the 
current  will  pass  through  the  nerve  (r,  d)^  owing  to  the  very  great  resistance  in  it,  while  by  Ur 
the  greatest  part  will  pass  through  the  good  conducting  medium  of  brass  (A,  L,  B).  If  new 
resistance  be  introduced  into  this  circuit,  then  the  a,  c,  d,  b  stream  will  be  strengthened.  Tbs 
resistance  can  be  introduced  into  the  latter  circuit  by  means  of  the  thin  wires  mai^  I  <?,  I  ^,  I  •% 
II,  V,  X.  Suppose  all  the  brass  plugs  fix>m  S^  to  S<  to  be  removed,  then  the  current  enteriB^  as 
A  must  traverse  the  whole  system  of  thin  wires.     Tnus,  there  is  more  resistance  to  tbe 
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50  that  the  current  through  the  nerve  must  be  strengthened.     If  only  one  brass 

>ut,  then  the  currenl  passes  through  only  the  cotresponding  length  of  wire.     The 

resistances  offered  by  the  different  lengths  of  nire  from  I  a 

r  to  X  are  so  arranged  that  I  a,!  i,  and  I  c  each  represents 

'  ..    .       -  .         ;  II,  double;  V,  five  times;  and  X. 

ice.     The  length  of  wire,  1  a,  can  also 

be  shortened  by  the  nwvable  bridg-e  (L)  [composed  of  a 

-^b    small  tube  filled  with  mercury,  through  vhich  the  wires 


Fig.  458.  Fig.  459- 

Fig.  458.-— Scheme  of  dn  Bois-Reymond's  rbeocofd.  Fig.  453. — Scheme  of  the  galvanometer. 
N,  N,  astatic  needles  suspended  by  the  silk  fibre,  C;  P,  F,  non-polarizable  electrodes,  con- 
taining zinc  mlphate  solution,  t,  and  pads  of  bloitii^- paper,  />,  covered  with  clay,  t,  I,  on 
which  ibe  muscle,  M,  is  placed ;  II  and  III,  arrangement  of  the  muscle  on  the  electrodes; 
IV,  non-polaiicabje  electrodes ;  Z,  zinc  wire;  K,  cork  ;  u ,  zinc  sulphate  solution ;  /, /,  clay 

pass], the  scalefx,^)iDdicatingtheleDgthof  the  reidstance  wires.  It  is  evident  that,  by  means  of 
the  bridge,  and  dy  the  method  of  nsii^  (he  brass  plugs,  the  apparatus  can  be  graduated  to  yield 
very  variable  currents  for  stimulating  nerve  or  muscle.  When  the  bridge  (L)  is  pushed  hard 
op  to  I   and  I,  the  cunenl  passes  directly  from  A  to  B,  and  not  through  the  thin  wires 

The  rheoBtat  is  anoEber  instnimeni  used  to  vary  the  resistance  of  a  galvanic  cun«Dl 
( IVheatsKmi). 

337.  ACTION  OF  THE  GALVANIC  CURRENT  ON  A  MAGNETIC 
NEEDLE— GALVANOMETER.— Id  1822,  Oersted  of  Copenhagen  found  tbat  a  mag- 
netic Qeedle,  lUipended  in  the  magnetic  meridian,  was  deflected  by  a  constant  current  of 
electricity  passed  along  aw'  ■■  ■       — 


a  wire  parallel  to  it.      [The  tide  to  which  the  north  pole  is  deflected 


otMerrer  be  placed  parallel  to  and  facing  the  needle,  and  if  the  current  be  passing  from  his  feet 
to  his  bead,  then  the  north  pole  of  the  needle  will  always  be  deflected  to  the  left,  and  Che  south 
pole  in  the  opposite  direction.  The  effect  exerted  by  the  constant  current  acts  always  in  a 
direction  towards  the  so-called  electro-magnetic  plane.  The  latter  is  the  plane  passing  through 
the  Dorth  pole  of  the  needle,  and  two  points  in  the  straight  wire  running  parallel  with  the 
needle.  The  force  of  the  constant  current,  which  causes  the  deflection  of  the  magnetic  needle, 
is  profKirtioDal  to  the  sine  of  the  angle  between  the  electro-magnetic  plane  and  the  plane  of 
TibraUon  of  the  needle. 

Multlplicator  or  Oalvanometer, — The  deflection  of  the  needle  caused  by  the  constant  cur- 
rent may  be  increased  by  ctnling  the  conducting  wire  many  times  in  the  same  direction  on  a 
44 
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rectangular  frame,  or  merely  around  and  in  the  same  direction  as  the  needle  [provided  that  cicb 
turn  of  the  wire  be  properly  insulated  from  the  other].  An  instrument  constructed  on  this  pin- 
ciple  is  called  a  multiplicator,  multiplier,  or  galvanometer.  The  greater  the  number  of  tens 
of  the  wire  the  greater  is  the  angle  of  deflection  of  the  needle,  although  the  deflecti(m  is  not 
directly  proportional,  as  the  several  turns  or  coils  are  not  at  the  same  distance  frocn,  or  io  the 
same  position  as,  the  needle.  By  means  of  the  multiplier  we  may  detect  the  presence  [ind  abo 
the  amount  and  direction]  of  feeble  currents.  Exp>erience  has  shown  that,  when  great  resistaoce 
(as  in  animal  tissues)  is  opposed  to  the  weak  galvanic  currents,  we  must  use  a  very  large  nomber 
of  turns  of  thin  wire  round  the  needle.  If,  however,  the  resistance  in  the  circuit  is  baismil., 
e,g.<t  in  thermo-electrical  arrangements,  a  few  turns  of  a  thick  wire  round  the  needle  arc  safficicit 
The  multiplier  may  be  made  more  sensitive  by  weakening  the  magnetic  directive  font  of  tk^ 
needle t  which  keeps  it  pointing  to  the  north. 

Oalvanometer  and  Astatic  Needles.— In  the  multiplier  of  Schweigger,  used  fbrpfa^ 
logical  purposes,  the  tendency  of  the  needle  to  point  to  the  north  is  greatly  weakened  by  rmg 

the  astatic  needles  of  Nobili.     [A  moltipUerer 
y  galvanometer  with  a  single   magnetic  needle  al- 

ways requires  comparatively  strong  currents  to 
deflect  the  needle.  The  needle  is  continoaDr 
acted  upon  by  the  directive  magnetic  influesce  d 
the  earth,  which  tends  to  keep  it  in  the  magDCtic 
I  meridian,  and,  as  soon  as  it  is  moved  oat  0^  tk 
^^  '        magnetic   meridian,  the   directive   action  of  tlK 

earth   tends   to   bring  it   back.     Hence,  such  1 
^^^.^^____^^^_^^_^^_._«— _«        simple  form  of  galvanometer  is  not  suffideodj  sec- 
^1  \j  ^^     sitive    for  detecting  feeble    currents.     In  1827, 

Flff  a6o  Nobili  devised  an  astatic  combination  of  needfes, 

^'  ^  whereby  the  action  of  the  earth's  magnetisin  «» 

Astatic  needles.  diminished.]     Two  similar  magnetic  needles  sie 

united  by  a  solid  light  piece  of  horn  [or  toitcR^e 
shell],  and  are  so  arranged  that  the  north  pole  of  the  one  is  placed  over  or  opposite  to  the  »ci^ 
pole  of  the  other  (fig.  459). 

[Fig.  460  shows  two  magnetic  needles  with  their  magnetic  axes  parallel  and  their  simile 
poles  pointing  opposite  ways,  forming  what  is  called  an  astatic  pair,  or  astatic  needles.  Ai 
the  earth's  attractive  force  on  the  N.  pole  of  one  needle  is  exactly  counterbalanced  by  its  repdlic; 
force  on  the  S.  pole  of  the  other  needle,  there  is  no  directive  force  to  cause  the  combinatHO  t- 
set  in  any  particular  position.] 

[If  both  needles  are  equally  magnetized,  then  the  earth's  influence  on  the  needle  is  neatFBii»'i 
so  that  the  needles  no  longer  adjust  themselves  in  the  magnetic  meridian ;  hence,  such  a  srstra 
is  called  astatic  (statum^  standing).]  As  it  is  impossible  to  make  both  needles  of  absdattlt 
equal  magnetic  strength,  one  needle  is  always  stronger  than  the  other.  The  difference,  hoverr, 
must  not  be  so  great  that  the  stronger  needle  points  to  the  north,  but  only  that  the  free^r 
suspended  sjrstem  of  needles  forms  a  certain  angle  with  the  magnetic  meridian,  into  which  pos 
tion  the  system  always  swings  afler  it  is  deflected  from  this  position.  This  angular  devistioa  o^ 
the  astatic  system  towards  the  magnetic  meridian  is  called  the  **  free  deviation.**  The  mxt 
perfectly  an  astatic  condition  is  reached,  the  nearer  does  the  angle  formed  by  the  direction  of  ibt 
free  deviation  with  the  magnetic  meridian  become  a  right  angle.  The  greater,  therefore,  tt' 
astatic  condition,  the  fewer  vibrations  will  the  astatic  system  make  in  a  given  time,  after  it  )m 
been  deflected  from  its  position.  The  duration  of  each  single  vibration  is  also  very  greaL  [Hens 
when  using  a  galvanometer,  and  adjusting  its  needle  to  zero,  if  the  magnets  dance  about  or  iso«? 
quickly,  then  the  system  is  not  sensitive,  but  a  sensitive  condition  of  the  needles  is  indicated  U 
a  slow  period  of  oscillation.] 

In  making  a  galvanometer,  the  turns  of  the  wire  must  have  the  same  direction  as  the  nee<5e^ 
In  Nobili's  galvanometer,  as  improved  by  du  Bois-Reymond,  the  upper  needle  swings  abo«  . 
card  divided  into  degrees  (fig.  459),  on  which  the  extent  of  its  deflection  may  be  read  oC  Evet 
the  purest  copper  wire  used  for  the  coils  round  the  needles  alwa3rs  contain  a  trace  of  iron,  whx^ 
exerts  an  influence  upon  the  needles.  Hence,  a  small  fixed  directive  or  compensatory  magnet  i* 
is  placed  near  one  of  the  poles  of  the  upper  needle  to  compensate  for  the  action  of  the  ircc  cc 
the  needles. 

328.  ELECTROLYSIS,  POLARIZATION,  BATTERIES.— Electrolysis.— E«t^ 
galvanic  current  which  traverses  a  fluid  conductor  causes  decomposition  or  electrolysis  of  the 
fluid.  The  decomposition-products,  called  "  ions,"  accumulate  at  the  poles  (electrodes)  in  '^ 
fluid,  the  positive  pole  ( -f* )  being  called  the  anode  [ava^  up,  66hq,  a  way],  the  negative  p^ 
(  — )  the  cathode  (/car^,  down,  66bq,  a  way).  The  anions  accumulate  at  the  anode  and  tfe 
kations  at  the  cathode. 

Transition  Resistance. — When  the  decomposition-products  accumulate  upon  the  electrodes 
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crease  or  dimiitish  the  resisltmce  lo  tbe  electrical  carreiit.    This 
If  (he  resistance  witlim  the  battery  is  thereby  increased,  the 
tnnsitiop  resistance  is  said  10  \x  pasilivt;  if  diminished,  ntgativt. 

Galvanic  Polarization. — Tbe  ions  accamulatcd  on  [he  electrodes  may  also  vary  the  strength 
of  the  current,  by  developing  between  the  anions  aod  kations  a  new  galvanic  current,  jnst  as 
dceins between  two  diffetecl  bodies  connected  by  a  fluid  medium.  This  pbenomenon  is  called 
(alvMiic  polaritation.  Thus,  when  water  is  decomposed,  the  electrodes  being  of  platinum, 
ilie  oxygen  (negarive)  accumulates  at  tbe  -f  pole,  and  the  hydrogen  (positive)  at  the  —  pole. 
Usially  the  polarisation  current  has  a  direction  opposili  to  the  original  current;  hence,  we  speak 
of  negative  polariiation.  When  the  two  currents  have  (he  same  direction,  positive  polari- 
sation obtains.  Of  course,  transition  resistance  and  polarization  may  occur  together  during 
electrolysis. 

Test  of  Polarization. — Folariiation.  when  present,  may  be  so  slight  as  not  lo  be  visible  to 
the  eye,  but  it  may  be  detected  thus  ;  After  a  lime  exclude  the  primary  source  of  the  current, 
especially  the  elemenl  connected  with  the  electrodes,  and  place  the  free  projecting  end  of  the 
dictrodes  in  connection  with  a  galvanometer,  which  will  at  once  indicate,  by  the  deflection  of 
iu  needle,  the  presence  of  even  the  slightest  polarization.  [Polarization  of  Electrodes. — 
By  means  of  copper  electrodes,  pass  a  constant  current  of  electricity  through  a  nerve  of  a  nerre- 
musde  preparation,  introducing  a  key  in  the  circuit.  After  three  minutes  remove  tbe  battery, 
and  open  and  close  the  key;  on  doing  so  the  muscle  will  contract,  owing  to  polarization  of  the 
electrodes.] 

Secondary  Decomposition  a The  ions  excreted  during  electrolysis  cause,  especially  at 

their  moment  of  formation,  secondaiy  decompositions.   With  platinimi  electrodes  in  a  solution  of 
common  salt,  chlorine  accumulates  at  the  anode  and 
sodium  at  the  cathode ;  but  the  latter  at  once  decom- 
poses the  water,  and  uses  the  oi^en  of  the  water  to 
oxidize  itself,  while  tbe  hydrogen  is  deposited  second- 
arily upon  the  cathode.    The  amoont  of  polarization 
increases,     although 
only  to  ■  slight  ex- 
tent,withthej/r'nifM 
b/  tht  currtnf,  while 
it   is   nearly  propor- 
tional to  the  increasf 
<,/  Iki  Umferaturc. 

NoD'iKilBrizable 
Electrodes.^  The 
attempts  to  get  rid  of 
polarization,  which 
obviously  must  very 

strength  of  tbe  gal- 
vanic  current,  have 
'   led  to  tbe  discovery 
of  two  important  ar- 
rangements, viz.,  the  y-     ^^ 
construction  of  eon-  " 
I   slant     galvanic  Outude  view  of  a  Grove's  cell, 
p-       r                              batteries,  and  Hon-       showing  platinum  (p)  and  zinc 
*'                                    polartzable  e  I  e  c-      plates  (z)  as  well  as  porous  pot 
Large  Grove's  cell.                   irodes  {du   Bois-       (v)  of  next  cell  in  series. 
Key  mend). 
Coiiat*nt  Batteries,  Elements,  or  Cells. — A  perfectly  constant  element  produces  a  con- 
int  current,  ('.  e.,  one  remaining  of  e<|Ual  strength,  by  the  ions  produced  by  the  electrodes 
"E  got  rid  of  the  moment  they  are  formed,  so  that  diey  cannot  give  rise  to  polarization.    For 
s  purpose,  each  of  the  substances  from  the  tension  series  used  is  placed  in  a  special  fluid 
336),  both  fluids  being  separated  by  a  porous  septum  (porcelun  cylinder), 
jrove'B  cell,  or  platinum-zinc  cells,  has  two  metals  and  two  l^uids  (tigs.  461,  462,  463). 
e  ziac  is  in  the  form  of  a  roll  placed  in  dilute  sulphuric  acid  [  i  acid  to  7  of  wato,  which  is 
taincd  in  a  glass,  porcelain,  or  ebonite  vessel].    The  platinum  is  in  contact  with  strong  nitric 
1,  [wbich  is  contained  in  a  porous  cell  placed  inside  the  roll  of  zinc]     The  O,  formed  by 
electrolysis  and  deposited  on  tbe  zinc  plate,  forms  zinc  oxide,  which  is  at  once  dissolved  by 
snlpfauric  acid.     The  hydrogen  on  the  platinum  unites  at  once  with  the  nitric  acid,  whit^ 
es  op  O  and  forms  nitrous  acid  and  water,  thus — 

[H,  -I-  HNO,  =  HNtX  -f  H.O.] 
[Platinum  il  the  4-  pole,  and  zinc  Uie  — .] 
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[Grove's  batteiy  is  very  powerful,  but  the  nitrous  fumes  are  very  diugreeable  *i>d  iniuii^; 
hence  these  elements  sbonld  be  kepi  in  a  special  well- ventilated  recess  in  tbe  labonuxf.mi: 
evapotBliog  chamber,  or  under  glass.     The  fumes  also  attack  instniments.    Tbe  E.ii.F,E   ; 
about  2  volts.] 

Tbe  zinc  plate  in  this  battery  is  generally  cast  in  tlie  form  of  a  U  and  is  generally  [dutd  li   ' 
an  ebonite  vessel  (EV)  (fig.  463).  I 

Bunsen's  cell,  or  carbon-zinc  cell  (fig.  464),  is  similar  to  Grove's,  only  a  piete  of  (ob. 
pressed  carbon  is  substituted  for  the  platinum  in  contact  with  the  nitric  aad.  The  E.  M.  f.  = 
1.9  volt. 

[The  carbon  is  tbe  -|-  pole,  tbe  zinc  tbe  — .] 

[DanieirB  cell  consists  of  an  outer  vessel  of  glass  or  earthenware,  and  sometimes  of  mnaSu 
copper,  filled  with  a  saturated  solution  of  cupric  sulphate  (fig.  465).  A  roll  of  coppH,]*! 
forated  with  a  few  holes,  is  placed  in  the  copper  solution,  and  in  order  that  the  latiei  be  Icpi 
saluraltii,  and  to  supply  the  place  of  the  copper  used  np  by  the  battery  when  in  action,  tbett  s 
a  small  shelf  on  the  c<q»er  rtril,  on  which  are  placed  crystals  of  cupric  sulphate.  A  ^on! 
earthenware  vessel  containing  zinc  in  contact  wilQ  dilute  sulphuric  acid  (1  :  7)  is  placed  nr'x 


Fig.  463.  Fig.  464. 

Fig.  463. — Vertical  section  through  s  Grove's  cell ;  /,  porous  pot;  EV,  ebonite  luatl. 
Fig.  464. — Outside  view  of  a  Bunsen  cell. 

the  copper  cylinder.  When  the  circuit  is  completed,  the  zinc  is  acted  on,  dnc  salpluac  brr; 
formed,  and  hydrogen  liberated.  The  hydrogen  m  tlatu  nntetndi  passes  throogh  tbe  poiw 
cell,  reduces  the  cnpric  sulphate  to  metallic  copper,  which  is  predpitated  on  the  copper  Cflii^- 
so  that  the  latter  is  always  kept  bright  and  clean.  The  liberated  sulphuric  acid  re{jam  A>  ~ 
contact  with  the  zinc.  Owing  to  the  absence  of  polariialioD,  the  Daniell  is  ooe  of  llw  B^ 
constant  batteries,  and  is  generally  taken  as  the  standard  of  ComparilOD.  Tbe  E.M.F.  = 
1.072  voh.] 

[The  copper  is  the  -|-  pole,  and  zinc  the  — .] 

[Smee's  cell  contains  only  one  fluid,  viz.,  dilute  sulphuric  add  (l :  7),  in  which  ik:* 
metala,  zinc  and  platinum,  or  zinc  and  platinized  silver,  are  placed.     The  E.  U.  F.  =^  47  ^ 
The  platinum  is  the  -)-  pole,  and  zinc  the  — .] 

[Oiennet'a  or  the  Bichromate  cell  consists  of  one  plate  of  zinc  and  two  platB  of  n^ 

Sressed  carbon  in  a  fluid,  containing  bichromate  of  potash,  sulpharic  add,  and  water.  Tb 
uid  consists  of  I  part  of  potassium  bichromate  dissolved  in  8  puts  of  water,  to  wind)  «e  ^- 
of  sulphuric  add  is  added.  Measure  hymtight.  The  cell  condsts  of  a  wide-mooAed  ^ 
bottle  (fig.  466) )   the  carbons  remain  in  the  fluid,  whDe  the  zinc  can  be  raised  or  depfSf' 
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Wbcn  DM  in  •ction,  the  zinc,  which  is  iltacbed  to  ■  rod  (B),  is  liAcd  oul  of  the  fluid.     It  is  oM 
1  ytry  conilant  battery.     When  m  action,  the  zinc  is  acted  on  by  the  sulphiuic  acid,  hydrogen 
bting  liberated,  which   reduces   the  bichromate  of  potash.     The 
£..\I.F.  =  t.Svoli. 

The  carbon  is  the  -f  pole,  and  Ihe  zinc  the  — .] 
[Lcclanchi's  cell  (tig.  467)  conasts  of  ao  outer  glass  vessel 
CDntuniag  zinc  in  a  solution  of  ammooium  chloride,  while  the 
porous  cell  contains  compressed  carbon  in  r  fluid  mixture  of  black 
ctide  of  manganese  and  carbon.  It  is  most  rre<juen(lT  used  for 
tlcclric  bells,  as  its  feeble  current  lasts  Tor  a  long  time.  The 
E.y.F.  =  1.48  volt. 

The  carbon  is  ihe  +  pole,  and  the  zinc  the  — .] 
[Noi-Dorffel  Thermo -Electric  Battery.— This  consists  of  a 
number  of  thermo-eteclric  junctions  of  German  siWer  and  an  alloy  Pig,  465. 

of  uilimonf  and   line  arranged  conceDiiicaily.    The  apparaEus  is  Danietl's  cell, 

buled  by  means  of  a  gas  flame  or  a  Bunsen  burner.    Twenty  ele- 

mcDis  in  a  baiiery  give  a  current  ei]ual  to  about  1.15  Tolls.     The  —  pole  is  conneded  with  the 
German  silver.] 

[Storage  Cell. — If  a  dynamo  be  available  storage  cells  may  he  used.     They  require  to  be 
charged  from  lime  (o  time,  from  the 
djnazno.] 

[The     kind     of    electricity 
jielded  by  all  these  batteries  is 


Fig.  466.  Fig.  467. 

g.  466. — Grennet's  cell.     A,  glass  vcMel ;    K,  K,  cirbon  ;  Z,  zinc  ;  D,  E,  binding  screws  for 

the    wires;    B,  rod  10  raise  the   zinc    from   the  fluid;    C,   screw  to  fii    B.     Fig.  467. 

Ledanchi's  cell.     A,  outer  vessel;    T,  porous  cylinder,  containing  K.carbon;    B,  binding 
screw;  Z,  dnc;  C,  binding  screw  of  negative  pole. 

oken  of  as  the  constant  current,  or  voltaic,  or  galvanic  electricity.] 

'WhcD  a  number  of  cells  are  ased,  and  it  is  desired  lo  obtain  a  strong  curxent  of  electridiy, 
'  cells  are  joined  in  aeries  (fig.  46S),  >'.;.,  the  positive  terminal  of  one  cell  is  joined  to  the 
[alive  of  ibe  neil,  and  so  on.     A  current  of  higher  potential  is  obtained  ir  several  elements 
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of   small  size  are  used,  but  if  a  large  quantity  of  electricity  is  required,  as  for  thenno-cantoj, 
use  elements  of  large  size.] 

Non-polarizable  Electrodes. — If  a  constant  current  be  applied  to  moist  aniiiul  ^es&a, 
e.g.t  nerve  or  muscle,  by  means  of  ordinary  electrodes  composed  either  of  copper  or  pbdnoo, 
of  course  electroljrsis  must  occur,  and  in  consequence  thereof  polarization  takes  place  (p.  691'. 

In  order  to  avoid  this,  ooo-poUreaUe 
electrodes  (figs.  459,  469)  are  osd. 
Such  electrodes  are  made  by  taktog  (tq 
pieces  of  carefully  amalgamated,  pifft 
zinc  wire  (2,  s),  and  dipping  these  in  1 
saturated  solution  of  sine  sulphate 
contained  in  tubes  (a,  a\  whose  love; 
ends  are  closed  by  means  of  modeUer's 
clay  (/,  /),  moistened  with  a6  per  cecL 
normal  saline  solution  or  water.  Be 
contact  of  the  tissues  with  these  elec 
trodes  does  not  give  rise  to  pobrtr. 
[The  brush  electrodes  of  t.  FlebchI 
are  very  serviceable  (fig.  470).  Tbe 
lower  end  of  the  glass  tube  is  pbcgtii 
with  a  camel-hair  pencil,  moisteaed  ^ 
modeller's  clay,  otherwise  the  arrangement  is  the  same  as  shown  in  fig.  459,  IV.] 

Arrangement  for  the  Muscle-  or  Nerve-Current. — In  order  to  investigate  the  electricil 
currents  of  nerve  or  muscle,  the  tissue  must  be  placed  on  non-polarizable  electrodes, 
which  may  either  be  one  of  the  forms  described  above  or  the  original  form  used  bjr  dn  Bois- 
Reymond  (fig.  459).  The  last  consists  of  two  zinc  troughs  (/,/),  thoroughly  amalgafflitei 
inside,  insulated  on  vulcanite,  and  filled  with  a  saturated  solution  of  rinc  sulphate  (^  i)-  Is 


Fig.  468. 
Two  simple  voltaic  cells  joined  in  series.     C,  copper ; 

Z,  zinc. 


Fig.  469. 


Fig.  470- 


Fig.  469. — Non-polarizable  electrode  of  du  Bois-Reymond.    Z,  zinc;  H,  movable  soppott; 
clay  point — the  whole  on  a  universal  joint     Fig.  470. — Brush  electrodes  of  v.  Fkisdl 


each  trough  is  placed  a  thick  pad  or  cushion  of  white  blotting-paper  (^,  b)  saturated  vitb  "^ 
same  fluid  [deriving  cushions].  [The  cushion  consists  of  many  layers,  almost  sofiideflt  *. 
fill  the  trough,  and  they  are  kept  together  by  a  thread.  To  prevent  the  action  of  the  dsc  si 
phate  upon  the  tissue,  each  cushion  is  covered  with  a  thin  layer  of  modeller*s  clay  (/,  /},  moid^ 
with  0.6  per  cent,  saline  solution,  which  is  a  gpood  conductor  [clay  guard].  The  day  go^- 
prevents  the  action  of  the  solution  upon  the  tissue.  Connected  with  the  electrodes  are  a  pur 
binding  screws  whereby  the  apparatus  is  connected  with  the  galvanometer  (fig.  459). 

[Reflecting  Galvanometer. — The  form  of  galvanometer,  used  in  this  country  for  pbp- 
logical  purposes,  is  that  of  Sir  William  Thomson  (fig.  471).  In  Germany,  Wiedemann's  fo«  ■» 
more  commonly  used.  In  Thomson's  instrument,  the  astatic  needles  are  very  light,  and  cr 
nected  to  each  other  by  a  piece  of  aluminium,  and  each  set  of  needles  is  surrounded  bf  1  Kpi 
rate  coil  of  wire,  the  lower  coil  (/)  winding  in  a  direction  opposite  to  that  of  the  upper  (*!  •'• 
small,  round,  light,  slightly  concave  mirror  is  fixed  to  the  upper  set  of  needles.  Tbeoefi^ 
are  suspended  by  a  delicate  silk  fibril,  and  they  can  be  raised  or  lowered  as  required  bf  seas;  -' 
a  small  milled  head.     When  the  milled  head  is  raised,  the  system  of  needles  swnigs  frte^ 
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Tbe  coiU  are  protected  by  a  glass  shade,  uod  the  wholff  Mauds  on  a  vulcanite  baie,  which 
ii  lodled  67  three  screws  (1, 1).    On  a  bras*  rod  (£)  is  a 
/tdile  magnet  f«),  which  is  uied  lo  give  an  aftifidal  meridian. 
Tbc  magnet   (in)   can  be  raised  or  lowered   by  means  of  a 
milled  head.] 

[Lamp  and  Scale. — When  the  instrument  is  to  be  used, 
place  it  w  thai  the  coils  face  east  and  west.  At  3  feet  distant 
fnim  the  front  of  the  galvanometer,  fadng  west,  is  placed  the 
limp  and  scale  (Gg.  473).  There  is  a  small  vertical  slit  in 
front  of  Ibe  lamp,  and  the  image  of  this  slit  is  projected  on  the 
mitror  attached  to  the  upper  needles,  and  h]>  it  is  rcHecled  on 
ro  ibe  paper  scale  fixed  just  above  the  slit.  The  spot  of  light 
i)  foCDued  at  icro  by  means  of  the  magnet,  m.  The  needles 
ire  moit  sensitive  when  tbe  oscillations  occur  slowly.  The 
ieiuiliTeness  of  the  needles  c>n  be  regulated  hy  means  of  the 
mignct.  In  every  caae  the  instrumeot  musi  be  quite  level, 
mi  tor  this  purpose  there  is  a  small  spirit-level  in  the  base  of 
At  galvanometer.] 

[31)uat. — As  ie  galvanoroeler  it  very  delicate,  it  is  con- 
vtoient  to  have  a  sbant  to  r^rnlate  lo  a  certain  extent  the 
amount  of  electricity  transmitted  through  the  galvanometer 
(%.  «73).  The  shunt  consists  of  ■  brass  box  containing  coils 
of  German  mtver  wire,  and  is  constructed  on  the  same 
priticiph  as  resistance  coils  of  the  rheocord  (J  3z6).  On 
ihe  upper  aarlitce  of  the  box  are  several  plates  of  brass 
lepuated  fixim  each  other,  like  those  of  ihe  rheocord,  but 
vbich  can  be  united  hy  brass  plugs.  Tbe  two  wires  wining 
hnm  Ihe  electrodes  are  connected  with  the  iwo  tuiiding 
screws,  and  from  the  latter  two  wires  are  led  to  the  outer 
Iwo  binding  screws  of  the  galvanometer.  By  placing  a  plug 
between  the  brass  plates  attached  to  the  two  oindiiig  screws 
in  the  figure,  ihe  current  is  short- circuited.  On  removing 
both  plugs,  the  whole  of  the  current  must  pass  through  tbe 
galvaitomeler.  If  one  plug  t>c  placed  between  the  central  disc  ' 
of  bnas  and  ibe  plate  marlced  J  (the  other  being  left  out),  Fig-  47'- 

iben -^  of  thecuirent  goes  through  tbegalvanometerandAths  Thomson's  reflecting  galvano. 
to  the  electrodes.  If  Uie  ping  be  placed  as  shown  in  Ihe  figure  meter,  u,  upper,  /,  lower 
oppoaile  ,>j  then  ligtb  of  the  current  goes  to  Ihe  galvaoometci,  coil ;  r,j,  levelling  screws;  m, 
while  iV**^  "^  shott-circDited.  If  the  plug  be  placed  oppo-  magnet,  on  a  brass  support,  *. 
»rte  ,1,.  only  uf^jf^  part  goes  through  Ihe  galvanometer.] 

Internal  Polarization  of  Moist  Bodies.— 
vegetables  and  auimals,  librin,  and  other  simil. 
with  flaid,  exhibit  the  phenomena  of  polaiiialion  when  suD 
lected  to  strong  currents — a  condition  termed  internal  polari- 
ratioD  of  moist  bodies  by  du  Bois-Reymond.  Il  ia  assumed 
that  the  solid  parts  in  the  interior  of  these  bodies  which  are 
i>elteT  condnctors  produce  electrolysis  of  the  adjoining  fluid, 
U«  like  metab  in  contact  with  fluid.  The  ions  produced  by 
be  decomposition  of  the  internal  fluids  give  rise  10  dilTerences 
>r  potential,  and  thus  cause  internal  polarization  ({  333]. 

Cataipboric  Action. — If  the  two  electrodes  Iram  a  galvanic 
latteiy  be  placed  in  tbe  two  comportments  of  a  fluid,  sepaiated 
rom  each  other  by  a  porous  septum,  we  observe  that  the  fluid 
larticles  pass  in  the  direction  of  the  galvanic  current,  from 
be  -f-  to  the  —  pole,  so  that  after  some  lime  the  fluid  in  the  | 
oe  bait  of  tbe  vessel  increases,  while  it  diminishes  in  the 
thcT.  The  phenomena  of  direct  transference  were  called  by 
u  BcuE-ReyiDOIld  ihe  ca/afiioric  action  of  the  conilaHl  airrtnl. 
'he  introduction  of  dissolved  substances  through  the  skin  by  ^'E-  47'- 

teans  of  a  constant  cuirent  depends  upon  this  action  (|  2S9),  Lamp  and  scale  for  Tliomson's 
nd   so   does   tbe   so-called  Porret's  phenomenon  in  living  galvanometer. 

inscle  (S  293t  '.*)■ 
External  Secondary  Rcaiatance. — This  condition  also  depends  on  cataphoric  action.     If 
le  coppei  electroiles  of  a  conslaut  batlery  be  placed  in  a  vessel  filled  with  a  solution  of  cupric 
ilphate,  and  from  each  electrode  there  project  a  cushion  saturated  with  this  fluid,  then,  on 
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pluiuK  B  piece  of  muscle,  caitil age,  vegetable  tisnie,  or  even  a  priaoatic  Miip  of  oo^ilwd 
albumin  across  these  cushions,  we  observe  ihatiVeiy  soon  aRcr  the  circuit  is  doaed,  tbere  k  ■  ob- 
siderable  variation  of  the  cun-enl.  If  the  direction  of  the  carrenl  be  reversed,  it  fit«  ticcooa 
stronger,  but  afterwards  diminishes.  Bf  constantly  alteting  the  direction  of  the  cunnl  n 
cause  the  same  changes  in  the  inlenuly.  If  a  priKmalic  Btiip  of  coagulated  altnmin  benstdb 
the  experiment,  we  observe  that,  si multsneously  with  the  enfeeblemenl  of  the  cnrrealml^ 
neighborhood  of  the  -|-  pole,  the  albumin  loses  water  and  becomes  more  sfaitvelled,  wink  H  Ik 
—  pole  (he  albumin  is  twollen  up  and  contains  more  water.  Uibc 
direction  of  the  current  be  altered,  the  phenomeOa  are 
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Fig-  473-  f^B-  474- 

Fig.  473- — Shunt  for  galvanometer.     Fig.  474. — Induced  currents  in  sltaighl  parallel  d 
circuits.     B,  battery;  K,  key;  F,  S,  primary  and  secondary  drcnita ;  G,  galvanamctcr. 

The  shrivelling  and  removal  of  water  in  the  albomin  at  the  positive  pole  must  be  the  aclttl 
the  le^stance  in  the  circuit,  which  explains  the  enfeebleiocnt  of  the  galvanic  cunoiL  Tlw 
phenomenon  is  called  "external  secondary  resistance"  (Ju  Bois-Rtyritffmi). 

[Induced  currents  In  ■  closed  sccondaiy  circuit. — Suppose  the  parallel  sraigtt  wiiBU 
be  joined  up,  as  shown  in  fig.  474.  (i)  Close  the  primary  circuit  (P),  by  puttii^  down  iheUj 
( K).  A  momcDtary  current  ii  induced  in  the  appetiti  dittcHen  in  the  secondary  dicat  (S. 
(l)  Suddenly  increase  the  current  by  switching  in  one  or  more  Cells,  and  again  a  momeaLuy  a- 
verse  current  is  observed  in  the  secondary.  (3]  Break  the  current  in  the  primary  coil  byniac^ 
the  key  (K).  A  momentary  direct  current,  i.  e.,  one  in  the  same  direction,  is  induced  ia  tb 
secondary  circuit;  and  (4)  the  same  result  is  oblained  tiy  suddenly  diminishing  the  cunM  1: 
the  primary  (by  switching  out  one  or  more  cells). 

necisely  the  same  results  are  obtained  with  two  closed  spirals  or  selenoidal  coils  of  wire,  o^i 
the  induced  currents  will  be  stronger ;  and  the  effects  will  be  made  still  stronger  by  pmrag  ■ 
piece  of  soft  iron  into  the  heart  of  etch  coil. 

Table  of  Induction  Current*  {Jamieton). 


By  ( 1 )  Approach  (o  primary. 
"   (2)  •SCar/tnj' primary  current. 

"   {3)  /'»c'''ii'i«f  primary  current 


fij  WilkdravmlimtB^Viarj. 
(Z)  Stopping  primary  cuirenL 
(3)  Decreasing  primary  chikdl] 


319.  INDUCTION— EXTRA-CURRENT  — HAOHBTIC-INDUCTION.-Ie- 
duclion  of  the  Extra-Current. — If  a  galvanic  element  is  closed  by  means  of  a  shot  an  et 
wire,  at  the  moment  the  circuit  is  again  opened  or  broken,  a  slight  qnrk  is  obtctved.  If,  hu*- 
ever,  the  circuit  is  made  or  closed  by  means  of  a  very  long  wire  rolled  in  a  coO,  then  v  Irak 
ing  the  circuit  there  is  a  strcitg  spark.  If  the  wires  be  connected  with  two  electrodes,  30  But  1 
person  can  hold  one  in  each  hand,  the  current  at  the  moment  it  is  opened  must  p*K  tbronfh  ili; 
person's  body;  then  there  is  a  violent  shock  communicaled  10  the  hand.  This  pbeBomescB  » 
due  to  a  current  induced  in  ihe  long  spiral  of  wire  which  Faraday  called  the  eztn-carrest-  C 
is  caused  thus  :  When  the  ciicutt  is  closed  by  means  of  the  spiral  wire,  the  galvanic  or^ 
passing  along  it  excites  or  induces  an  electric  cmrent  in  the  adjoining  coils  of  the  sane  ^w*!- 
Al  the  moment  of  closing  or  making  the  circuit  in  the  spiral,  the  induced  current  is  in  the  a(fi» 
site  direction  lo  the  galvanic  current  m  the  drcnit ;  hence  its  strength  is  lessoied,  and  it  case 
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no  shock.     At  the  moment  of  opening,  however,  the  induced  current  has  the  same  direction  as 
the  galvanic  stream,  and  hence  its  action  is  strengthened. 

Magnetization  of  Iron  by  the  Galvanic  Current. — If  a  rod  of  soft  iron  be  placed  in  the 
cavity  of  a  spiral  of  copper  wire,  then  the  soft  iron  remains  magnetic  as  long  as  a  galvanic  cur- 
rent circulates  in  the  spiral.  If  one  end  of  the  iron  rod  be  direaed  towards  the  observer,  and  the 
other  away  from  him,  and  if,  further,  the  positive  current  traverse  the  spiral  in  the  same  direc- 
tion  as  the  hands  of  a  clock,  then  the  end  of  the  magnet  directed  towards  the  person  is  the 
negative  pole  of  the  magnet.  The  power  of  the  magnet  depends  upon  the  number  of  spiral 
windings  and  on  the  thickness  of  the  iron  bar.  As  soon  as  the  current  is  opened,  the  magnetism 
of  the  iron  rod  disappears. 

Induced  or  Paradic  Current. — If  a  very  long,  isolated  wire  be  coiled  into  the  form  of  a 
spiral  roll,  which  we  may  call  the  secondary  spiral,  and  if  a  similar  spiral,  the  primary  spiral, 
be  placed  near  the  former,  and  the  ends  of  the  wire  of  the  primary  spiral  be  connected  with  the 
poles  of  a  constant  battery,  every  time  the  current  in  the  primary  circuit  is  made  (closed) »  or 
broken  (opened),  a  current  takes  place,  or,  as  it  is  said,  is  induced  in  the  secondary  spiral. 
If  the  primary  circuit  be  kept  closed,  and  if  the  secondary  spiral  be  brought  nearer  to,  or 
removed  further  from,  the  primary  spiral,  a  current  is  also  induced  in  the  secondary  spiral 
(Faraday ^  1^3 2).  The  current  in  the  secondary  circuit  is  called  the  induced  or  Paradic  cur- 
rent. When  the  primary  circuit  is  closed^  or  when  the  two  spirals  are  brought  nearer  to  each 
other,  the  current  in  the  secondary  spiral  has  a  direction  opposite  to  that  in  the  primary  spiral, 
while  the  current  produced  by  opening  the  primary  circuit,  or  by  removing  the  spirals  further 
apart,  has  the  same  direction  as  the  primary.  During  the  time  the  primary  circuit  is  closed,  or 
when  both  spirals  remain  at  the  same  distance  from  each  other,  there  is  no  current  in  the  secon- 
dary spiral. 

Difference  between  the  Opening  [break]  and  Closing  [make]  Induction  Shocks. — 
[Every  time  the  current  is  made  or  broken  in  tne  primary  circuit  a  shock  is  induced  in  the  sec- 
ondary circuit.  The  induced  shock  is  called  the  make  and  the  other  the  break  induction 
shock.]  The  opening  and  closing  shocks  induced  in  the  secondary  spiral  are  distinguished 
from  each  other  in  the  following  respects  (fig.  475) :  The  amount  of  electricity  is  the  same  dur- 
ing the  opening  as  during  the  closing  shock,  but  during  the  opening  shock  the  electricity 
rapidly  reaches  its  maximum  of  intensity  and  lasts  but  a  short  time,  while  during  the  closing 
shock  it  gradually  increases,  but  does  not  reach  the  high  maximum,  and  this  occurs  more 
slowly.  (In  fig.  475,  Px  ^°^  ^o  ^"^  ^^^  abscissae  of  the  primary  (inducing)  and  induced  cur- 
rents  respectively.  The  vertical  lines  or  ordinates  represent  the  intensity  of  the  current,  while 
the  length  of  the  abscissa  indicates  its  duration.  Curve  i  indicates  the  course  of  the  primary 
current,  and  2,  that  in  the  secondary  spiral  (induced)  when  the  current  is  closed^  while  at  I  the 
primary  current  is  suddenly  opened,  when  it  gives  rise  to  the  induced  current,  4,  in  the  secondary 
spiral.]  The  cause  of  the  difference  is  the  following :  When  the  primary  circuit  is  made  or 
closed^  there  is  developed  in  it  the  extra-current,  which  is  opposite  in  direction  to  the  primary 
current.  Hence,  it  opposes  considerable  resistance  to  the  complete  development  of  the  strength 
of  the  primary  current,  so  that  the  current  induced  in  the  secondary  spiral  must  also  develop 
slowly  [thus  the  make  induction  shock  is  weakened].  But  when  the  primary  spiral  is  broken 
or  opened^  the  extra-current  in  the  latter  has  the  same  direction  as  the  primary  current — there  is 
DO  extra  resistance.  [Hence  the  break  induction  shock  is  stronger  than  the  make.]  The 
rapid  and  intense  action  of  the  break  or  opening  induction  shock  is  of  great  physiological  im- 
portance. 

Break  or  Opening  Shock. — [On  applying  a  single  induction  shock  to  a  nerve  or  a 
muscle,  the  effect  is  greater  with  the  break  or  opening  shock,  t.  ^.,  the  break  is  stronger  than 
the  msike  induction  shock.  If  the  secondary  spiral  be  separated  from  the  primary,  so  that  the 
induced  currents  are  not  sufficient  to  cause  contraction  of  a  muscle  when  applied  to  its  motor 
nerve,  then,  on  gradually  approximating  the  secondary  to  the  primary  spiral,  the  bi^eak  or 
opening  shock  will  cause  a  contraction  before  the  closing  one  does  so.] 

Helmholtz's  Modification. — Under  certain  circumstances,  it  is  desirable  to  equalize  the 
make  and  break  shocks.  This  may  be  done  by  greatly  weakening  the  extra-current,  which 
may  be  accomplished  by  making  the  primary  spiral  of  only  a  few  coils  of  wire.  V.  Helmholtz 
accomplishes  the  same  result  by  introducing  a  secondary  circuit  into  the  primary  current.  By 
this  arrangement  the  current  in  the  primary  spiral  never  completely  disappears,  but  at  alternate 
making  and  breaking  this  secondary  circuit  where  the  resistance  is  much  less  it  is  alternately 
iveakened  and  strengthened. 

[Id  fig.  476  a  wire  is  introduced  between  a  and  /,  while  the  binding  screw  /  is  separated  from 
the  platinnm  contact,  r,  of  Neef  s  hammer,  but  at  Uie  same  time  the  screw,  d^  is  raised  so  that  it 
nearly  touches  Neef  s  hammer,  so  that,  when  the  hammer  is  attached,  c  touches  d.  The  current 
passes  from  the  battery,  K,  through  the  pillar,  a,  to  f  in  the  direction  of  the  arrow,  through  the 
primary  spiral,  P,  to  the  coil  of  soft  wire,  g,  and  back  to  the  battery,  through  h  and  e.  But  g  is 
magnetized  thereby,  and  when  it  is  so,  it  attracts  c  and  makes  it  touch  the  screw  d.    Thus  a 
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secondary  circuit,  or  short  circuit,  is  formed  through  a^  b,  c^  d,  e^  which  weakens  the  corrnu 
passing  through  the  electro-magnet,  g,  so  that  the  elastic  metallic  spring  flies  up  again  and  the , 
current  through  the  primary  -spiral  is  long-circuited,  and  thus  the  process  is  repeated.  [Tke 
break  shock  in  the  secondary  coil  is  due  to  the  weakening-  of  the  current  in  the  primarj  col 
when  the  latter  is  short-circuited.  Consequently  an  extra-current,  having  a  direction  rerene  b 
that  in  the  primary  current,  is  induced  in  the  primary  coil ;  when  the  shock  is  made,  die  break 
shock  is  reduced  in  strength  and  becomes  nearly  equal  to  the  make  shock.  In  fig.  475  the  lise 
I  and  7  indicate  the  course  of  the  current  in  the  primary  circuit  at  closing  (a),  and  opening  < 
It  must  be  remembered  that  in  this  arrangement  there  is  always  a  current  passing  throogh  the 
primary  spiral  P  (fig.  476).  The  dotted  lines  6  and  8,  above  and  below  Sq,  rq)resent  the  oovx 
of  the  opening  {a\  and  closing  shocks  (e)  in  the  secondary  spiral.  Even  with  this  arrangemec: 
the  opening  is  still  slightly  stronger  than  the  closing  shock*]  The  two  shocks,  however,  but 
be  completely  equalized  by  placing  a  resistance  coil  or  rheostat  in  the  short  circuit,  which  in 
creases  the  resistance,  and  thus  increases  the  current  through  the  primary  spiral  when  the  dwn 
circuit  b  closed. 

[Extra-current  with  Helmholtz's  Arrangement.— An  extra-current  is  induced  m  tix 
primary  coil  both  at  make  and  break  of  the  primary  circuit.  This  extra-current  may  be  led  cfl 
and  used  for  stimulating  by  connecting  electrodes  with  </and/I] 

Unipolar-Induction. — When  there  is  a  very  rapid  current  in  the  primary  spiral,  not  ooW  li 
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Fig.  475. — Scheme  of  the  induced  currents.  P.,  abscissa  of  the  primary  and  S^  of  the  seooodry 
current;  A,  beginning,  and  E,  end  of  the  mducing  current;  I,  curve  of  the  primary  earns 
weakened  by  an  extra-current;  3,  where  the  primary  current  is  opened;  2and4,ccrT^ 
sponding  currents  induced  in  the  secondary  spiral;  P.,  height,  1.  ^.,  the  strength  of  the  r-- 
stant  inducing  current;  5  and  7,  the  curve  of  the  inducing  current  when  it  is  opened  vsi 
closed  during  Helmholtz's  modification ;  6  and  8,  the  corresponding  currents  induced  in  tb; 
secondary  circuit.  Fig.  476. — Helmholtz's  modification  of  Neef 's  hammer.  As  long  as 
is  not  in  contact  with  d^g  h  remains  magnetic ;  thus  c  is  attracted  to  d  and  a  secondary  c 
cuit,  a,  by  c,  dy  e'ls  formed ;  c  then  springs  back  again,  and  thus  the  process  goes  oc.  A 
new  wire  b  introduced  to  connect  a  with/.     K,  battery. 

there  a  current  induced  in  the  secondary  spiral,  when  its  free  ends  are  closed,  ^.^.,  by  hcs^ 
connected  with  an  animal  tissue,  but  there  is  also  a  current  when  one  wire  is  attached  to  t  btaf 
ing  screw  connected  with  one  end  of  the  wire  of  the  secondary  spiral  (p.  681).  A  musckofi 
fi'og's  leg,  when  connected  with  this  wire,  contracts,  and  this  is  called  a  unipolar  inducei 
contraction.  It  usually  occurs  when  the  primary  circuit  is  opened.  The  occnrreoce  of  tb«« 
contractions  is  favored  when  the  other  end  of  the  spiral  is  placed  in  connection  with  the  gioc :. 
and  when  the  frog's  muscle  preparation  is  not  completely  insulated. 

Magneto-Induction. — If  a  magnet  be  brought  near  to,  or  thrust  into  the  interior  of,  a  ex 
of  wire,  it  excites  a  current,  and  also  when  a  piece  of  soft  iron  is  suddenly  rendered  magnetic 
suddenly  demagnetized.  The  direction  of  the  current  so  induced  in  the  spiral  is  exacth  tk« 
same  as  that  with  Faradic  electricity,  x.  e.^  the  occurrence  of  the  magnetism,  on  Mppncnim^^ 
the  spiral  to  a  magnet,  excites  an  induced  current  in  a  direction  opposite  to  that  supposed  10  cr 
culate  in  the  magnet.  Conversely,  the  demagnetization,  or  the  removal  of  the  ^ral  froo  tst 
magnet,  causes  a  current  in  the  same  direction. 

Acoustic  Tetanus. — If  a  magnet  be  rapidly  moved  to  and  fro  near  a  spiral,  wbidi  caaesc 
be  done  by  fixing  a  vibrating  magnetic  rod  at  one  end  and  allowing  the  other  end  to  swing  6c^: 
near  the  spiral,  then  the  pitch  of  the  note  of  the  vibrating  rod  gives  us  the  rapidity  of  the  i»i»** 
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liaa  ibocks.     If  >  rrog'i  Dcrve-muscle  preparaliini  be  stimulated,  we  gel  whM  CrossmuiD  called 
"  Bcoostic  tetuiui." 

330.  DU  BOIS-REYMOND'S  INDUCTORIUM  — MAGNETO-INDUCTION 
APPARATUS, — The  inductorium  of  du  Boit-Reymond,  which  iioied  for  ph7aiol<^cal 
puipose*,  15  a  modifK^tioQ  of  the  magDeto-electrotnotor  appantui  of  Wigner  and  Neef.  A 
Kheme  of  the  apparatus  is  given  in  fig.477.  D  represents  the  galvanic  bslteiy.  The  wire  from 
the  poutive  pole,  a,  possei  to  a  metallic  column,  S,  which  has  a  horizontal  vibrating  apring,  F, 
UUched  lo  ia  ni^r  end.  To  (he  outer  end  of  (he  spring  a  square  piece  of  iron,  e,  is  attached. 
The  middle  pcunt  of  the  upper  surface  of  the  spring  ||coTered  with  a  little  piece  of  platinum]  is 
in  omtact  with  a  movable  screw,  i.  A  moderately  thick  copper  wire,  c,  passes  from  the  screw, 
i,  to  the  primary  spiral  or  coil,  x,  x,  which  contains  in  its  interior  a  number  of  pieces  oF  sofi 
itop  wire,  I,  ■',  coTcied  with  an  insulating  varnish.  The  copper  wire  which  surrounds  the  primary 
iphal  is  covered  with  lillf.  The  wire,  d,  is  conlmued  from  the  primary  spiral  lo  a  Aorst-thot 
jMece  of  soft  iron,  H,  around  which  it  is  coiled  spirally,  and  from  (hence  it  proceeds,  at  /,  back 
IDIhe  Dc^ative  pole  of  the  battery,  g.  When  the  current  in  this  drcoit— Called  the  primary 
circuit — is  closed,  the  following  effects  ore  produced:  The  horae-ahoe,  H,  becomes  magnetic, 
in  conieqnence  of  which  it  attracts  (he  movable  sraing  or  Neef's  hammer,  e,  whereby  the  contact 
of  the  (pring,  F,  with  the  ktcw,  b,  ii  brolcen.     Thus  the  current  is  broken,  (he  hone-shoe  is 


*""«.  477- 
[.  Scheme  of  da  Bois-Reymond's  sledge  induction  machine.  D.  galvanic  battery;  a,  wire  from 
-|-  pole,  (g)  —  pole  ;  S,  brass  upright ;  F.  clastic  spring  ;  i,  tnoding  screw ;  c,  wire  round 
primary  spiral  (x,  x),  containing  (i,  1")  soft  iron  wire ;  K,  K,  secondary  spira],  with  board 
( /,  /)  on  which  it  can  be  moved  ;  H,  soti  iron  magnetiicd  1^  current  (d,f)  passing  round 
it.  II,  key  for  secondary  circuit,  as  shown  it  is  shon-circuited.  Ill,  electrodes  {r,  r),  with 
a  key  (K)  for  breakiog  the  circuit. 

lemagnetiied,  (he  spring,  e,  is  liberated,  and  being  elas(ic,  it  springs  upward  again  to  its  original 
o«ition  in  contact  with  6,  and  thus  the  current  is  re-established.  The  new  contact  causes  H  to 
<  renuignctized,  so  that  it  must  alleniately  rapidly  attract  and  liberate  the  spring,  t,  whereliy  the 
>riinsi7  current  is  rapidly  made  and  broken  between  F  and  b. 

A  secondary  spiral  or  coil  (K,  K)  is  placed  in  the  same  direction  as  (he  primary  {x,x),  but 
aving  DO  connection  with  it.  It  moves  in  grooves  upon  a  long  piece  of  wood  (/,/).  The 
xonAaxj  spiral  consisu  of  a  hollow  cylinder  of  wood  covered  with  numerous  coils  of  thin  silk- 
jvered  wire.  The  secondary  spiral,  moving  in  slots,  can  be  approiimatcd  lo  or  even  pushed 
itirely  o»er  the  primary  spiral,  or  can  be  removed  from  it  to  any  distance  desired. 

SFig.  47E  shows  (he  actual  arrangement  of  du  BoiB-Rejfnond'B  inductorium.  The  primary 
I  (R'}  consists  of  about  150  or  even  400  coils  of  thick  insulated  copper  wire,  the  wire  being 
iclc  to  offer  slight  resistance  to  ihe  galvanic  current,  the  resistance  being  equal  to  about  1.5 
nn.  The  secondaiy  coil  (R'")  consists  of  6000  or  izooo  turns  of  thin  insulated  copper  wire 
ranged  on  a  wooden  bobbin.  The  resistance  is  equal  to  about  1350  ohms.  The  whole  spiral 
in  be  moved  along  ihe  baud  (B)  to  which  a  millimetre  scale  (1)  is  attached,  so  that  the  dis- 
nce  of  the  secondary  from  the  primary  spiral  may  be  ascertained.  At  the  left  end  of  the  ap- 
iratus   is  Wagner's  bammer,  as  adapted  by  Neef,  which  is  an  automatic  arrangement  for 
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opening  aod  breaking  the  pdmBcy  circuit.  Wben  Ne«f' a  ham 
the  battery  are  connected  ts  b  the  figure;  but  when  single  B 
from  the  ballety  are  cannecled  with  a  key,  and  this  agiun  with  Ih 
tpiml,  S"  and  S"'.  In  the  improved  form  of  this  Hppwatns  (f 
equipoised  over  a  pulley  with  a  back  weight,  so  that  it  can  move 
and  from  the  piimary  spiral.     A.  de  Watteville  has  used  ■  fonn  s 

According  to  the  law  of  induction  (}  3!?),  when  the  primary 
induced  in  the  secondary  circuit  in  a  direction  the  rrverse  of  thai 
is  opened,  the  induced  current  has  the  samt  direction.  Furt 
magneto-induction,  the  magnetization  of  the  iron  rods  (t,  >')  wil 
cau&u  a  revirse  current  in  the  secondary  spiral  (K,  K],  while  lb 
rods,  on  opening  the  primary  circuit,  causes  an  induced  current  : 
we  explain  the  much  more  powerful  action  of  the  opening  or  brei 
closing  or  make  shock  (p.  697).  [The  direction  of  the  indWii 
while  the  direction  of  the  induced  currents  are  constantly  n\ 

The  magneto -induct  ion  (R)  apparatus  of  Pixii,  as  improvet 
powerful  horse-shoe'  steel  magnet  (hg.  4S0).  Opposite  its  two  p 
shaped  piece  of  iron  (H),  which  rotates  on  a  horiumtal  axis 
[a,  i).  On  the  ends  of  the  horse-shoe  are  fixed  wooden  bobUns 
(1:,  d),  with  an  insulated  wire  coiled  round  them.  When  the 
horse-shoe  is  at  rest,  as  in  the  figure,  it  becomes  magnetized 
by  the  steel  magnet,  while  in  (he  wires  of  both  bobbins  (c  and 
d)  an  electric  current  is  developed  every  time  the  hone-shoe 
is  demagnetized  and  again  magnetized.  When  the  bobbins 
rotate  in  front  of  the  magnet  as  each  coil  approaches  one  pole, 
a  current  is  ittdnced,  and  similarly  when  it  is  Carried  past  the 
pole  of  the  magnet,  so  that  four  currents  are  induced  in  each 
coil  bjr  a  single  rotation.  By  means  of  StOhrer'i  commutator 
(m,  n)  attached  to  the  spindle  {a,  t),  and  the  divided  metal 
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Fig.  478. — Induction  apparatus  of  du  Bois-Reymond.  R',  prim; 
board  on  which  R"  moves  ;  I,  scale;  -f  — ,  wirea  from  litter 
hammer;  B',  electro  magnet;  5',  Unding  screw  touching  tl 
3"',  Wnding  screws  10  which  to  attach  wires  where  Neef 's  h 
479- — New  form  of  du  Bois-Reymond's  indnctorium. 

plates  t^y,  t)  which  pau  to  the  electrodes,  the  two  currents  induce 
in  the  same  direction. 

Keys,  or  arrangements  for  opening  or  closing  a  circuit,  are  of  1 
a  scheme  of  the  friction  key  of  du  Bois-Reymond,  introduced  1 
consists  of  two  brass  ban  (>  and  y)  fixed  to  a  plale  of  ebonite,  an 
on  the  metal  bridge  (y,  r,  i)  it  is  "  ihort- circuited,"  1,  e,,  the  ( 
the  thick  brass  bars  that  none  of  the  current  goes  through  the  win 
key.  When  the  bridge  (r)  is  lifted  the  current  is  opened.  [Fij 
key,  V  being  a  screw  wherewith  to  clamp  it  to  the  table.]     Sim 
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mij  be  Died,  the  curreol  bdog  made  as  »)oo  as  Ihe  spring  connecting-ptaie  (t)  [g  raised  by 
pressing  upoD  i.  Tbis  iDstrunkent  is  opened  by  ihe  hand ;  <i,  #  ue  the  wires  from  ihe  battery  or 
indoction  mocbine ;  r,  r,  (hose  going  to  the  tissue;  G,  Ihe  handle  of  Ihe  inslniment. 

[Plug  Key—Other  kynna  of  keys  ate  in  use.  <.  g.,  fig.  481,  the  plug  key.  the  two  brass  plates 
to  which  the  wires  are  attached  being  fixed  on  a  plate  of  ebonite.    The  brass  plug  is  used  to 


Fig.  480. 
Magnelo-indliction  appantni,  with  SlOhrer'i 


Fig.  481. 
Du  Boii-Reymond's  liiction  key. 


connect  the  two  t»sa«  plates.  AH  these  are  dry  contacts,  but  sometimes  a  fluid}  contact  is 
used,  u  in  the  mercury  key,  which  metety  consists  of  a  block  of  wood  with  a  cup  of  mercury 
in  its  centre.  The  ends  of  the  wires  fiom  the  bMlcr;  dip  inio  the  mercniy;  when  botb  wires 
dip  inlo  the  mercnry  the  drcuit  is  made,  and  when  one  is  out  it  is  broken.] 


^ 


fig.  482.  Fig.  483. 

Fig.  482. — Plug  key.  Fig.  483.— Capillary  contact,  e,  vibrating  platinum  style  »djastable 
by  y  and  g  and  dipping  into  mercury  at  a  ;  i,  bent  tube  lilled  with  mercury,  into  which 
dips  >  wire  {d) ;  a,  opening  in  cross  tube  (1-}. 

[Capillary  Contact  Key. — Where  an  ordinary  mercury  key  is  uaed  10  open  and  close  Ihe 
primary  circnit,  the  layer  of  oiide  formed  on  the  surface  by  the  opening  spark  dislurlu  (he  con- 
duction after  a  short  time;  bence,  it  is  adn  sable  to  wub  the  surface  of  the  mercDry  with  a  dilute 
sointioa  of  alcohol  and  water,  A  handy  form  of  "  capillary  contact "  is  shown  in  iig.  483,  mch 
as  was  used  by  Kronecker  and  Stirling  in  tbeir  eipenmenta  on  the  heart.     A  glass  f-tube  is 
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provided  at  the  crossing  point  with  a  small  opening  {a).  The  vertical  tube  (d)  is  bent  in  dx 
form  of  a  U,  and  Blled  so  fiill  with  mercury  that  the  convex  surface  of  the  latter  projects  within 
the  lumen  of  the  transverse  tube  (f).  One  end  of  c  is  connected  with  a  Mariotte's  flask  ccd- 
taining  diluted  alcohol,  and  the  supply  of  the  latter  can  be  regulated  by  means  of  a  stop-cock. 
The  fluid  flows  over  the  apex  of  the  mercury  and  keeps  it  clean.  The  vibrating  platioom  styk 
U)  is  attached  to  the  end  of  a  rod,  which  in  turn  is  connected  with  the  positive  pole  of  tfa< 
battery,  while  the  platinum  wire  (</)  is  connected  with  the  negative  pole  of  the  "  battery."] 

331.  ELECTRICAL  CURRENTS  IN  RESTING  MUSCLE 
AND  NERVE— SKIN  CURRENTS.— Methods.— In  order  to  inw 
tigate  the  laws  of  the  muscle-current,  we  must  use  a  muscle  composed  of  par- 
allel fibres,  and  with  a  simple  arrangement  of  its  fibres  in  the  form  of  a  prism 
or  cylinder  (fig.  484,  I  and  II).  The  sartorius  muscle  of  the  frog  supplies 
these  conditions.    In  such  a  muscle,  we  distinguish  the  surface  or  the  natural 

longitudinal     section ; 

I  its  tendinous  ends  or 

rhe  natural  transverse 
section;  further,  when 
the  latter  is  divided  trans- 
versely to  the  long  axis, 
the  artificial  transverse 
section  (fig.  484, 1,  r,  /); 
lastly,  the  term  equator 
(a,  ^-iw,  n)  is  applied  to  a 
hne  so  drawn  as  exactly  to 
divide  the  length  of  tbe 
muscle  into  ludves.  .\s 
the  currents  are  very  feeble, 
it  is  necessary  to  use  a  gal- 
vanometer with  a  peri- 
odic damped  magnet  (figs. 
459,  I,  and  471),  or  a  tan- 
gent mirror-boussole  ami- 
lar  to  that  used  for  thermo- 
electric purposes  (fig.  230^ 
Capillary  electrometer.  The  wires  leading  from  the 
R,  mercury  in  tube ;  tissue  are  connected  with 
capillary  tube;  j,  sul-  non-polarizable  electrodes 

croscope.  The  capillary-electrometer 

of  Lippmann  may  be  used  fcr 
detecting  the  electrical  current  of  a  muscle  or  nerve  (fig.  485).  A  thread  of  mercuiy  eockufti 
in  a  capillary  tube  and  touching  a  conducting  fluid,  e.  g,,  dilute  sulphuric  acid,  is  displaced  bv 
the  constant  current,  in  consequence  of  the  polarization  taking  place  at  the  point  of  oootaa  aker- 
ing  the  constancy  of  the  capillarity  of  the  mercury.  The  displacement  of  the  mercniy  wb^ 
the  observer  (B)  detects  by  the  aid  of  the  microscope  (M)  is  in  the  direction  of  the  poskxve  en- 
rent.  R  is  a  capillary  glass  tube,  filled  from  above  with  mercury,  and  from  below  with  d2ste 
sulphuric  acid.  Its  lower  narrow  end  opens  into  a  wide  glass  tube,  provided  below  with  a  piid* 
num  wire  fused  into  it  and  filled  with  Hg  {q),  and  this  again  is  covered  with  dilate  solpavic 
acid  (j).  The  wires  are  connected  with  non-polarizable  electrodes  applied  to  the  -f-  •n*^  ""  "^^ 
faces  of  the  muscle.  On  closing  the  circuit,  the  thread  of  mercury  passes  downwards  froa  £  ii 
the  direction  of  the  arrow. 

Compensation  of  a  Current. — The  strength  of  the  current  in  animal  tissues  is  best  measBrai 
by  the  compensation  method  of  Poggendorf  and  du  6ois-Re]rmond.  A  current  of  kno«i 
strength,  or  which  can  be  accurately  graduated,  is  passed  in  an  opposite  direction  throagh  tk 
same  galvanometer  or  boussole,  until  the  current  from  the  am'mal  tissue  is  just  neutralized  or  com- 
pensated. [When  this  occurs,  the  needle  deflected  by  the  tissue-current  returns  to  zero.  Tk 
principle  is  exactly  the  same  as  that  of  weighing  a  body  in  terms  of  some  standard  wcigto 
placed  in  the  opposite  scale-pan  of  the  balance. 


Fig.  485. 


Fig.  484. 
Scheme  of  the  muscle -current. 
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[Hermann  calls  the  current  obtained  from  an  injured  muscle,  /.  ^,  one  on 
which  an  artificial  transverse  or  other  section  has  been  made,  a  demarcation- 
current,  while  the  currents  obtained  when  such  a  muscle  contracts  he  calls 
action-currents.  This  section  deals  with  demarcation-currents,  or  the  muscle- 
current  of  du  Bois-Reymond.] 

1.  Perfectly  fresh  uninjured  muscles  yield  no  current,  and  the  same  is 
true  of  dead  muscle  (Z.  Hermann,  1867). 

2.  Strong  electrical  currents  are  obtained  when  the  artificial  transverse 
section  of  a  muscle  is  placed  on  one  of  the  cushions  of  the  non-polarizable  elec- 
trodes (fig.  459  I,  M),  while  the  longitudinal  surface  is  in  connection  with  the 
other  {Nobiliy  Matteucciy  du  Bois-Reymond^,  The  direction  of  the  current 
is  from  the  (positive)  longitudinal  section  to  the  (negative)  transverse  section  in 
the  conducting  wires  (/.  ^.,  within  the  muscle  itself  from  the  transverse  to  the 
longitudinal  section  (figs.  459,  I,  and  384,  I)).  This  current  is  stronger  the 
nearer  one  electrode  is  to  the  equator  and  the  other  to  the  centre  of  the  trans- 
verse section ;  while  the  strength  diminishes  the  nearer  the  one  electrode  is  to 
the  end  of  the  surface,  and  the  other  to  the  margin  of  the  transverse  section. 

Smooth  muscles  also  yield  similar  currents  between  their  transverse  and  longitudinal  surfaces 
(?  334. 11). 

3.  Weak  electrical  currents  are  obtained  when — {a)  two  points  at  un- 
equal distances  from  the  equator  are  connected  with  the  galvanometer,  the  cur- 
rent then  passes  from  the  point  near  the  equator  (-f)  to  the  point  lying  further 
from  it  ( — ),  but  of  course  this  direction  is  reversed  within  the  muscle  itself 
(fig.  384,  II,  ke  and  le\  (Ji)  Similarly  weak  currents  are  obtained  by  connect- 
ing points  of  the  transverse  section  at  unequal  distances  from  the  centre,  in 
which  case  the  current  outside  the  muscle  passes  from  the  point  lying  nearer 
the  edge  of  the  muscle  to  that  nearer  the  centre  of  the  transverse  section 
(fig.  484,  II,  /,  c), 

4.  When  two  points  on  the  surface  are  equidistant  from  the  equator  (fig. 
484,  I,  Xy  yy  V,  z, — II,  r,  <f),  or  two  equidistant  from  the  centre  of  the  trans- 
verse section  (II,  c)  are  connected,  no  current  is  obtained,  because  the  points 
are  iso-electrical,  that  is,  of  equal  potential. 

5.  If  the  artificial  transverse  section  of  the  muscle  be  oblique  (fig.  484,  III), 
so  that  the  muscle  forms  a  rhomb,  the  conditions  obtaining  under  III  are  dis- 
turbed. The  point  lying  nearer  to  the  obtuse  angle  of  the  transverse  section  or 
surface  is  positive  to  the  one  lying  near  to  the  acute  angle.  The  equator  is 
oblique' (flf,  r).  These  currents  are  called  ^^  deviation  currents  or  inclination 
currents*^  by  du  Bois-Reymond,  and  their  course  is  indicated  by  lines  i,  2, 
and  3. 

The  electro -motive  force  of  a  strong  muscle- current  (frog)  is  equal  to  0.05  to  0.08  of  a 
Daniell's  element ;  while  the  strongest  deviation  current  may  be  o.i  Daniell.  The  muscles  of 
a  curarized  animal  at  first  yield  stronger  currents ;  fatigue  of  the  muscle  diminishes  the  strength 
of  the  current  {^Roeber\  while  it  is  completely  abolished  when  the  muscle  dies.  Heating  a 
muscle  increases  the  current;  but  above  40°  C.  it  is  diminished  {Steiner).  Cooling  diminishes 
the  electro-motive  force.  The  warmed  living  muscular  and  nervous  substances  is  positive  to  the 
cooler  portions  {^Hermann) ;  while,  if  the  dead  tissues  be  heated,  they  behave  practically  as 
indifferent  bodies  as  regards  the  tissues  that  are  not  heated. 

6.  The  passive  nerve  behaves  like  muscle,  as  far  as  i,  2,  and  3  are  con- 
cerned. [If  one  electrode  be  placed  on  the  longitiidinal  surface  and  another  on 
the  artificial  transverse  section  of  a  nerve,  and  the  current  led  off  to  a  galva- 
nometer, the  needle  of  the  latter  is  slightly  deflected  by  the  **  nerve-current," 
the  direction  of  the  current  being  from  the  -f-  longitudinal  surface  through  the 
galvanometer  to  the  —  transverse  section.] 

The  electro-motive  force  of  the  strongest  nerve-current,  according  to  du  Bois-Reymond, 
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is  o.oz  al  a  Daniell.     Healing  a  nerve  from  15°  to  15°  C-  increases  (he  nerra  caireoi,  vli'.c 
high  temperMures  dimiimb  il  (Si/intr). 

7.  If  the  two  transversely  divided  ends  of  an  excised  nerve,  or  tvopoim: 
on  the  surface  equidistant  from  the  eqtiator,  be  tested,  a  current — the  axial 
current — flows  in  the  nerve-fibre  in  the  opposite  direction  to  the  direction  of 
the  norma!  impulse  in  the  nerve ;  so  that  in  centrifugal  nerves  it  Bows  in  i 
centripetal  direction  and  in  centripetal  nerves  in  a  centrifugal  direction  (Mtii- 
deUshon  and  ChrisHant). 

The  electro -mo  live  force  increases  with  the  length  of  the  nerve  and  with  (be  uearfin 
transverse  section.  Fatigue  (/.  g,,  tetanic  stimulutoo)  weakens  it,  cspedally  in  mtrtor  ntms, 
and  to  a  less  extent  in  centripelal  nei^es. 

Rheoscopic  Limb. — The  existence  of  a  muscle-current  may  be  proved 
without  the  aid  of  a  galvanometer:  t.  By  means  of  a  sensitive  nera- 
muscle  preparation  of  a  frog,  or  the  so-called  "  physiological  rheoscopc" 
or  "  rheoscopic  limb."  Place  a  moist  conductor  on  the  transverse  and  aootba 
on  the  longitudinal  surface  of  the  gastrocnemius  of  a  frog.  On  placing  tbe 
sciatic  nerve  of  a  nerve-muscle  preparation  of  a  frog  on  these  conducton,  so 
as  to  bridge  over  or  connect  their  two  surfaces,  contraction  of  the  mnsde  con- 
nected with  the  nerve  occurs  at  once ;  and  the  same  occurs  when  the  nerve  is 
removed. 

[Nerve-muscle  Preparation. — This  term  has  been  used  on  several  oca- 
sions.  It  is  simply  the  sciatic  nerve  with  the  gastrocnemius  of  the  frog  at- 
tached to  it  (fig.  486).  The  sciatic  nerve  is  dissected  out 
entire  from  the  vertebral  column  to  the  knee  ;  the  muscle 
of  the  thigh  separated  from  the  femur,  and  the  latter  di- 
vided about  its  middle,  so  that  the  prepartition  can  be  fiied 
in  a  clamp  by  the  remaining  portion  of  the  femor;  whil* 
the  tendon  of  the  gastrocnemius  is  divided  near  to  the  bol 
If  a  straw  flag  is  to  be  attached  to  the  foot,  do  not  dinde 
the  tendo-Achillis]. 
s  Make  a  transverse  section  of  the  gastrocDeDaias  muscle  d 

a  frog's  nerve-muscle  preparation,  and  allow  the  sciatic 
nerve  to  fall  upon  this  transverse  section ;  the  limb  *i^ 
contract  as  the  muscle -current  from  the  longitudinal  to  (h* 
transverse  surface  now  traverses  the  nerve  (  Gahiani,  Al  r- 
Humboldt').  These  experiments  have  long  been  known  is 
"  contraction  v/ithout  metals." 

^'  [Use  a  nerve-muscle  preparation,  or,  as  it  is  called,  a  pbTSologKi! 

Nerve-muscle    prepa-   Hmb.     Hold  the  preparation  by  (he  femnr,  and  allow  its  own  ncfwi 

ration  of  a  frog.  F,    (aU  upon  (he  gflstrocnemius,  and  the  muscle  will  contract,  but  it  is  bette 

femur  ;     S,   sciatic   to  allow  the  nerve  to  fall  suddenly  upon  the  ciosi-KCtkiii  of  the  aaa&t. 

nerve ;     I,    tendo-   The   nerve  then   completes  the   circuit   between  the  loc^ndinal  wi 

Achillis.  (janSTcrje  section  of  the  muscle,  so  that  it  is  stimulated  t7  the  ama 

from  the  latter,  tbe  oerve  is   stimuUted.  and   throogh   it  tbe  miK^E 

That  it  is  so  is  proved  by  tying  a  thread  round  the  nerve  near  tbe  muscle,  whco  the  Iwb  b^ 

longer  contracts.] 

a.  Self-  Stimulation  of  the  Muscle. — We  may  use  the  muscle-curreiit 
of  an  isolated  muscle  to  stimulate  the  latter  directly  and  cause  it  to  contncL 
If  the  transverse  and  longitudinal  surfaces  of  a  curarized  frog's  oerve-masek 
preparation  be  placed  on  non-polarizable  electrodes,  and  the  circuit  be  closa 
by  dipping  the  wires  coming  from  the  electrodes  in  mercury,  then  the  miEtk 
contracts.  Similarly  a  nerve  may  be  stimulated  with  its  own  demarcation- 
current  {du  Bois'Reymond  and  others).  If  the  lower  end  of  a  muscle  witt 
its  transverse  section  be  dipped  into  normal  saline  solution  (0.6  per  ccnt- 
NaCl),  which  is  quite  an  indifferent  fluid,  this  fluid  forms  an  accessory  ciicai: 
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between  the  transverse  and  adjoining  longitudinal  surface  of  the  muscle,  so 
that  the  muscle  contracts.  Other  indifferent  fluids  used  in  the  same  way  pro- 
duce a  similar  result. 

[Kiihne'a  Experiment  (fig.  487).— The  demarcation-current  of  the  nerve 
of  a  nerve-muscle  preparation  may  be  used  as  the  stimulus  to  that  nerve  on 
completing  the  circuit.  On  an 
earthenware  bowl  (B)  is  fixed  a 
glass  plate  (G)  and  thin  rolls  of 
modeller's  clay  (P  Fj  are  bent  over 
G.  A  nerve-muscle  preparation  is 
placed  with  its  nerve  (N)  on  the 
clay,  touching  the  latter  with  its 
transverse  and  longitu  din  at  surfaces. 
On  dipping  the  clay  into  a  vessel 
containing  normal  saline  (C)  the 
muscle  contracts,  and  on  withdraw- 
ing the  normal  saline  it  again  con- 
tracts.    In    this  case  the  nerve  is 

stimulated  by  the  completion  of  the  ^e-  487- 

circuit  of  its  own  demarcation -cur-      KUhne's  ocrre  demaicadon-currcDt  cxperimeDl. 
rent.] 

3.  Electrolysis. — If  the  muscle-cunent  be  conducted  through  starchmixea 
with  poiassU  iodide,  then  the  iodine  is  deposited  at  the  +  pole,  where  it  makes 
the  starch  blue. 

Prog  Current. — It  11  userted  that  the  total  current  in  ibe  bod]'  is  the  sum  of  (he  electrical 
cnrrcDU  of  the  leveral  mosclcj  and  Detves  which,  in  a  frog  deprived  of  its  skin,  pass  from  the 
tip  of  the  toes  toward  the  Inmk,  and  in  the  trunk  from  Oie  anus  to  the  head.  This  is  the 
"  c»rrem<  profria  dflla  rana  "  of  Lcopoldo  Nobili  (1817),  or  the  "  frog-currenl  "  of  do  Hois- 
RejmoDd.     In  mammals,  the  corresponding  current  passes  in  the  opposite  direclion. 

When  the  nerves  have  lost  their  exdtabtlily  in  the  condhion  of  oarcosis  alter  the  administra- 
tion of  ether  or  chloroform,  the  mnscte-cnnent  may  even  be  slightly  increased  {Biidermatm). 

After  death,  the  currents  dis^ipear  sooner  than  the  eieiubilily  ( ValtnHn)  ;  they  remain 
longer  in  the  muscle  than  the  nerres,  and  in  the  latter  they  disappear  sooner  in  the  central  por- 
tions. If  the  nerve-current  alter  a  time  become  feeble,  it  may  be  slrengthened  by  making  a 
new  tranivcree  section  of  the  nerve.  A  motor  nerve  completely  paralyzed  by  curare  gives  a 
current  [Funke),  and  so  does  a  nerve  beginning  to  undergo  degeneralion,  even  two  weeks  alter 
it  hai  lost  its  excitatnlity.  Muscles  in  a  slate  of  rigor  mortis  give  currents  in  the  opposite 
direction,  owing  (o  inequalities,  which  lake  place  during  decomposition.  The  nerve-current  is 
reversed  b>y  the  action  of  bcnling  water  or  drying. 

Currents  from  Skin  and  Mucous  Membranes. — In  the  skin  of  the 
frog  the  outer  surface  is  -[-,  the  inner  is  —  (rfu  Bois-Reymond),  and  the  same 
is  true  of  the  mucous  membrane  of  the  intestinal  tract  {^Rosenthal),  the 
cornea  {GrUnhageti),  as  well  as  the  non-glandular  skin  of  fishes  {Hermann) 
and  molluscs  {Oehler).     Currents  are  also  manifested  by  glands  (§  145). 

332.  CURRENTS  OF  STIMULATED  MUSCLE  AND 
NERVE— ACTION-CURRENTS.— I.  Negative  Variation  of  the 
Muscle-Current. — If  a  muscle  which  yields  a  strong  electrical  current  be 
thrown  into  a  state  of  tetanic  contraction  by  stimulating  its  motor  nerve,  then, 
Tvhen  the  muscle  contracts,  there  is  a  diminution  of  the  muscle-current, 
and  occasionally  the  needle  of  the  galvanometer  may  swing  almost  to  zero. 
This  is  the  "negative  variation  of  the  rausclc-currcnt "((/»  .fffrV-.ffirv- 
^nt^nd).  It  is  larger  the  greater  the  primary  deflection  of  the  galvanometer 
needle  and  the  more  energetic  the  contraction. 
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of  this  CBTreDl.     In  th«  inactne  ■iraDgemenl,  the 

the  needle.     If  the  muicle  be  prercDted  from  tbonening, 

TarialioD  still  takei  pisce, 

2.  Current  During  Tetanus. — An  excised  frog's  muscle /e/amui/lhTOu^ 
its  nerve  shows  electromotive  force — the  so-called  "  action-current."  Iei 
tetanized  frog's  gastrocnemius,  there  is  a  descending  cutreni.  In  completelf 
uninjured  human  muscles,  however,  thrown  into  tetanus  by  acting  on  thtir 
nerves,  there  is  no  such  current  (Z.  /{ermann);  similarly,  in  guite  uniiyurti 
frog'smuscles,  as  wellas  when  these  muscles  are  direclly  &nh.  complete^  tetaniui, 
there  is  no  current, 

3.  Muscle- Current  accompanying  the  contraction -vrave.— If  out 
end  of  a  muscle  be  directly  excited  with  a  momentary  stimulus,  so  that  tbt 
contraction-wave  (§  399)  rapidly  passes  along  the  whole  length  of  the  muscnlir 
fibres,  then  each  part  of  the  muscle,  successively  and  immediately  before  1: 
contracts,  becomes  negatively  electrical.  It  is  usually  staled  that  the  "  con 
traction-Twave  "  is  preceded  by  a  "  negative  wave  "  of  the  mosck- 
current,  and  that  the  latter  occurs  during  the  latent  period  (?).  Both  wa^-ri 
have  the  same  velocity,  about  3  metres  per  second.  The  negative  wave,  which 
first  increases  and  then  diminishes,  lasts  at  each  point  only  0.003  second  {Bin- 
stein).  [Suppose  two  points,  A  and  B,  on  the  longitudinal  surface  of  a  musclf 
to  be  led  off  with  non-polarizable  electrodes  to  a  galvanometer.  There  will 
be  no  deflection  of  the  needle,  as  the  points  are  iso-electrical.  If  a  single  i^ 
duction  shock  be  applied  at  one  end  of  the  muscle,  a  con  tract  ion -wave  will  b 
propagated  along  the  muscle.     It  is  usually  stated  that  preceding  the  conttac- 

tion-wave,  however,  a  wave  of  negativity  will 
pass  along  the  fibre.  It  will  reach  A  before  B. 
so  that  A  will  be  negative  to  B  and  to  the  rest  c: 
the  fibre,  and  the  needle  will  be  deflected.  Th( 
wave  of  negativity  as  it  traveb  will  reach  B,  a^ 
make  B  negative  to  the  rest  of  the  fibre,  and  id 
A,  from  which  the  negativity  is  disappearing. 
This  will  cause  the  needle  to  be  deflected  in  the 
opposite  direction,  so  that  a  single  wave  of  coe- 
traction  in  a  muscle  is  preceded  by  two  currenti 
of  different  phases,  i.e.,  it  gives  rise  to  a  dipha- 
sic variation  or  change.  Burdon-Sanderson. 
however,  has  shown  that  the  elect  ro-nwtire 
changes,  instead  of  preceding  the  change  of  mus- 
cular form,  actually  accompany  the  latter,  ^ 
,  that    (he  view   that  it    occurs  during  the  laten: 

'      period  must  be  abandoned  (p.  610,  fig.  395)-] 
jHg,  488.  4-     During    a    single    Contrattion,— A 

„         „   .  ,  J     n     single  contraction  also  shows  a  muscle-correm. 

^"^^  .,S"r,r"  »'  ,:"  [Th'  ekckal  va,i.,io„  ute  place  duri.j  fc 
middle  of  ihe  muscle  and  latent  period  of  the  muscular  contraction,  » 
from  Ihe  tendon.  Conirac-  that  it  precedes  the  latter  (?)  The  vmriatiw 
lion  excited  bjr  a  single  tf«k  begins  o.i"  to  .04"  after  excitation,  w*ile  tb< 
induaion  shock  applied  to  contraction  does  not  begin  until  .11"  to  .Jj' 
the  sciatic  nerve,    e,  electro-       ,  ,,r  „    -.         .    i-       i  1  1.  j.  n 

merer;  m,  mnscle;  A  lime  in  (IVaUer).  A  frog's  muscle  may  be  made  "^ 
j^ib  sec.  (muscle  lo  H,SOj;  record  its  contraction,  and  simultaneously  t* 
lendon  to  Hg)  ( tVaUer).  variation  of  the  electrical  current,  as  ascertaiofi 

by  the  capillary  electrometer,  may  be  phoi(^ 
graphed  (fig.  488),  and  the  same  may  be  done  in  the  case  of  the  heart  (& 
489).     The  capillary  electrometer  may  with  advantage  be  employed  to  atetsst 
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this  time-difference,  the  electrical  and  mechanical  events  being  simulUneously 
recorded.] 

The  dipbaaic  variation. —  lit  pbaae  middle  ncgiCiTe  lo  end;  id  phase  and  negsIiTCto 
middle  begint  about  .01"  before  the  commeDcemeDt  of  muscular  cautraction  (IValtir). 

Th«  Ttnalion  ii  diphasic. — isl  phase  base  negaUve  lo  apex ;  id  phate  apex  negative  to  tiase 
(iValler).    The  first  phue  tiegics  ■^"  before  ihe  cominenceEnent  of  conlraclion. 

One  of  the  best  objects  for  this  purpose  is  the  contracting  heart,  which  is 
placed  tipon  the  non-polarizable  electrodes  connected  with  a  sensitive  galvano- 
raeter.  Each  beat  of  the  heart  causes  a  deflection  of  the  needle,  which  occurs 
^eftn-e  the  contraction  of  the  cardiac  muscle  {KolUker  and  H.  Muller).  The 
electrical  disturbance  in  the  muscle  causing  the  negative  variation  always  pre- 
cedes the  actual  contraction  [v.  HelmhoUt,  1845)-  S''"  '^  '^'^  throughout  the 
whole  duration  of  the  contraction  {Lee\  When  the  completely  uninjured 
frog's  gastrocnemius  contracts  by  stimulating  the  nerve,  there  is  at  first  a 
descending  and  then  an  ascending  current  {Sig.  Mayer,  §  334,  U). 

More  exact  observations  on  the  electrical  processes  of  the  pulsating 
heart  show  that  complicated  phenomena  occur.  With  every  beat  of  the 
heart,  first  the  apex,  and  then  the  base  of  the  ventricle  becomes  negative 


Fig.  489- 
Fred's  heart.     SpODlaneous  cootraciion.    c,  t,  electroiiieieT  1  h,  h,  heart's 
in  ^th  sec.  (apex  to  H,SO„  base  lo  Hg)  ( WaUiT\ 

i  J^retiericq  and  Waller),  so  that  necessarily  there  is.  a  diphasic  variation 
with  each  beat  (fig.  489).  If  the  heart  be  arrested  in  diastole  by  stimulation 
of  the  vagus  (§  369),  there  is  a /cj/Vi'f^  variation  of  the  muscle-current  (G<tr- 
keilj  Fano).  Waller  has  demonstrated  a  true  electrical  variation  of  the  human 
intact  heart. 

[Heart. — Gaskell  has  shown  that  when  the  vagus  of  a  tortoise  is  stimulated  . 
so  as  to  arrest  its  heart  in  diastole,  the  action  of  the  inhibitory  nerve  is  accom- 
panied by  &  positive  electrical  variation  of  the  heart  current,  while  stimulation 
3f  the  sympathetic  (augmentor)  nerve  causes  an  electrical  variation  of  the  same 
>ign  as  that  caused  by  a  contraction  in  the  non-beating  tissue  of  the  ventricle 
>f  the  toad.  In  both  cases  the  respective  nerves  can  produce  their  electrical 
;ffect  after  the  heart  has  been  brought  to  a  standstill  by  the  application  of 
nuscario  to  the  sinus.  These  experiments  arc  of  the  utmost  importance  in 
:onnection  with  the  theory  of  the  action  of  these  nerves  on  the  heart  (§  370), 
ind  the  mode  of  action  of  poisons  on  the  heart  itself] 

[Waller  has  succeeded  in  showiog  the  electrical  yaiiation  occurring  during  the  beat  of  the 
luman  bMrt  in  an  uninjured  penoD.  The  readiogs  are  made  by  photographing  the  oscillations 
if  ihe   roercnry  of  a  capillary  electrometer.     The  currents  otxained  are  dae  lo  the  TCnlricleB 
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just  as  much  as  to  the  auricles.  There  is  a  diphasic  variation,  beginning  with  a  first  phase  of 
short  duration,  which  shows  that  the  apex  is  negative  to  the  baseband  this  is  followed  by  a 
stronger  variation  in  the  opposite  direction,  which  shows  that  during  this  period  the  base  of  tibe 
ventricle  is  negative  to  the  apex.  Waller  therefore  infers  that  the  state  of  excitement  of  the 
ventricle  begins  at  the  apex  and  is  propagated  to  the  base.  Owing  to  the  oblique  positioo  of 
the  human  heart,  the  variation  is  obtained  when  the  right  and  left  hand,  or  the  right  hand  vidi 
one  of  the  feet,  are  connected  with  the  electrometer,  but  not  when  one  of  the  feet  and  the  left 
hand  are  so  connected.] 

Secondary  Contraction. — A  nerve-muscle  preparation  may  be  used  to 
demonstrate  the  electrical  changes  that  occur  during  a  simple  contraction. 
If  the  sciatic  nerve,  A,  of  such  a  preparation  be  placed  upon  another  musde, 
B,  as  in  fig.  490,  then  every  time  the  latter,  B,  contracts,  the  frog's  muscle,  A, 
connected  with  the  nerve  also  contracts. 

If  the  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  a  contracting 
mammalian  heart,  then  a  contraction  of  the  muscle  occurs  with  every  beat 
of  the  heart  {Matteucci^  1842).  The  diaphragm,  even  after  section  of  the 
phrenic  nerve,  especially  the  left,  also  contracts  during  the  heart-beat  {Sckif). 
This  is  the  "  secondary  contraction  '*  of  Galvani. 

[Secondary  Contraction  from  Muscle  to  Muscle,  and  Muscle- 
press  i^Kuhne). — If  5  mm.  of  one  end  of  the  sartorins  of  a  curarized  frog  be 
laid  upon  a  corresponding  5  mm.  of  the  other  sartorius,  so  that  both  mtsctes 
are  in  line,  and  if  the  surfaces  •of  contact  be  pressed  together,  either  by  ao 
ebonite  press  or  other  means,  on  stimulating  the  free  end  of  one  of  the  mns- 
cles^-either  electrically,  mechanically,  or  chemically — the  other  muscle  also 
contracts,  and  if  the  first  one  be  tetanized,  the  second  one  also  is  thrown  into 
tetanus.  The  experiment  may  be  repeated  with  five  or  six  muscles  in  line. 
The  conduction  is  interrupted  at  once  by  ligature  of  the  muscle.  The  second 
muscle  contracts,  because  it  is  stimulated  directly  by  the  action-currents  of 
the  contracting  muscular  fibres.  The  effect  is  prevented  by  introducing,  be- 
tween the  overlapping  ends  of  the  muscle,  a  thin  plate  of  gutta-percha,  tinfoil, 

or  any  insulator.  This  experiment  of  Kiihne*s  sho«^ 
us  how  important  2,-rdU  electrical  phenomena  play  is 
connection  with  muscular  contraction.  Secondary 
contraction  from  nerve  has  long  been  known.] 

Secondary  Tetanus. — Similarly,  if  a  nerve  of  a 
nerve-muscle  preparation  be  placed  on  a  mnsde 
which  is  tetanized,  then  the  former  also  contracts, 
showing  ** secondary  tetanus"  {du  Bais-Reymamd^ 
The  latter  experiment  is  regarded  as  a  proof  tha^ 
during  the  process  of  negative  variation  in  the  mos- 
cle,  many  successive  variations  of  the  current  most 
take  place,  as  only  rapid  variations  of  this  kind  cac 
produce  tetanus  by  acting  on  a  nerve — c^mtinmms 
Fig*  490.  variations  being  unable  to  do  so. 


Secondary  contraction.     The      Usually,  there  is  no  secondary  tetanus  in  a  frog's 

sciatic  nerve  of  A  lies  on  B ;  preparation  when  it  is  laid  upon  a  muscle  which  is  tctaaiaed 
E,  electrodes  applied  to  the  voluntarily,  or  by  chemical  stimuli,  or  by  poisoning  wkh  sajtik- 
sciatic  nerve  of  B.  nin  (HeHng,  KUkne) ;  still,  Lovin  has  observed  secondary  stiy^ 

nin  tetanus  composed  of  six  to  nine  shocks  per  second.  Obsem- 
tions  with  a  sensitive  galvanometer,  or  Lippmann's  capillary  electrometer  (fig.  485)*  show  that 
the  spasms  of  strychnin  poisoning,  as  well  as  a  voluntary  contraction,  are  discootinviows  pso- 
cesses  {Lovht,  p.  601). 

Biedermann  observed  that  striped  muscle,  under  the  influence  of  the  vapor  of  ether,*  psas 
into  a  condition  in  which  it  shows  no  obvious  change  of  form  or  movement  when  it  is  stiniBla- 
ted,  whilst  at  the  spot  stimulated  there  are  galvanomeiric  variations  of  the  same  sticmgib  is 
occurred  during  stimulation  before  the  action  of  the  ether.  Owing  to  the  abolition  of  the  power 
of  conductivity,  they  can  only  manifest  themselves  locally. 
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5.  Negative  Variation  in  Nerve. — If  a  nerve  be  placed  with  its  artifi- 
cial transverse  section  on  one  non-polarizable  electrode,  and  its  longitudinal 
surface  on  the  other,  and  if  it  be  stimulated  electrically,  chemically,  or  me- 
chanically, the  nerve-current  is  also  diminished  {du  Bois-Reymond),  This 
negative  variation  is  propagated  towards  both  ends  of  a  nerve,  and  is  com- 
posed of  very  rapid,  successive,  periodic  interruptions  of  the  original  current, 
just  as  in  a  contracted  muscle  {Bernstein),  Hering  succeeded  in  obtaining 
from  a  nerve,  as  from  a  muscle,  a  secondary  contraction  or  secondary  tetanus. 
The  amount  of  the  negative  variation  depends  upon  the  extent  of  the  primary 
deflection,  also  upon  the  degree  of  nervous  excitability,  and  on  the  strength 
of  the  stimulus  employed.  The  negative  variation  occurs  on  stimulating  with 
tetanic  as  well  as  with  single  shocks.  The  negative  variation  is  not  ob- 
served in  completely  uninjured  nerves. 

Hering  found  that  the  negative  variation  of  the  nerve-current  caused  by  tetanic  stimulation 
is  followed  by  9^  positive  variation,  which  occurs  immediately  after  the  former,  t.  e.^  it  is  diphasic. 
It  increases  to  a  certain  degree  with  the  duration  of  the  stimulation,  as  well  as  with  the  strength 
of  the  stimulus,  and  with  the  drying  of  the  nerve  {Head),     {Effect  of  EUctrotonuSy  J  335,  I). 

Negative  Variation  in  the  Spinal  Cord. — This  is  the  same  as  in 
nerves  generally.  If  a  current  be  conducted  from  the  transverse  and  longitudi- 
nal sarraces  of  the  upper  part  of  the  medulla  oblongata,  we  observe  spontaneous^ 
intermittent,  negative  variations ^  perhaps  due  to  the  intermittent  excitement 
of  the  nerve-centres,  more  especially  of  the  respiratory  centre.  Similar  varia- 
tions are  obtained  refiexly  by  single  stimuli  applied  to  the  sciatic  nerve,  while 
strong  stimulation  by  common  salt  or  induction  shocks  inhibits  them.  [Gotch 
and  Horsley  obtained  "  action  currents  "  from  the  cord  when  the  motor  areas 
of  the  brain  were  stimulated  (§  375).] 

Velocity  of  the  Negative  Variation. — The  process  of  negative  varia- 
tion is  propagated  at  a  measurable  velocity  along  the  nerve,  most  rapidly  at  15^ 
to  25®  C.  (Steiner),  and  at  the  same  rate  as  the  velocity  of  the  nervous  impulse 
itself,  about  27  to  28  metres  per  second.  The  duration  of  a  single  variation 
(of  which  the  process  of  negative  variation  is  composed)  is  only  0.0005  to 
0.0C08  second,  while  the  v/ave-length  in  the  nerve  is  calculated  by  Bern- 
stein at  18  mm. 

Differentiml  Rheotome. — J.  Bernstein  estimated  the  velocity  of  the  negative  variation 
in  a  nerye  by  means  of  a  differential  rheotome  thus  (figs.  491,  492)  :  A  long  stretch  of  a  nerve 
(N  m)  is  so  arranged  that  at  one  end  of  it  (Nj  its  transverse  and  longitudinal  surfaces  are  con- 
nected with  a  galvanometer  (G),  [f.  e.,  an  artificial  transverse  section  and  the  longitudinal  sur- 
face are  led  off  by  non-polarizable  electrodes  to  the  galvanometer],  while  at  the  otAer  end  (if) 
are  placed  the  electrodes  of  an  induction  machine  (J)  [i.  e.,  the  stimulating  electrodes].  A  disc 
(B)  rapidly  rotating  on  its  vertical  axis  (A)  has  an  arrangement  (C)  at  one  point  of  its  circum- 
ference, by  means  of  which  the  current  of  the  primary  circuit  (E)  is  rapidly  opened  and 
closed  during  each  revolution.  This  causes,  with  each  rotation  of  the  disc,  an  opening  and  a 
ctostng  shock  to  be  applied  to  the  end  of  the  nerve  through  the  stimulating  electrodes  (if).  At 
the  diametrically  opposite  part  of  the  circumference  is  an  arrangement  (c)  by  which  the  galvano- 
meter circuit  is  closed  and  opened  during  each  revolution.  Thus  the  stimulation  of  the  nerve 
and  the  closing  of  the  galvanometer  circuit  occur  at  the  same  moment.  On  rapidly  rota- 
ting the  disc,  the  galvanometer  indicates  a  strong  nerve-current,  an  excursion  of  the  magnetic 
needle  to  y.  At  the  moment  of  stimulation,  the  negative  variation  has  not  yet  reach^  the 
other  end  of  the  nerve.  If,  however,  the  arrangement  which  closes  the  galvanometer  circuit  be 
disf^ced  along  the  circumference  (to  0)  so  that  the  galvanometer  circuit  is  closed  somewhat 
la/rr  than  the  nerve  is  stimulated,  then  the  current  is  weakened  by  the  negative  variation  (the 
needle  passing  backward  to  x).  When  we  know  the  velocity  of  rotation  of  the  disc,  it  is  found 
that  the  time  tor  the  distance  of  the  displaced  closing  arrangement  for  the  galvanometer  circuit 
must  be  equal  to  the  velocity  at  which  the  impulse  causing  the  negative  variation  passes  along  a 
given  distuice  of  nerve  from  N  to  n . 

The  negative  variation  is  absent  in  degenerated  nerves  as  soon  as  they  lose  their  excita- 
bility. 
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Retinal  and  Kye  Currents. — If  a  Jireshly  excised  eyeball  be  placed  on  (he 
Don-polarizablc  electrodes  connected  with  a  galvanometer,  and  if  light  M 


Fig.  491, 
Sdieme  of  Betortdo'i  diffcTcntial  rheotome ;  N  n,  dctvc  ;  J,  indnctioD  maduae  ;  G,  ^tmo- 
meter;  f,^,  deflection  of  needle;  £,battei7  aiid  primuj  circuit  with  Cfor  openii^  ii  » 
e  :  e,  for  doting  galvanometer  circuit ;  « i,  electroaei  in  gatraiMiMlcr  drcnit  1  S,  naa. 

upon  the  eye,  then  the  Dormal  eye-current  from  the  comca  (  -j-  )  to  the 
transverse  section  of  the  optic  nerve  ( —  )  is  at  first  increased. 


Yellow  ligbt  it  ino*t  powerful,  and  1 
I}ewar).     "nie  inner  surface  of  Ibe/aim 


Fig.  491. 
General  view  of  a  differential  rheotome,  aa  nude  b;  Pettotd,  of  Lcipiig. 
t*  illumiDaled  Ibtreis  adouble  variation,  a  negative  varialion  with  apreUmiiuu7pa«itiTei 
while,  when  the  light  ceaaei,  there  i*  a  limple  potitive  variation.     Retime,  in  whidi  tl 
purple  hai  disappeared  owing  to  the  action  of  light,  show  Knaller  variatioDS  (AlLfjit^  anJ 
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Stimulation  of  the  secretory  nerves  of  glandular  membranes,  be* 

sides  causing  secretion,  affects  the  current  of  rest  {Roeber).  This  secretion* 
current  passes  in  the  same  direction  in  the  skin  of  the  frog  and  warm-blooded 
animals  as  the  current  of  rest,  although  in  the  frog  it  is  occasionally  in  the 
opposite  direction  {Hermann). 

If  the  current  be  conducted  uniformly  from  the  skin  of  both  hind  feet  of  a  cat,  on  sthnulating 
the  sciatic  nerve  of  one  side,  not  only  is  there  a  secretion  of  sweat  (J  288),  but  a  secretioU'Cur- 
rent  is  developed  {^Luchsinger  and  Ifermann),  If  two  symmetrical  parts  of  the  skin  in  the  leg 
or  arm  of  a  man  be  similarly  tested,  and  the  muscle  of  one  side  be  contracted,  a  similar  current 
is  developed.  Destruction  or  atrophy  of  the  glands  abolishes  both  the  power  of  secretion  and 
the  secretion-current.  There  is  no  secretion-current  from  skin  covered  with  hairs,  but  devoid  of 
glands  i^Bubnoff),  [The  secretion- current  from  the  salivary  glands,  /.^.,  the  submaxillary,  is 
referred  to  in  f  145  \Bayliss  and  Bradford), 1 

333.  ELECTROTONIC  CURRENTS  IN  NERVE  AND 
MUSCLE. — [When  a  constant  current,  called  the  ''  polarizing  cur- 
rent/* is  passed  through  a  stretch  of  nerve,  the  nerve  is  thrown  into  a  peculiar 
condition,  called  the  '' electrotonic  condition,"  or  briefly  electrotonus.  In 
this  condition  the  vital  properties  of  the  nerve  are  modified,  1.  e.  : — 

(i)  Its  electromotivity  (§  333). 

(2)  Its  excitability  (§  335). 

(3)  Its  conductivity  (§  335). 

The  first  is  considered  in  this  section,  and  the  latter  two  in  a  subsequent 
section.] 

1.  Positive  Phase  of  Electrotonus. — If  a  nerve  be  so  arranged  upon 
the  electrodes  (fig.  493,  I)  that  its  artificial  transverse  section  lies  on  one,  and 
its  longitudinal  on  the  other  electrode,  then  the  galvanometer  indicates  a  strong 
current.  If  now  a  constant  current  be  transmitted  through  the  end  of  the 
nerve  projecting  beyond  the  electrodes  (the  so-called  ^* polarizing**  end  of  the 
nerve),  and  if  the  direction  of  this  current  coin- 
cide with  that  in  the  nerve,  then  the  magnetic 
needle  gives  a  greater  deflection,  indicating  an 
increase  of  the  nerve-current — "  the  positive 
phase  of  electrotonus."  The  increase  is 
greater  the  longer  the  stretch  of  nerve  traversed 
by  the  current,  the  stronger  the  galvanic  cur- 
rent, and  the  less  the  distance  between  the  part 
of  the  nerve  traversed  by  the  constant  current 
and  that  on  the  electrodes. 

2.  Negative  Phase  of  Electrotonus. — If 
in  the  same  length  of  nerve,  the  constant  cur- 
rent passes  in  the  opposite  direction  to  the 
nerve-current  (fig.  493,  II),  there  is  a  diminu- 
tion of  the  electro-motive  force  of  the  latter — 
**  negative  phase  of  Electrotonus." 

3.  Equator. — If  two  points  of  the  nerve 
equi-distant  from  the  equator  be  placed  on  the 
electrodes  (III),  there  is  no  deflection  of  the 
galvanometer  needle  (p.  703,  4).  If  a  constant 
current  be  passed  through  one  free  projecting 
end  of  the  nerve,  then  the  galvanometer  indi- 


Fig.  493- 
Nerve-current  in  electrotonus.    a^ 
galvanometer ;  ^,  electrodes ;  £, 


constant  current. 

cates  an  electro-motive  effect  in  the  same  direction  as  the  constant  current. 

electrotonus. — ^These  experiments  show  that  a  constant  current  causes  a 
change  of  the  electromotive  force  of  the  part  of  the  nerve  directly  traversed  by 
the  constant  current,  /.  ^.,  in  the  intrapolar  area,  and  also  in  the  part  of  the 
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nerve  outside  the  electrodes,  /.  e,y  in  the  extrapolar  area.  [The  positive  pole 
or  the  condition  of  anelectrotonus  increases  the  electromotivity,  while  the  neg- 
ative pole  or  cathelectrotonus  diminishes  it,  exactly  the  opposite  of  what  ob- 
tains with  the  excitability.]  This  condition  is  called  electrotonus  {du  Bois- 
Reymondy  1843). 

The  electrotonic  current  is  strongest  not  far  from  the  electrodes,  and  it  may  be  twenty-five 
times  as  strong  as  the  nerve-current  of  rest  ({  33i»  5);  it  is  greater  on  the  anode  than  on  the 
cathode  side;  it  undergoes  a  negative  variation  like  the  resting  nerve-current  during tetanas; 
it  occurs  at  once  on  closing  the  constant  current,  although  it  diminishes  uninterruptedly  at  the 
cathode  {du  Bais-Reymond),  On  the  contrary,  between  the  electrodes,  besides  the  poltriang 
current  itself,  there  is  no  obvious  electrotonic  increase  of  the  current  to  be  observed  (Hermanm), 
These  phenomena  take  place  only  as  long  as  the  nerve  is  excitable.  If  the  nerve  oe  ligatured 
in  the  projecting  part  in  the  galvanometer  circuit,  the  phenomena  cease  in  the  ligmturd  part 
The  above-described  galvanic  electrotonic  changes  of  tne  extra-polar  part  are  ab^nt  in  non- 
meduUated  nerve-fibres,  whilst,  on  the  contrary,  the  physiological  electrotonus  is  present 
The  phjrsiological  electrotonus  of  meduUated  nerves  can  be  set  aside  by  treating  medullated 
nerves  with  eUier,  whilst  the  physical  phenomena  remain  {Biedermann). 

The  negative  variation  ({  332)  occurs  more  rapidly  than  the  electrotonic  increase  of  the  current, 
so  that  the  former  is  over  before  the  electro-motive  increase  occurs.  The  velocity  of  the  electro- 
tonic change  in  the  current  is  less  than  the  rapidity  of  propagation  of  the  excitement  in  the 
nerves — ^bemg  only  8  to  10  metres  per  second  (  TschirjeWy  Bernstein), 

**  The  secondary  contraction  from  a  nerve  "  depends  upon  the  electrotonic  state.  If  the 
sciatic  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  an  excised  nerve,  and  if  a  con- 
stant current  be  passed  through  the  free  end  of  the  latter — non-electrical  stimuli  being  inactive 
— the  muscles  contract.  This  occurs  because  the  electrotonizing  current  in  the  exci^d  nerve 
stimulates  the  nerve  lying  on  it  By  rapidly  closing  and  opening  the  current,  we  obtain  "  sec- 
ondary  tetanus  from  a  nerve**  (p.  708). 

[Paradoxical  Contraction. — Exactly  the  same  occurs  when  the  current  is 
applied  to  one  of  the  two  branches  into  which  the  sciatic  nerve  of  the  frog 
divides.  The  sciatic  nerve  of  the  frog  divides  at  the  lower  end  of  the  thigh 
into  the  peroneal  and  tibial  branches.  If  the  sciatic  nerve  be  divided  above, 
and  the  peroneal  branch  be  also  divided  and  stimulated  with  the  constant  cur- 
rent, the  muscles  supplied  by  the  tibial  branch  will  contract.  There  is  no  con- 
traction of  the  muscle  if  the  peroneal  nerve  be  ligatured.] 

Polarizing  After-Currents. — When  the  constant  current  is  opened,  there  are  after-cur- 
rents depending  upon  internal  polarization  (J  328).  In  Uvinfr  nerves,  muscle,  and  electrictl 
organs  this  internal  polarization  current,  when  a  strong  primary  current  of  very  short  duradoa  is 
used,  is  always  positive^  1.  ^.,  has  the  same  direction  as  the  primary  current.  Prolonged  dan* 
tion  of  the  prinuuy  current  ultimately  causes  negative  polarization.  Between  these  two  is  a 
stage  when  there  is  no  polarization.  Positive  poluization  is  especially  strong  in  nerves  when  the 
primary  current  has  the  direction  of  the  impulse  in  the  nerve ;  in  muscle,  when  the  primary 
current  is  directed  from  the  point  of  entrance  of  the  nerve  into  the  muscle  towards  the  end  of 
the  muscle  ({  334,  II). 

4.  Muscle-Current  during  Electrotonus. — The  constant  current  also 
produces  an  electrotonic  condition  in  muscle ;  a  constant  current  in  the  same 
direction  increases  the  muscle-currant,  while  one  in  an  opposite  direction 
weakens  it,  but  the  action  is  relatively  feeble. 

[Electrotonic  Phenomena  in  Conductors. — Matteucci  found  that  a  metallic  wire  sur- 
rounded by  a  moist  conductor,  when  traversed  by  a  galvanic  current,  exhibits  currents  possessing 
the  properties  of  electrotonic  currents  of  nerves.  He  also  found  that  the  currents  ceased  if  the 
wire  was  of  zinc,  and  the  envelope  a  saturated  solution  of  zinc  sulphate.  This  shows  that 
these  currents  were  due  to  polarization  between  the  core  and  the  fluid.  Hermann  finds  that 
the  currents  only  obtain  when  a  polarizable  core  is  present.  A  straw  without  joints,  if  filled 
with  a  saturated  solution  of  common  salt,  or  the  tentacles  of  a  lobster  when  moistened  with 
saline  solution,  and  traversed  by  a  constant  current,  exhilnt  siirilar  electrotonic  cuntots 
{Hering),'\ 

rBffect  of  Stimulation  on  the  Polarization  of  Nerve. — I.  During  the  flow  of  the 
polarizing  current. — When  a  constant  current  is  being  passed  through  a  piece  of  nerve,  stnm- 
fation  of  the  nerve  causes  a  positive  variation  of  the  current  (GrUnhagen,  Hermann).  This  is 
due,  not  to  a  change  in  the  resistance  of  the  nerve,  but  probably  to  a  change  in  the  intensity  of 
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the  excitatory  process  as  it  passes  along  the  polarized  nerve.  When  the  cathode  of  the  polar- 
izing current  lies  between  the  led-ofiT  area  and  the  point  of  stimulation,  the  positive  vanation 
increases  at  first  as  the  strength  of  the  polarizing  current  is  increased,  then  diminishes,  and  finally, 
with  a  current  which  is  not  very  strong,  disappears.  The  nerve-impulse  is,  in  fact,  completely 
blocked  by  the  cathode  (J7ermann),'} 

[If  at  this  stage  the  nerve  be  stimulated  in  the  intrapolar  area,  the  positive  variation  can  still 
be  obtained.  When  the  anode  b  next  the  point  of  stimulation,  the  stimulating  electrodes  being 
extrapolar,  a  limiting  density  of  the  polarizing  current  can  also  be  reached  for  which  stimulation 
has  no  effect.    This  limit  is  far  higher  than  for  the  cathode  {G,  N,  Stewart\'\ 

[When  the  extrapolar  regions  of  a  nerve  through  which  a  constant  current  is  being  passed  are 
connected  with  a  galvanometer,  it  b  seen  that  on  stimulation  the  electrotonic  currents,  both 
anodic  and  cathodic,  undei^  a  negative  variation  (Bernstein).  This  b  true  only  for  current- 
densities  bdow  a  certain  limit.  As  the  current  b  strengthened  the  negative  variation  on  the 
anodic  side  gives  place  to  a  positive  variation.  This  stage  b  reached  with  greater  difficulty  the 
greater  b  the  distance  between  the  region  of  the  nerve  led  off  to  the  galvanometer  and  (he  r^ion 
traversed  by  the  polarizing  current  (tr.  W.  Stewart),'] 

[II.  After  the  opening  of  the  polarizing  current. — When  a  voltaic  current  is  passed 
through  a  nerve  and  the  intrapolar  region  of  the  nerve  connected  with  a  galvanometer,  immedi- 
ately after  the  opening  of  the  current  the  galvanometer  nuy  show,  according  to  the  strength  of 
the  current  used  and  its  time  of  closure,  a  deflection  in  the  same  direction  as  the  current  (posi- 
tive polarization  deflection),  or  in  the  opposite  direction  (negative  polarization  deflection),  or  a 
double  deflection,  first  in  the  opposite,  and  then  in  the  same  direction  {du  Bois-Reymond).'] 

[If  the  nerve  be  stimulated  as  soon  as  the  image  has  come  to  rest,  there  will  be  a  movement 
in  the  opposite  direction  to  the  polarizing  current.  Above  a  certain  Kmit  of  current-density  the 
effect  b  less  when  the  excitation  has  to  pass  the  anode  than  when  it  has  to  pass  the  cathode 
((7.  N,  Stevfart).^ 

[When  a  voltaic  current  is  passed  through  a  nerve  and  the  extrapolar  regions  connected  with 
a  giedvanometer,  immediately  after  the  opening  of  the  polarizing  current,  the  galvanometer  indi- 
cates, in  the  case  of  the  cadiodic  area,  a  deflection  in  the  same  direction  as  Uie  polarizing  cur- 
rent; in  the  case  of  the  anodic  area  a  main  deflection  in  the  opposite  direction,  preceded  under 
certain  conditions  by  a  smaller  and  more  transitory  deflection  in  the  same  direction.  J 

[When  the  anodic  region  b  connected  with  the  galvanometer,  and  the  nerve  is  stimulated,  the 
image  moves  in  the  direction  of  diminution  of  the  main  after-current.  When  the  cathodic 
region  b  connected  with  the  galvanometer  the  movement  produced  by  stimulation  b  in  the 
direction  of  increase  of  the  after-current,  but  where  the  polarizing  current  has  been  closed  only 
for  a  very  short  time  it  is  in  the  opposite  direction.] 

[The  electromotive  effects  of  stimulation  in  polarized  nerves  may  be  all  explained  on  the 
assumption  that  during  the  flow  of  the  polarizing  current  the  conductivity  for  the  nerve-impulse 
is  less  in  the  neighborhood  of  the  cathode  than  in  the  neighborhood  of  the  anode,  and  that 
after  the  opening  of  the  current  thb  relation  is  reversed.  This  assumption  b  borne  out  by  the 
results  of  experiments  on  muscular  contraction.  When  a  ftdrly  strong  voltaic  current  b  being 
passed  through  a  nerve,  stimulation  of  the  middle  point  of  the  intrapolar  region  causes  contrac- 
tion more  readily  when  the  excitation  has  to  pass  the  anode  than  when  it  has  to  pass  the 
cathode.    After  the  opening  of  the  current  the  reverse  is  the  case  {G,  N,  Stewart)."] 

334.  THEORIES  OF  MUSCLE-  AND  NERVE-CURRENTS. 
— I.  Molecular  or  pre-existence  Theory. — To  explain  the  currents  in 
muscle  and  nerve,  du  Bois-Reymond  proposed  the  so-called  molecular  theory. 
According  to  this  theory,  a  nerve  or  muscle  fibre  is  composed  of  a  series  of 
small  electro-motive  molecules  arranged  one  behind  the  other,  and  surrounded 
by  a  conducting  indifferent  fluid.  The  molecules  are  supposed  to  have  a 
positive  equatorial  zone  directed  towards  the  surfiace,  and  two  negative  polar 
surfaces  directed  towards  the  transverse  section.  Every  fresh  transverse  section 
exposes  new  negative  surfaces,  and  every  artificial  longitudinal  section  new 
positive  areas. 

This  scheme  explains  the  strong  currents, — when  the  -f  longitudinal  surface  is  connected 
with  the  —  transverse  surface,  a  cnrrent  is  obtained  from  the  former  to  the  latter, — but  it  does 
not  explain  the  feeble  ctirrents.  To  explain  their  occurrence  we  must  assume  that,  on  the  one 
hand,  the  electro-motive  force  of  the  molecules  is  weakened  with  varying  rapidity  at  unequal 
distances  from  the  equator;  on  the  other,  at  unequal  distances  from  the  transverse  section. 
Then,  of  course,  differences  of  electrical  potential  obtain  between  the  stronger  and  the  feebler 
molecules. 

Parelectronomy. — But  the  Ma/Mr^/ transverse  section  of  a  muscle,  i.  e.,  the  end  of  the  tendon, 
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is  not  n^;ative,  but  more  or  less  positive  electrically.  To  explain  this  cooditioD,  ds  Bois- 
Rejmond  assumes  that  on  the  end  of  the  tend<m  there  is  a  layer  of  electro-positiTe  node 
substance.  He  supposes  that  each  of  the  peripolar  elements  of  muscle  consists  of  two  bipolv 
elements,  and  that  a  layer  of  this  half  element  lies  at  the  end  of  the  tendon,  so  that  its  postm 
side  is  turned  towards  the  free  surface  of  the  tendon.  This  layer  he  calb  the  *<  pardectnoo- 
mic  layer."  It  is  never  completely  absent.  Sometimes  it  is  so  marked  as  to  make  the  eod  of 
the  tendon  -f  in  relation  to  the  surface.  Cauterization  destroys  it  [It  is  supposed  to  be  £»(nd 
by  cold.] 

The  negative  variation  is  explained  by  sufiposing  that  during  the  action  of  a  mnsde  aad 
nerve  the  electro-motive  force  of  all  the  molecules  is  diminished.  During  partial  ooodadJoE 
of  a  muscle,  the  contracted  part  assumes  more  the  character  of  an  indifferent  condactor,  vlocb 
now  becomes  connected  with  the  negative  zone  of  the  passive  contents  of  the  mnsciilar  fibm 

The  electrotonic  currents  beyond  the  electrodes  in  nerves  must  be  explained.  To  expUiatk 
electrotonic  condition,  it  is  assumed  that  the  bipolar  molecules  are  capable  of  rotatioa.  TV 
polarizing  current  acts  upon  the  dhrection  of  the  molecules,  so  that  Uiey  turn  their  DegUm 
surfaces  towards  the  anode  and  their  positive  surfaces  to  the  cathode,  whereby  the  moleoriaof 
the  intrapolar  region  have  the  arrangement  of  a  Volta's  pile.  In  the  part  of  the  oerft  ottade 
the  electrodes,  the  further  removed  it  is,  the  less  precisely  are  the  molecules  anangcd.  Heoce, 
the  swing  of  the  needle  is  less  the  further  the  extrapolar  portion  is  from  the  dectrodes. 

II.  Difference  or  Alteration  Theory. — ^The  difference  theory  wasp 
posed  by  L.  Hermann ,  and,  according  to  him,  the  four  following  considerations 
are  sufficient  to  explain  the  occurrence  of  the  galvanic  phenomena  in  living 
tissues : — (i)  Protoplasm,  by  undergoing  partial  death  in  its  continuity,  whether 
by  injury  or  by  (horny  or  mucous)  metamorphosis,  becomes  negative  towards 
the  uninjured  part.  (2)  Protoplasm,  by  being  partially  excited  in  its  con- 
tinuity, becomes  negative  to  the  uninjured  part.  (3)  Protoplasm,  when  partialU 
heated  in  its  continuity,  becomes  positive,  and  by  cooling  negative,  to  die 
unchanged  part.  (4)  Protoplasm  is  sXxongXy  poiarizable  on  its  surface  (nrasde, 
nerve),  the  polarization  constants  diminishing  with  excitement  and  in  the  process 
of  dying. 

Streamless  Fresh  Muscles. — It  seems  that  passive,  uninjured,  and  abso- 
lutely fresh  nerves  and  muscles  are  completely  devoid  of  a  current,  e,  |.,  the 
heart  {Engeimann),  also  the  musculature  of  fishes  while  still  covered  bjthe 
skin. 

[According  to  Hermann,  the  currents  obtained  from  muscle  are  due  toinjory 
of  the  muscle-substance,  whereby  a  difference  of  potential  is  set  up,  the  injored 
part  being  negative  to  the  uninjured.  In  fact,  it  is  impossible  to  isolate  a 
muscle  without  injuring  it,  owing  to  its  connections.  Frogs  exhibit  skin^iff- 
rents  after  the  skin  is  destroyed ;  the  muscles  still  exhibit  currents,  bat  Her- 
mann explains  this  by  the  action  of  the  irritant  used  to  destroy  the  skin,  afeo 
aflfecting  the  muscle.  In  fishes,  however,  there  are  no  skin-currents,  and  ii 
they  be  curarized,  absolutely  no  current  is  obtained  from  their  uninjured  nwscies 
{Hermann),  The  heart  also  when  passive  and  uninjured  gives  no  current,  /.  ^. 
it  is  iso-electrical,  although  it  exhibits  an  action-current  when  it  contracts,  aod 
every  injured  part  in  it  possesses  a  negative  electrical  potential  with  referewt 
to  the  rest.] 

L.  Hermann  also  finds  that  the  muscle-current  is  always  developed  after  a  time,  wbkkiivff? 
short,  when  a  new  transverse  section  is  made.  [By  means  of  his  **  Fall-rheotom  '*  an  vtm^ 
ment  whereby  a  weight,  covered  with  shagreen,  injured  a  muscle,  and  at  the  tame  time  dose^ 
and  opened  a  galvanometer  circuit,  Hermann  was  able  to  show  that  the  cnrrent— denarcitic^ 
current — took  a  certain  time  to  develop.  Had  it  been  pre-existent,  as  supposed  by  de  Bds- 
Reymond,  this  ought  not  to  have  been  the  case.] 

Demarcation-Current. — Every  injury  of  a  muscle  or  nerve  causes  at  ^ 
point  of  injury  (demarcation  surface)  a  dying  substance,  which  befaafes  d^ 
tively  to  the  positive  intact  substance.  The  current[thus  produced  is  ctlkd  bf 
Hermann  the  '*  demarcation-current. ' '  If  individual  parts  of  a  muscle  be  nwi^- 
ened  with  potash  salts  or  muscle-juice,  they  become  negatively  electrical;^ 
these  substances  be  removed  these  parts  cease  to  be  negative  (JBiedermami)' 
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It  appears  that  all  living  protoplasmic  substance  has  a  special  property,  whereby  injury  of  a 
part  of  it  makes  it,  when  dying,  negative,  while  the  intact  parts  remain  positively  electrical. 
Thos,  all  transverse  sections  of  Uving  parts  of  plants  are  negative  to  dieir  surface  {Buff) ;  and 
the  same  occurs  in  animal  parts,  /^.,  glands  and  bones. 

Engelmann  made  the  remarkable  observation  that  the  heart  and  smooth  muscle  again  lose 
the  negative  condition  of  their  transverse  section,  when  the  muscle-cells  are  completely  dead,  as 
far  as  the  cement*  substance  of  the  nearest  cells;  in  nerves,  when  the  divided  portion  dies,  as  £Eur 
as  the  first  node  of  Ranvier.  When  all  these  organs  are  again  completely  streamless,  then  the 
absolutely  dead  substance  behaves  essentially  as  an  indifferent  moist  conductor.  Muscles 
divided  subcutaneously  and  healed  do  not  exhibit  a  negative  reaction  of  the  surface  of  their 
section. 

All  these  considerations  go  to  show  that  the  pre-existence  of  a  current  in 
living  uninjured  tissues  can  no  longer  be  maintained. 

Theoretical. — Grilnhagen  and  L.  Hermann  explain  the  electrotonic  currents  as  being  due 
to  internal  polarization  in  the  nerve-fibre  between  the  conducting  core  of  the  nerve  and  the 
enclosing  sheaths.  Matteucci  found  that,  when  a  wire  is  surrounded  with  a  moist  conductor,  and 
the  covering  placed  in  connection  with  the  electrodes  of  a  constant  current,  currents  similar  to 
the  electrotonic  currents  in  nerves,  and  due  to  polarization,  are  developed.  If  either  the  wire  or 
the  moist  covering  be  interrupted  at  any  part,  then  the  polarization  current  does  not  extend  be- 
yond  the  rupture  (p.  712).  The  polarization  developed  on  the  surface  of  the  wire  by  its  transi- 
tion-resistance causes  the  conducted  current  to  extend  much  beyond  the  electrodes. 

Muscles  and  nerves  consist  of  fibres,  surrounded  by  indifferent  conductors.  As  soon  as  a  con- 
stant current  is  closed,  on  their  surface,  internal  polarization  is  developed,  which  produces  the 
electrotonic  variation ;  it  disappears  again  on  opening  or  breaking  the  current.  Polarization  is 
detected  by  the  fact  that,  in  living  nerve,  the  galvanic  resistance  to  conduction  across  a  fibre  is 
about  five  times,  and  in  muscles  about  seven  times,  greater  than  in  the  longitudinal  direction. 

Action-Currents. — The  term  "  action-current  "  is  applied  by  L.  Her- 
mann to  the  currents  obtained  during  the  activity  of  a  muscle  or  nerve. 
When  a  single  contraction -wave  passes  along  a  muscular  fibre,  connected 
at  two  points  with  a  galvanometer,  then  that  point  through  which  the  wave  is 
just  passing  is  negative  to  the  other.  Occasionally,  in  excised  muscles,  local  con- 
tractions occur,  and  these  points  are  negative  to  the  other  passive  parts  of  the 
muscle  {Biedermann).  In  order,  therefore,  to  explain  the  currents  obtained 
from  a  frog's  leg  during  tetanus,  we  must  assume  that  the  end  of  the  fibre 
which  is  negative  participates  less  in  the  excitement  than  the  middle  of  the  fibre. 
But  this  is  the  case  only  in  dying  or  fatigued  muscles. 

According  to  {  336,  D,  the  direct  application  of  a  constant  current  to  a  muscle  causes  contrac- 
tioii  first  at  the  cathode,  when  the  current  is  closed,  and,  when  it  is  opened,  at  the  anode.  This 
Is  explained  by  assuming  that,  during  the  closing  contraction,  the  muscle  is  negative  at  the 
cathode,  while  with  the  opening  contraction  the  negative  condition  is  at  the  anode. 

If  a  muscle  be  thrown  into  contraction  by  stimulating  its  nerve,  then  the  wave  of  excite- 
ment travels  from  the  entrance  of  the  nerve  to  both  ends  of  the  muscle,  which  also  behave 
negatively  to  the  passive  parts  of  the  muscle.  According  to  the  point  at  which  the  nerve  enters 
the  muscle  the  ascending  or  descending  wave  of  excitement  will  reach  the  end  (origin  or  inser- 
tion) of  the  muscle  sooner  than  the  other.  On  placing  such  a  muscle  in  the  galvanometer  cir- 
cuit, then  at  first  that  end  of  the  muscle  will  be  negative  which  lies  nearest  to  the  point  of 
entrance  of  the  nerve  {e.g.y  the  upper  end  of  the  gastrocnemius),  and  afterwards  the  lower  end. 
Thus,  there  appear  rapidly  after  each  other,  at  first  a  descending— or  diphasic — current  in  the 
galvanometer  chxmit,  of  course  reversed  within  the  muscle  itself  (  Sig,  Mayer)  (J  332,  4). 

The  same  occurs  in  the  muscles  of  the  human  fore-arm.  When  these  were  catued  to  con- 
tract through  their  nerves,  at  first  the  point  of  entrance  of  the  nerve  (10  cm.  above  the  elbow- 
joint)  was  negative,  and  then  followed  the  ends  of  the  muscles  when  the  contraction-wave,  with 
a  velocity  of  lO  to  13  metres  per  second,  reached  them  (Z.  Hermann)  ({  399,  i). 

If  a  completely  uninjured,  streamless  muscle  be  made  to  contract  directly  and  in  toto,  then 
neither  during  a  single  contraction,  nor  in  tetanus,  is  there  a  current,  because  the  whole  of  the 
muscle  pasMS  at  the  same  moptent  into  a  condition  of  contraction. 

Dying  Nerve. — Hermann  also  supposes  that  the  contents  of  dying  and  active  nerves  behave 
n^atively  to  the  passive  normal  portions. 

Imbibition  Currents. — ^When  water  flows  through  capillaiy  spaces,  this  is  accompanied  by 
an  electrical  movement  in  the  same  direction  ( Quincke ,  ZoUner),  Similarly,  the  forward  move- 
ment of  water  in  the  capillary  interspaces  of  non-living  parts  (pores  of  a  porcelain  plate)  is  also 
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connected  with  electrical  movements,  which  hare  the  same  direction  as  the  current  of  water. 
The  same  effect  occurs  in  the  movement  of  water,  which  results  in  that  conditioo  known  as 
imbibition  of  a  body.  We  must  remember  that  at  the  demarcation  surface  of  an  injured  nerre  or 
muscle  imbibition  takes  place ;  that  also  at  the  contracted  parts  of  a  muscle  imUbitioD  of  fluid 
occurs  (2  227,  II) ;  and  that  during  secretion  there  is  a  movement  of  the  fluid  particles. 

In  plants,  electrical  phenomena  have  been  observed  during  the  passive  benoing  of  vegetable 
parts  (leaves  or  stalks),  as  well  as  during  the  active  movements  which  are  assodated  with  the 
bending  of  certain  parts,  e.g.^  as  in  the  mimosa  and  dionaea  (BurdoH'Sanderson).  These 
phenomena  are  perhaps  explicable  by  the  movement  of  water  which  must  take  place  in  the  iot^ 
rior  of  the  vegetable  parts  {A,  G,  JCunkgl).  The  root-cap  of  a  sprouting  plant  is  negative  to  the 
seed  coverings  (Hermann) ;  the  cotyledons  positive  to  the  other  parts  of  the  seedling  (M/ier- 
Hettlingen),  In  the  incubated  hen's  egg,  the  embryo  is  -|-  ,  the  yelk —  {Hermann  and  v. 
Gendre), 

335.  ELECTROTONIC  ALTERATION  OF  THE  EXCITA 
BiLlTY. — Cause  of  Electrotonus.  If  a  certain  stretch  of  a  living  nerve 
be  traversed  by  a  constant  electrical  or  **  polarizing  "  current,  it  passes  into 
a  condition  {Rittery  1802,  and  others)  which  du  Bois-Reymond  called  the 
electrotonic  condition,  or  electrotonus,  whereby  its  vital  properties,  includ- 
ing its  excitability,  conductivity,  and  electromotivity,  are  modified. 
Here  we  shall  consider  the  electrotonic  variation  of  the  excitability. 
This  condition  of  altered  excitability  extends  not  only  over  the  part  actually 
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Fig.  494. 
Scheme  of  the  electrotonic  excitability. 

traversed  by  the  current,  /.^.,  t\ie  intrapolar  portion^  but  it  is  communicated  to 
the  entire  nerve,  i.e.,  to  the  extrapolar  portions.  Pfliiger  discovered  the  fol- 
lowing laws  of  electrotonus  : — 

At  the  positive  pole  or  anode  the  excitability  is  diminished — this  is  the 
region  of  anelectrotonus  ;  at  the  negative  pole  or  cathode  {K)  it  is  increased 
— this  is  the  region  of  cathelectrotonus.  The  chances  of  excitability  are  most 
marked  in  the  regions  of  the  poles  themselves  (fig.  494,  A). 

Indifferent  Point. — In  the  intrapolar  region  a  point  must  exist  where 
the  anelectrotonic  and  cathelectrotonic  regions  meet,  where,  therefore,  the 
excitability  is  unchanged ;  this  is  called  the  indifference  or  neutral  point. 
This  point  lies  nearer  the  anode  (/ )  with  a  weak  current,  but  with  a  strong  cur- 
rent nearer  the  cathode  (/"  ) ;  hence,  in  the  first  case,  almost  the  whole  intrapolar 
portion  is  more  excitable  ;  in  the  latter,  less  excitable.  [Expressed  otherwise, 
a  weak  current  increases  the  area  over  which  the  negative  pole  prevails,  while 
the  reverse  is  the  case  with  a  strong  current.  Or  in  the  intrapolar  region,  the 
diminution  of  excitability  extends  as  the  strength  of  the  current  increases,  or,  to 
put  it  otherwise,  with  an  increasing  strength  of  current  the  indifferent  point 
moves  from  the  positive  to  the  negative  pole.]  Very  strong  currents  greatly 
diminish  the  conductivity  at  the  anode,  and,  indeed,  may  make  the  nerve 
completely  incapable  of  conduction  at  this  part. 
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At  the  cathode  also,  but  only  after  the  polarizing  current  has  passed  for  some  time  through 
the  nerve  ( H^m^),  the  excitability  is  diminished,  and  the  nerve  in  this  area  is  rendered 
incapable  of  conduction  ( GrUnhagen). 

Extrapolar  Region. — The  extrapolar  area,  or  that  lying  outside  the 
electrodes,  is  greater  the  stronger  the  current.  Further,  with  the  weakest  cur- 
rents, the  extrapolar  anelectrotonic  area  is  greater  than  the  extrapolar  cath- 
electrotonic.     With  strong  currents  this  relation  is  reversed. 

Fig.  494  shows  the  excitability  of  a  nerve  (iV,  n)  traversed  by  a  constant  current  in  the 
direction  of  the  arrow.  The  curve  shows  the  degree  of  increased  excitability  in  the  neighbor- 
hood of  the  cathode  (A^  as  an  elevation  above  the  nerve,  diminution  at  the  anode  {A)  as  a 
depression.  The  curve  w,  <?,  i^',p^  r,  shows  the  degree  of  excitability  with  a  strong  current; 
f ,/,  1^,  A,  k,  with  a  medium  current ;  lastly,  a,  b,  1,  r,  </,  with  a  weak  current. 

The  electrotonic  effect  increases  with  the  length  of  the  nerve  traversed  by  the  current.  The 
changes  of  the  excitabihty  in  electrotonus  occur  instantly  when  the  circuit  is  closed,  while 
anelectrotonns  develops  and  extends  more  slowly.  Cold  diminishes  electrotonus  [Hermann  and 
V.  Gendre). 

When  the  polarizing  current  is  opened  or  broken,  at  first  there  is  a  reversal 
of  the  relations  of  the  excitability,  and  then  there  follows  a  transition  to  the 
nornaal  condition  of  excitability  of  the  passive  nerve  {Ffluger),  At  the  very 
first  moment  of  closing,  Wundt  observed  that  the  excitability  of  the  whole 
nerve  was  increased. 


B 
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I.  Proof  of  Electrotonus  in  Motor  Nerves. — To  test  the  laws  of  electrotonus,  take  a  frog's 
nerve-muscle  preparation  (fig.  486).  A  constant  current  (p.  691)  is  applied  to  a  limited  part 
of  the  nerve  by  means  of  non-polarizable  electrodes.  A  stimulus, 
electrical,  chemical  (saturated  solution  of  common  salt),  or  mechan- 
ical is  applied  either  in  the  region  of  the  anode  or  cathode ;  and  we 
observe  whether  the  contraction  which  results  is  greater  when  the 
polarizing  current  is  opened  or  closed.  We  shall  consider  the  fol- 
lowing cases  (fig.  495). 

(a)  Descending  extrapolar  anelectrotonus.  With  a  descend- 
ing current  we  have  to  test  the  excitability  of  the  extrapolar  region 
at  the  anode.  If  the  stimulus  (common  salt)  applied  at  R  (while 
the  circuit  was  <^)en)  causes  in  this  case  (A)  moderately  strong 
contractions  in  the  limb,  then  these  at  once  become  weaker,  or 
disappear  as  soon  as  the  constant  current  is  transmitted  through  the 
nerve.  After  the  circuit  is  opened,  the  contractions  produced  by  the 
salt  again  occur  of  the  original  strength. 

(b)  Descending  extrapolar  cathelectrotonus  (A).  The 
stimnlus  (salt)  is  at  R,,  and  the  contractions  thereby  produced  are  at 
once  increased  after  closing  the  polarizing  current.  On  opening  it 
they  are  again  weakened. 

(c)  Ascending  extrapolar  anelectrotonus  (B).  The  salt  lies 
at  r, ;  the  moderately  strong  contractions  excited  by  the  salt  before 
the  current  is  made  become  feebler  after  the  current  is  made. 

(d)  Ascending  extrapolar  cathelectrotonus  (B).    The  salt 


Fig-  495- 


lies  at  r.     In  this  case  we  must  distinguish  according  to  the  strength  Method  of  testing  the  ex- 


citability in  electrotonus. 
R,  r,  Rj,  Tj,  where  the 
common  salt  (stimulus)  is 
applied. 


of  the  polarizing  current:     (i)  When  the  current  is  veryweak^ 

which  can  be  olHained  with  the  aid  of  the  rheocord  (fig.  458),  on 

closing  the  polarizing  current,  there  is  an  increase  of  the  contraction 

prodnced  by  salt.     (2)  If,  however,  the  current  is  stranger,  the 

contractions  become  eitner  smaller  or  cease.    This  is  due  to  the  fact 

that  with  strong  currents  the  conductivity  of  the  nodes  is  diminished  or  even  abolished  (see 

above).     Although  the  salt  acts  on  the  excitable  nerve,  there  is  no  contraction  of  the  muscle,  as 

the  conduction  of  an  impulse  is  prevented  by  the  resistance  in  the  nerve. 

The  law  of  electrotonus  may  also  be  demonstrated  on  a  completely  isolated  nerve. 
The  end  of  the  nerve  is  properly  disposed  upon  electrodes  connected  with  a  galvanometer,  so  as 
to  obtain  a  strong  nerve-current.  If  the  nerve,  when  the  constant  current  is  closed,  is  stimu- 
lated in  the  anelectrotonic  area,  e,  g,,  by  an  induction  shock,  then  the  negative  variation  is 
itftaker  than  when  the  polarizing  circuit  was  open.  Conversely,  it  is  stronger  when  it  is  stimu- 
lated in  the  cathelectrotonic  area.  The  currents  from  the  extrapolar  areas  of  a  nerve  in  a  con- 
dition of  electrotonus,  exhibit  the  negative  variation  when  the  nerve  is  stimulated  [Bernstein). 
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[Tigerstedi,  inatead  of  «nip1oyiTie  *n  eleclricil  or  cbemtcal  ilimnliu  to  excite  tbe  decuMonic 
nerve,  mtd  an  apparatu*  like  Heidenhain'a  teiaooineter,  whereby  the  nerve  wai  beaten  gtntlj 
with  a  small  ivocji  hammer.     He  fully  confirms  Pflilger's  results.] 

Proof  in  Man. — In  perfonning  this  expcrimcot  it  is  important  to  remember  the  distribnilM 
of  the  current  in  the  body.  If  both  eiectiodes,  for  example,  be  placed  over  the  course  of  ihe 
ulnar  nerve  (lig.  496),  the  currents  entering  Ihe  nerve  at  the  anode  (-|-  a  a)  must  diminithlbe 
excitability;  only  above  and  below  the  anode  (at  c  f)  the  positive  current  emergti  fito  lie 
nerve  and  exciles  ulhcicctrolonua  at  these  points.  Similarly,  whae  the  Cathode  is  tg^ied 
( —  e  c)  there  is  increased  excitability,  but  in  higher  and  lower  pacts  of  the  nerve,  whcrF  |il 
a  a)  the  poaitive  cnrrent  (coming  from  -f-  )  enten  the  nerve,  the  excitability  ii  diminiihed 
(inelectrolonus)  {v.  H/tmholu,  Eri).  If  we  desire  to  stimulate  in  the  neighborhood  of  iii 
eleclrode,  then  we  cannot  act  upon  that  part  of  the  nerve  whose  excitability  ii  influenced  by  the 
electrode.  In  order,  therefore,  to  slimDlate  diniily  the  same  point  on  which  the  dcctcode  t/Oi, 
it  is  necessary  to  apply  the  stimulus  at  the  same  lime  by  the  electrode  itself,  t.g.,  dihet  meclua- 
ically  or  by  conducting  Ihe  stimutaling  conent  through  the  polariiing  circait  ( W^Ur  mi  di 
WalUvilU). 

II.  Proof  of  Blectrotonua  in  Sensory  Nervca. — Isolate  Ihe  sciatic  nerreof  adecapitaied 
frt^.  When  this  nerve  is  stimulated  in  its  course  with  a  salarated  solution  of  common  silt). 
refltx  mevemmls  are  excited  in  Ihe  other  leg,  the  spinal  cord  being  Intact.  TbeM  disappear  as 
toon  as  a  constant  current  is  applied  lo  the  nerve,  provided  the  salt  lies  in  the  aDelectrotoaic 
area  (J^fiBgtr  anJ  ZutheUi,  HdUilhi). 

III.  Proof  of  BlecUotonua  in  Inhibitoiy  Nervea, — To  «ho«  this,  proceed  Ibus :   Oo 


Hg.  496- 
Scheme  of  the  distribution  of  an  electrical  current  in  the  nerre  on  galvanizing  the  uIdu 

causing  dysuniea  in  a  rabbit,  the  number  of  heart  heats  is  diminished,  owing  to  the  actioii  of  the 
dyspnceic  blood  on  the  card io  inhibitory  centre  in  the  medulla  oblongata.  If,  after  dividing  the 
vagus  on  one  side,  a  constant  descending  current  be  passed  through  Ihe  other  intact  vagus,  ^e 
number  of  pulse-beats  is  again  increased  (descending  extrapotar  anelcdrotonus).  If.  hovent. 
the  current  through  ihe  nerve  be  an  ascending  one,  then  with  iii€ak  currents  the  nnn^NT  of  hesn- 
beals  increases  still  more  (ascending  extrapolar  cathelectrotonus).  Hence,  the  acticn  of  iolub- 
itoiy  nerves  in  electnxonus  is  the  opposite  of  tkai  of  motor  nerve*. 

During  the  elecirotonus  of  muscle,  the  excitability  of  the  intrapolar  portkui 
is  altered.  The  delay  in  the  conduction  is  confined  to  this  area  alone 
{v.  Bezolil) — compare  §  337,  i. 

336.  ELECTROTONUS— LAW  OF  CONTRACTION.— Open 

.  ing  and  Closing  Shocks. — A  nerve  is  stimulated  both  at  the  moment  of  the 
occuTrence  and  that  of  disappearance  of  electrotonus  (1.  e.,  by  closing  and 
o[}ening  the  current — Ritter') :  (i)  When  the  current  is  closed,  the  stimulation 
occurs  only  at  the  cathode,  i.  e.,  at  the  moment  when  the  cathelectrotoniK 
takes  place  (fig.  498).  (2)  When  the  current  is  opened,  stimulation  occnn 
only  at  the  anode,  i.  e.,  at  the  moment  when  the  anelcctroionus  disappears. 
[This  is  Pfliiger's  weli-known  principle — "  A  given  tract  of  nerve  is  stintulated 
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by  the  appearance  of  cathelectrotonus  and  the  disappearance  of  anelectrotonus — 
noty  however^  by  the  disappearance  of  ccUhelectrotonus  nor  by  the  appearance  of 
anelectrotonus,'*    From  this  principle  can  be  deduced  the  so-called  law  of  con- 
traction.] (3)  The  stimulation  at  the  occurrence  of  cathelectrotonus  is  stronger 
than  that  at  the  disappearance  of  anelectrotonus  {Fftuger), 

Proof  of  stimulation  at  the  anode  at  break.  Ritter's  Opening  Tetanus. — That  stimu- 
lation occurs  only  at  the  anode  when  the  current  is  opened,  i.  ^.,  broken,  was  proved  by  PflUger 
by  means  of  "  Ritter's  opening  tetanus."  Ritter*s  tetanus  consists  in  this,  that  when  a  constant 
current  is  passed  for  a  long  time  through  a  long  stretch  of  nerve,  on  opening  the  current,  tetanus 
lasting  for  a  considerable  time  results.  I  f  the  current  was  a  descending  one  [1.^.,  with  the  — 
pole  next  the  muscle],  then  this  tetanus  ceases  at  once  after  section  of  the  intrapolar  area, 
a  proof  that  the  tetanus  resulted  from  the  now  separated  anode.  If  the  current  was  an 
ascending  one  [1.  /.,  with  the  -|-  pole  next  the  muscle],  section  of  the  nerve  has  no  effect  on 
the  tetanus. 

Proof  of  stimulation  at  the  cathode  at  make.— Pflilger  and  v.  Bezold  found  a  further 
proof  tkat  ike  closing  or  make  contraction  proceeds  from  ike  catkode^  and  ike  opening  or  break 
contraction  from  tke  anode,  by  showing  that  with  a  descending  current,  the  closing  contrac- 
tion in  the  »""*^^**  at  the  moment  of  closing  occurred  ear/ier,  while  the  opening  contraction  at 
the  moment  of  opening  occurred-/a/fr/  and,  conversely,  with  an  ascending  current  the  closing 
contraction  occurred  later,  and  the  opening  contraction  sooner.  The  difference  in  time  corres- 
ponds to  the  time  required  for  the  propagation  of  the  impulse  in  the  intrapolar  region  (§  337). 
If  a  large  part  of  the  intrapolar  region  in  a  frog's  nerve  be  rendered  inexcitable  by  applying 
ammonia  to  it,  then  only  the  electrode  next  the  muscle  stimulates,  i.  e.,  always  on  closing 
or  making  a  descending  current  and  on  opening  or  breaking  an  ascending  one  {Biedermann). 

A.  The  law  of  contraction  is  valid  for  all  kinds  of  nerves — I.  The  con- 
traction at  the  closing  or  opening  of  a  constant  current  varies  with — 

{a)  The  direction  {Pfaff),  and 

\b)  The  strength  of  the  current  {Heidenhain). 

(i)  A  weak  current,  in  conformity  with  the  third  of  the  above  statements, 
causes  only  a  closing  contraction,  both  with  an  ascending  and  a 
descending  current.  The  disappearance  of  electrotonus  is  so  feeble  a 
stimulus  as  not  to  excite  the  nerve. 

(2)  A  medium  current  causes  contractions  at  make  and  break,  both  with 
an  ascending  and  a  descending  current. 

(3)  A  strong  current  causes  only  a  closing  contraction  with  a 
descending  current ;  there  is  no  contraction  at  break,  because  with  very 
strong  currents  almost  the  whole  of  the  intrapolar  portion  of  the  electrotonic 
nerve  is  incapable  of  conducting  an  impulse  (p.  717);  an  ascending  cur- 
rent causes  only  a  contraction  at  break  for  the  same  reason.  With  a  certain 
strength  of  current,  the  muscle  remains  tetanic  while  the  current  is  closed 
(*  *  closing  tetanus ' ' ) . 

[The  Pfliiger's  so-called  law  of  contraction  may  be  formulated  as  fol- 
lows :  R  =  rest ;  C  =  contraction  (fig.  497).] 
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II.  In  a  dying  nerve,  losing  its  excitability,  according  to  the  Ritter-Valli 
l^w  (^§  325,  7),  the  law  of  contraction  is  modified.     In  the  stage  of  increased 
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excitability,  weak  currents  cause  only  closing  contractions  with  both  directions 
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Fig.  497. 
Scheme  illustrating  Pflttger*s  50-caUed  law  of  contraction  (Stirling). 


following  stage,  vbcn 
the  excitability  begins 
to  diminish,  weak  car- 
rents  cause  opening 
and  closing  contrac- 
tions with  both  cur- 
rents. I.,astly,  when 
the  excitability  is  ven 
greatly  diminished, 
the  descending  conent 
is  followed  only  by  a 
closing  contraction, 
and  the  ascending  b) 
an  opening  contrac- 
tion {^Ritter,  1829). 
III.  As  the  various  changes  in  excitability  occur  in  a  centrifugal  direction 
along  the  nerve,  we  may  detect  the  various  stages  simultaneously  at  different 
parts  along  the  course  of  the  nerve.  According  to  Valentm  and  Fick,  tk 
living  intact  nerve  shows  only  a  closing  contraction  with  both  directions  of  the 
current,  and  opening  contractions  only  with  very  strong  currents. 

Eckhard  observed  that,  on  opening  an  ascending  medium  current  applied  to  the  hypogksL 
nerve  of  a  rabbit,  one-half  of  Uie  tongue  exhibited  a  trembling  movement  instead  of  a  ootfnc- 
tion,  while  on  closing  a  descending  current,  the  same  result  occurred  ({  297,  3). 

According  to  Pfliiger,  we  may  represent  to  ourselves  what  happens  as  fol- 
lows :  The  molecules  of  the  passive  nerve  are  in  a  certain  state  of  median 
mobility.  In  cathelectrotonus  the  mobility  of  the  molecules  is  increased 
in  anelectrotonus  it  is  diminished.  When  the  nerve-molecules  pass  froa 
the  condition  of  rest  to  a  more  mobile  condition,  1.  e,,  the  appearance  of  cath- 
electrotonus;  or  when  they  pass  from  a:  ntoFe  ^stable  into  a  medium  state 
of  mobility,  /.  e, ,  the  disappearance  of  anelectrotonus,  each  condition  acts  as  a 
stimulus. 

B.  The  law  for  inhibitory  nerves  is  similar.  Moleschott,  v.  Bezokl 
and  Donders  have  found  similar  results  for  the  vagus,  with  this  difference, 
that,  instead  of  the  contraction  of  a  muscle,  there  is  inhibition  of  the  heart 

C.  For  sensory  nerves  also  the  result  is  the  same,  but  we  must  remember 
that  the  perceptive  organ  lies  at  the  central  end  of  the  nerve,  while  in  a  motor 
nerve  it  is  at  the  periphery  (muscle).  Pfliiger  studied  the  effect  of  closing  and 
opening  a  current  on  sensory  nerves  by  observing  the  reflex  movement 
which  resulted.  Weak  currents  cause  only  closing  contractions;  ««&» 
currents  both  opening  and  closing  contractions;  strong  descending  correns 
only  opening  contractions ;  and  ascending  only  closing  contractions.  Weak 
currents  applied  to  the  human  skin  cause  a  sensation  with  both  directions  d 
the  current  only  at  closing ;  strong  descending  currents  a  sensation  only  at  tfe^ 
ing;  strong  ascending  currents  a  sensation  only  at  closing  (^Mariamni^  Maitemidy 
When  the  current  is  closed,  there  is  prickly  feeling,  which  increases  with  tk 
strength  of  the  current  (  Volta),  Analogous  phenomena  have  been  observed  ff 
the  sense  organs  (sensations  of  light  and  sound)  by  Volta  and  Ritter. 

D.  In  muscle,  the  law  of  contraction  is  proved  thus — ^by  fixing  one  end  of 
the  muscle,  keeping  it  tense,  so  that  it  cannot  shorten,  and  opening  and  dosirg 
the  current  at  this  end.  The  end  of  the  muscle,  which  is  free  to  rooTC,  sbo*^ 
the  same  law  of  contraction  as  if  the  motor  nerve  were  stimulated  [v,  Bes^  • 
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On  closiBg  the  cnrrent,  the  contraction  begins  at  the  cathode ;  on  opening,  at 
the  anode  {Engelmann). 

[Engelmann's  Experiment. — In  order  to  demonstrate  that,  when  a  con- 
stant current  is  applied  to  a  muscle,  stimulation  occurs  only  at  the  cathode 
when  the  current  is  made  (closed)  and  at  the  anode  when  it  is  broken  (opened), 
suspend  a  curarized  sartorius  of  a  frog  (Ag.  498,  R),  and  pass  through  its  upper 
end  a  constant  current.  On  closing  the  current  the  contraction  takes  place  at 
the  cathode  and  the  muscle  contracts  towards  (C),  but  at  break  it  contracts  at 
the  anode  and  turns  towards  (6).] 

E.  Hering  and  Biedermann  showed  more  clearly  that  doth  the  closing  and 
opening  contractions  are  purely  polar  effects;  when  a  weak  current  applied  to  a 
muscle  is  made,  the  first  effect  is  a  small  contraction, 
limited  to  the  cathodic  half  of  the  muscle.     Increase  of 
the  current  causes  increased  contraction,  which  extends  '  '"^"" 

to  the  anode,  but  which  is  weaker  there  than  at  the 
cathode ;  at  the  same  time,  the  muscle  remains  con- 
trolled dnfing  the  time  the  current  ts  made.  At  break, 
the  contraction  begins  at  the  anode ;  even  af^er  break- 
ing the  current,  the  muscle  for  a  time  may  remain  con- 
tracted, which  condition  ceases  on  making  the  current 
in  the  same  direction.  The  law  of  polar  stimulation 
obtains  in  the  case  of  smooth  muscle,  e.  g.,  in  the 
excised  uterus  and  intestines,  in  the  cutaneous  muscle 
of  worms  and  holothunans.     Most  Rhizopoda  show  the  p      gg 

reverse  effect,  viz.,  the  anodic  action  on  closing  the  „  ,  /  -n  '  , 

"  bcnoae    01    Jingelmumi 


B7  killii^  th«  end  of  a  muscle  id  TRrkius  ways  the  excitability  a        tonua  (R)  of  a  frog. 
diniDithed  near  thii  pait.     Hence,  at  such  a  place  the  polar  aclinti 

is  feeble  (van  Lmh  and  EvgelmanH,  Sirtiernianm),  Touching  a  put  with  eilracl  of  flesh, 
potaih,  or  alcohol  diminishei  locally  the  polar  action,  while  soda  lalti  and  vnatrin  increase  il 
{BitJtrmattn). 

Closing  Continued  Contraction. — The  moderate  cootinaed  contraction,  which  ii  lometimet 
obaerred  in  a  muicle  while  the  cuirent  a  cloaed  (fig.  400,  O),  depends  upon  the  abnormal  pro. 
longation  of  the  cknitig  contraction  of  the  cathode  nhen  a  strong  sCimiuiu  is  used,  or  during 
the  stage  of  djing,  or  in  cooled  winter  bo^  ;  sometimes  the  opening  of  the  cuirent  is  accom- 
panied by  a  smilar  contraction  proceeding  from  the  anode  {^Biedtmtana).  This  tetanus  is  also 
due  to  the  summation  of  a  series  of  simple  cootractions  (J  398,  III).  By  acting  on  a  mttscle 
with  a  3  per  cent,  saline  solution  containing  sodic  carbonate,  the  duration  of  (he  contrac- 
tion i*  increased  considerably,  and  occasioniUly  the  muscle  contracts  rhythmically  (J  396) 
(aUdtrmann), 

If  the  whole  muscle  is  placed  in  the  circuit,  the  closing  contraction  is  strong- 
est with  both  directions  of  the  current ;  during  the  time  the  circuit  is  closed,  a 
continued  contraction  is  strongest  when  the  current  is  ascending  (  Wundt). 

Inhibitory  Polar  Action  on  Muscle. — The  constant  current,  when 
applied  to  a  muscle  in  a  condition  of  continued  and  sustained  contraction,  has 
exactly  the  opposite  effect  to  that  on  a  relaxed  muscle.  If  by  means  of  non- 
polarizable  electrodes  a  constant  current  be  sent  through  the  long  axis  of  a 
muscle  in  a  state  of  continued  contraction  («.  g.,  after  poisoning  with  veratrin  or 
through  the  contracted  ventricle),  when  the  current  is  made,  it  causes  a  relax* 
ation  beginning  at  the  anode  and  extending  to  the  other  parts ;  on  breaking 
the  current  applied  to  a  muscle  in  continued  contraction,  the  relaxation  pro- 
ceeds from  the  cathode. 

Corresponding  lo  this  remarkable  phenomenon,  Biedermann  found,  as  r^ards  the  cun^nts  in 

7'  "      ■        '         ""         "         ■  contracted  part  is  negative  to  ever; 

Pawlow,  who  found  netve-fibres  ii 
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the  adductor  muscle  of  the  mussel,  whose  stimulation  caused  relaxation  of  the  muscular  coobac- 
tion,  may  throw  some  light  on  this  question. 

Rittcr's  Opening  Tetanus. — If  a  nerve  or  muscle  be  traversed  by  a  con- 
stant current  for  some  time,  we  often  obtain  a  prolonged  tetanus,  after  open- 
ing  the  current  (Ritter's  opening  tetanus,  1798).  It  is  set  aside  by  closing 
the  original  current,  while  closing  a  current  in  the  opposite  direction  increase 
it  (**  Volta's  alternative'*).  The  continued  passage  of  the  current  in- 
creases the  excitability  for  the  opening  of  the  current  in  the  same  direction, 
and  for  the  closing  of  the  reverse  current ;  conversely,  it  diminishes  it  for  the 
closing  of  the  current  in  the  same  direction,  and  for  the  opening  of  the  reverse 
current  (  Volid). 

According  to  Griitzner  and  Tigerstedt,  the  cause  of  the  opening  contraction  is  partly  dix  to 
the  occurrence  of  polarizing  after,  currents  ({  333),  and  acconling  to  Hermann  to  a  dimimitioo  of 
the  anodic  positive  polarization. 

Engelmann  and  Grtlnhagen  explain  the  occurrence  of  oi>ening  and  closing  tetanus,  tlras,  ss 
due  to  latent  stimulations,  drying,  variations  of  the  temperature  of  the  pr^Mired  nerves,  which  of 
themselves  are  too  feeble  to  cause  tetanus,  but  which  become  effective  if  an  increased  exatabilitT 
obtains  at  the  cathode  after  closure,  and  at  the  anode  after  opening  the  current 

Biedermann  showed  that,  under  certain  conditions,  two  successive  opening  contracdoos  oa 
be  obtained  in  a  fh)g's  nerve-muscle  preparation,  the  second  and  later  one  conespcnding  to 
Kilter's  tetanus.  The  first  of  these  contractions  is  due  to  the  disappearance  of  andectratooE 
in  Pfliiger's  sense ;  the  second  is  explained,  like  Hitter's  opening  tetanus,  in  Ei^fanazm  viL 
Griinhagen's  sense. 

Simultaneous  action  of  the  constant  current  and  the  nerve-current. — Action  of  two 
currents.  In  a  nerve-muscle  preparation  used  to  prove  the  law  of  contraction,  of  conne  a 
demarcation-current  is  developed  in  the  nerve  (J  334,  II).  If  an  artificial,  weak,  stiimlitiBg 
current  be  applied  to  such  a  nerve,  we  obtain  an  interference  effect  due  to  these  two  cnmob; 
closing  a  weak  constant  current  causes  a  contraction,  which,  however,  is  not  properly  a  cfefiag 
contraction,  but  depends  upon  the  opening  (or  derivation)  of  a  bnmch  of  the  demarcatks- 
current ;  conversely,  the  opening  of  a  weak  constant  current  may  excite  a  contraction,  wbiich  is 
really  due  to  the  closing  of  a  side  branch  of  the  nerve-current,  in  a  secondary  circuit  throoffa  tk 
electrodes  {Nering,  Biedermann,  Griitzner). 

If  two  induction  shocks  be  simultaneously  applied  to  a  motor  nerve,  two  cases  are  poai^ 
Either  the  one  shock  is  so  feeble  that  the  nerve  is  not  thereby  sufficiently  excited  to  east  a 
contraction,  while  the  other  shock  causes  only  a  feeble  contraction.  In  this  cast,  the  seb- 
maximal  shock  plays  the  part  of  a  weak  constant  current,  and  the  size  of  the  contraction  depends 
only  upon  whether  the  effective  stimulus  was  applied  in  the  area  of  the  anode  or  the  cat2iod<  of 
the  submaximal  shock  {Sewall,  Gr&nhagen^  Werigo),  If,  however,  unequal,  strong  indscooi 
shocks,  each  of  which  is  effective — but  separated  from  each  other  on  account  of  the  dectrona^ 
action — be  applied  to  a  nerve,  then  the  result  is  as  if  the  stronger  alone  was  active.  The  fecblff 
wave  of  excitation  passes  completely  into  the  stronger  one  {GrunAagen,  Werigo), 

337.  TRANSMISSION  OF  NERVOUS  IMPULSES.— i.  Ifi 
motor  nerve  be  stimulated  at  its  central  end  (i)  a  condition  of  excitatioo 
is  set  up^  and  (2)  an  impulse  is  transmitted  along  the  nerve  to  the  mosck 
with  a  certain  velocity.  The  latter  depends  on  the  former  and  represents  tfer 
function  of  conductivity.  The  velocity  is  about  28  metres  [about  90  feet] 
per  second  {v.  Helmholiz),  and  for  the  human  motor  nerves  33.9  [100  to  ik 
feet  per  second]  {v.  Helmholtz  and  Baxf), 

The  velocity  is  less  in  the  visceral  nerves,  e.  g.,  in  the  pharyngeal  branches  of  the  vagis  &J 
metres  [26  feet]  {Chauveau) ;  in  the  motor  nerves  of  the  lobster  o  metres  [18  feet]  {J^ederu^^ 
and  van  de  Velde). 

Modifying  Conditions. — ^The  velocity  is  influenced  by  varioas  cas^- 
tions :  Temperature. — It  is  lessened  considerably  by  cold  (r.  Heimk9iti\ 
but  both  high  and  low  temperatures  of  the  nerve  (above  or  below  15**  to  25' 
C.)  lessen  it  {Steiner  and  Trojtzky),  as  also  the  action  of  curare,  and  ibe 
electrotonic  condition  {v.  Bezold),  The  condition  of  anelectrotoias 
diminishes  the  velocity,  while  cathelectrotonus  increases  it  {Ruii£rf^ 
Wundt),     It  varies  also  with  the  length  of  the  conducting  nerre,  but  il 
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increases  with  the  strength  of  the  stimulus  (v.  Helmholtz  and  Baxt^^  although 
not  at  first  {v.  Vintschgau), 

Methods. — V.  Helmholtz  in  1850  estimated  the  velocity  of  the  nerve-impulse  in  a  frogfs 
motor  nerve  by  a  method  which  is  not  now  usually  employed. 

[The  method  now  generally  used  is  that  shown  in  the  scheme,  fig.  499.     Use 
a  pendulum  or  spring  myograph  (fig.  393),  and  suspend  in  a  suitable  manner 
a  frog's  gastrocnemius  (jn),  with  a  long  portion  of  the  sciatic  nerve  (N)  dis- 
sected out,  by  fixing  the  femur  in  a  clamp  (/),  while  the  tendo-Achillis  is  fixed 
to  a  lever,  which  inscribes  its  movements  on  the  smoked  glass  plate  (P)  of  the 
myograph ;  place  the  key  of  the  myograph  (2)  in  the  circuit  with  the  battery 
(B),  and  the  primary  circuit  of  the  induction  machine  (I).     To  the  secondary 
coil  (II),  attach  two  wires,  and  connect  them  with  a  commutator  without 
cross-bars  (C).    Connect  the  other  binding  screws  of  the  commutator  with  two 
pairs  of  wires,  arranged  so  that  one  pair  can  stimulate  the  nerve  near  the  muscle 
(a)  and  the  other  at  a  distance  from  it  (^).     When  the  glass  plate  fiies  from  one 
side  to  the  other,  the  tooth 
C3)  on  its  framework  opens 
the  key  (2)  in  the  primary 
circuit,  and  if  the  commu- 
tator be  in  the  position  in- 
dicated,  then  the   induced 
current    will    stimulate   the 
nerve  at  a,  and  a  curve  will 
be    obtained    on   the  glass 
plate.     Rearrange  the  pen- 
dulum as  before,  /'.  e.,  near 
the  muscle,  close  the  key  in 
the  primary  circuit,  but  turn 
the  handle  of  the  commuta- 
tor, and  allow  the  glass  plate 
to  fly  again.  ^^-  499- 

This  time  the  induced  cur-    Scheme  for  measuring  the  velocity  of  nerve  energy.    /, 
rent  will  stimulate  the  nerve  clamp  for  femur;  «,  muscle;  N,  nerve;  a,  near,  ^,  re- 

ait    b     i.e.      away    from    the  moved  from  C,  commutator;  II,  secondary;  I,  pnmary 

mtiscle,  and  a  second  con- 
traction, a  Uttie  later  than 
the  first  one,  will  be  obtained.  Register  the  velocity  of  the  glass  plate  by 
means  of  a  tuning-fork,  and  the  curve  obtained  will  be  something  like  fig.  500, 
although  this  curve  was  obtained  on  a  cylinder  travelling  at  a  uniform  rate,  and 
the  curves  were  drawn  on  abscissae  at  different  levels.  The  difference  between 
the  beginning  of  the  a  {i)  and  ^  (2)  curves  indicates  the  time  that  the  nerve- 
impulse  took  to  travel  from  b  to  a.  This  time  is  measured  by  the  tuning-fork, 
ind  if  the  distance  between  the  points  a  and  b  is  known,  then  the  calculation 
s  a  simple  one.  Suppose  the  stretch  of  nerve  between  a  and  ^  to  be  2  inches, 
md  the  time  required  by  the  impulse  to  travel  from  a  to  ^  to  be  -^^  second, 
hen  we  have  the  simple  calculation — 2  inches  :  12  inches  :  :  ^^"  :  ^"  or  80 
"eet  per  second.  In  fig.  500  the  experiment  was  made  on  man  ;  the  curve  i 
ras  obtained  by  stimulating  the  nerve  near  the  muscle,  and  2  when  the  nerve 
v^as  stimulated  at  a  distance  of  30  centimetres.  .  The  interval  between  the  ver- 
ical  lines  corresponds  to  -^^  second,  i.e,,  the  time  required  by  the  nerve- 
mpulse  to  pass  along  30  centimetres  of  nerve,  which  is  equal  to  a  velocity  of  30 
netres  (90  feet)  per  second.] 

In  man,  v.  Helmholtz  and  Baxt  estimated  the  velocity  of  the  impulse  in  the  median  nerve 


spiral  of  induction  machine ;  B,  battery;  1,2, key;  3, 
tooth  on  the  smoked  plate. 
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I7  cautine  the  miucks  of  th«  bUI  of  lh«  thumb  to  wrile  off  their  coDtractiotu  od  ■  npidlr  Fnnli- 
ing cylinder.  [In  tliis  case  the  "pince  myc^npbiqiie"  of  Marey  (fig.  409)  maybe  ux<l();o8). 
The  ends  of  the  pince  are  applied  10  as  to  embrace  the  ball  of  the  tbumh,  so  that  rtea  it 
muiclei  contract,  the  increate  in  ihicints!  of  the  musciei  expandi  the  pince.  which  ico  on  1 
Marey'5  tambour,  by  which  the  DWvement  is  tranjmiited  lo  another  tambonr  provided  vUii 
writing  style,  and  itiscribing  its  movements  upon  a  rapidly  moving  surface,  either  auiot^ii 
swinging.]  The  nerre  is  stimulated  at  one  time  in  the  axilla  and  again  'at  the  wtin.  Tvo 
cuTTo  are  obtained,  which,  of  Course,  do  not  begin  at  the  same  time.  The  difiereuce  ia  liuc 
between  the  beginning  of  Ihe  Ivro  curves  is  (he  time  taken  by  the  impulse  to  traverse  Un  >!»«■ 
mentioned  length  of  nerve.  [The  time  is  easily  ascertained  by  causing  a  tuning-fork  of  a  kaon 
rate  of  vibration  to  write  its  movements  under  the  curves.] 

Accorijing  to  Bernstein,  the  stimulus  which  traverses  the  motoi  Dcrvetoibc 
end-plate  and  thus  excites  the  muscle  must  last  on  an  average  0.00^2  sec  (frog). 

2.  In  the  sensory  nerves  of  man,  the  velocity  of  the  impulse  is  prob^ly 
about  the  same  as  in  motor  nerves.  The  rates  given  vary  between  94  to  30 
metres  [380  to  90  feet]  per  second  {v.  Helmhoiti). 

Method  of  Investigation. — Two  points  are  chosen,  ax  far  apart  as  possible,  and  at  Bacqnl 
distances  from  the  biain,  and  they  are  successively  eiciled  by  a  momentary  «imnlia.(.f.,Ki 
opening  induction  shock  applied  successively  to  the  tip  of  the  ear  and  the  great  loe.  Tb 
moment  of  the  application  of  the  stimulus  is  indicated  on  the  registering  surface.  The  perin 
experimented  on  is  provided  with  a  key  in  connection  with  an  electric  arrangemeDl,  by  irliicb 
he  can  mark  on  the  re^sterit^  surface  Ihe  moment  he  feels  the  sensation  in  each  caae  ({  ]7tV 


Fig.  500. 
curve  obtained  on  stimulating  a  nerve  (man)  near  the  muscle ;  z,  when  ibe  stimahn  «it 
Bt^ied  to  the  nerve  at  a  distance  from  the  muscle ;  D,  vibrations  of  a  (nuiog-fbrk  (15a  (o 
second). 


Pathological.— The  conduction  in  the  cutaneous  nerves  is  sometimes  greatly  delaiyed  ia 
alterations  of  the  cutaneous  sensitnlily,  in  certain  diseases  of  the  spinal  cord  (J  364).  The 
sensation  itself  may  be  unchanged.  Sometimes  only  the  conduction  for  painM  imprOBOKis 
retarded,  so  that  a  painful  impression  on  the  skin  is  jirst  perceived  as  a  tactile  actiMtioo,  and 
afterwards  as  pain,  or  convenely.  When  the  interval  of  lime  between  these  two  sensalkiB 
long,  then  there  is  a  distinctly  dmblt  stnsatien  [Naunytt).  It  is  rarely  that  voluntarj  van- 
ments  are  executed  much  more  slowly  from  causes  depending  on  the  mttor  nerves,  but  occi- 
sionally  the  time  between  the  voluntary  impulse  and  the  contraction  is  lengthened,  bat  there  oar 
be  in  addition  slower  or  longer  continued  contraction  of  the  muscle.  In  tabes  docsajis,  er  kKO- 
motor  ataxia,  the  discharge  o7  rejlex  mmtementi  is  delayed ;  it  is  slower  with  (bennal  sthniiU  (W ' 
than  with  cold  ones  (0.5°  C,  Ewald'). 

338    DOUBLE  CONDUCTION  IN  NERVES.— Conductivity  is 

that  property  of  a  living  nerve  in  virtue  of  which,  on  the  application  of  i 
stimulus,  it  transmits  an  impulse.  [The  nature  of  a  nerve-impulse  is  es- 
tirely  unknown ;  we  may  conveniently  term  the  process  nerve-motion,  boi 
there  is  some  reason  to  believe  (hat  nerve-energy  is  transmitted  by  some  sort  of 
molecular  vibration.]  The  conductivity  is  destroyed  by  all  inSueaces  or 
conditions  which  injure  the  nerve  in  its  continuity  (section,  ligature,  compres- 
sion, destruction  by  chemical  agents) ;  or  which  abolish  the  excitability  at  anr 
part  of  its  course  (absolute  deprival  of  blood;  certain  drugs,  e.g.,  curare  fix  , 
the  termination  of  motor  nerves  ;  also  strong  anelectrotonus  (§  335).)  [If  ^ 
motor  nerve  be  ligatured,  and  then  the  nerve  be  stimulated  above  the  ligaturai 
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point,  the  muscle  does  not  contract.     The  impulse  requires  integrity  of  the 
axis-cyliadei^  in  order  lo  its  conduction.] 
[The  following  are  the  lavra  of  conduction  in  a  nerve : — 
(i)  There  must  be  continuity  and  integrity  of  the  nerve. 
(j)  The  laj*  of  isolated  conduction. 
{3)  There  is  double  conduction  in  a  nerve. 

(4)  The  nerve-fibres  possess  independent  excitability,  and  the  result  of 

stimulation  depends  on  the  structure  in  which  the  nerve-fibre  ends. 

If  the  fibre  ends  in  a  muscle,  the  result  is  motion ;  if  in  a  gland, 

secretion ;  in  certain  cells  of  the  brain,  sensation.] 

[Law  of  Isolated  Conduction. — Conduction  always  takes  place  only  in 

the  continuity  of  the  fibres  stimulated,  the  impulse  never  being  transferred  to 

adjoining  nerve-fibres.^ 

Double  Conduction  in  Nerves. — Although  apparently  conduction  in 
motor  nerves  takes  place  only  in  a  centrifugal  direction  towards  the  muscles, 
and  in  sensory  nerves  in  a  centripetal  direction,  /.  e.,  towards  the  centre,  never- 
theless, experiment  has  proved  that  a  nerve  conducts  an  impulse  in  ieth  direc- 
tions, just  as  in  a  non-living  conductor.  If  a  pure  motor  or  sensory  nerve  be 
stimulated  in  its  course,  an  impulse  is  propagated  at  the  same  time  in  a  centri- 
fugal and  in  a  centripetal  direction.  This  is  the  phenomenon  of  "  dcmble  con- 
duction.'^ 

Proofe  of  Double  Conduction. — i.  If  a  nerve  be  stimulated,  its  electro- 
motive properties  are  affected  both  above  and  below  the  point  of  stimulation 
(see  Negative  Variation  in  Nerves,  §  331). 

2.  Klectrical  Nerves, — If  the  posterior  free  end  of  the  electrical  centri- 
fugal nervts  of  the  malaptenims  be  stimulated,  the  branches  given  off  above  the 
point  of  stimulation  are  also  excited,  so  that  the  whole  electrical  organ  dis- 
charges its  electricity  {BaiucHin,  Mantey). 

3.  Kiitine's  Experiments. — (a)  The  sartorius  of  the  frog  has  no  nerve- 
fibres  at  its  upper  and  lower  ends.  If  the  lower  end  be  cut  oflT,  and  if  the 
lower  third  of  the  muscle  be  suspended  and  divided  vertically, 

on  stimulating  mechanically  one  apex  of  the  muscle,  then  the 
impulse  passes  in  the  motor  nerves  centripetally  to  the  place 
where  the  nerve-libre  bifurcates  in  the  muscle,  and  from  thence 
centrifugally  into  the  other  or  non-stiroulated  apex,  and 
causes  it  to  contract. 

[(#)  The  Gracilis  of  the  frog  is  divided  into  a  larger  (L) 
and  smaller  portion  (K)  by  a  tendinous  inscription  running 
across  it  (fig.  501).  The  nerve  (N)  enters  at  the  hilum  in 
the  larger  portion,  bifurcates,  and  gives  a  branch  (Ji) 
to  the  smaller  portion  and  another  to  the  4arger  portion  of  p. 

the  mnscle.  Let  the  muscle  be  cut  as  shown  in  fie.  501,  v-ii(,.,.pi  cl..v. 
avoiding  mjury  to  the  nerves,  so  that  only  the  nerve-lwig  (*)  eKperimeot. 
connects  the  larger  and  smaller  portions  of  the  muscle.  If 
the  tongue  or  tip  of  muscle  (Z)  with  its  nerves  be  stimulated,  contraction 
occurs  both  in  L  and  K,  which  is  due  to  centripetal  conduction  in  the  motor 
nerve.  The  nerve-fibres  divide,  die hotomously  above  where  the  nerves  are 
given  off  to  the  portions  L  and  K.] 

[If  the  inscription  be  lefl,  and  the  lower  tip  of  the  muscle  (which  is  devoid 
of  nerves)  be  stimulated,  only  the  lower  and  not  the  upper  part  twitches;  but 
if  a  part  of  the  muscle  containing  nerves  common  to  both  parts  be  stimulated, 
then  both  parts  of  the  muscle  contract.  This  also  proves  that  pure  muscular 
excitation  does  not  travel  backwards  from  the  muscle  to  the  nerves.  How  this ' 
comes  about  we  are  entirely  ignorant.] 
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The  following  experiments  used  to  be  cited  as  proofs,  but  they  do  not  suod 
the  test  of  criticism. 

4.  UnioD  of  Motor  and  SeotOT]'  Nerves. — If  the  hypogloiul  and  lingml  oena  be 
diTided  in  a  di^,  *nd  if  the  penpheral  end  of  the  hypoglossal  be  stiiched,  so  u  I0  nniic  *ith 
the  central  end  of  the  tingnal  {Bidder),  then,  several  moDths  after  the  union  and  lestiioiin  of 
the  nerres,  flimalalion  of  the  central  end  of  the  lingual  cauies  contraction  in'  the  cnrm^aalaDi 
half  of  the  tongue.  Hence  it  has  lieen  annmed  that  the  lingual,  vhich  is  the  imsery  dctte  ai 
the  tongue,  must  conduct  the  impulie  in  a  petipheral  direction  to  the  end  of  the  hrpoilay 
This  expenment  is  not  conclusive,  as  the  tniolc  of  the  lingual  tecdves  high  up  the  ceiuifi^ 
fillies  Iromtfae  teventh,  viz.,  the  chorda  tympani,  which  may  unite  with  or  grow  into  the  bjps- 
glowl.  Further,  if  the  chorda  be  divided  and  allowed  to  d^enerate  before  the  above-doaibe: 
eipedmeut  is  made,  then  do  contractiotu  occur  on  stimulaiiog  the  lingml  above  the  poioi  </ 
uiuon  (i  349). 

5.  Ben'B  Experiment. — Panl  Bert  reiaoved  tlie  skin  from  the  tip  of  the  iaU  c/  a  rd,  id 
stitched  it  into  the  skin  of  the  back  of  the  animal,  where  it  united  with  the  tisanes.  AAertlxEia 
union  had  taken  place,  the  tail  was  then  divided  at  its  base,  so  thai  the  tail,  as  it  were,  gm  h< 
of  the  skin  on  the  back  of  the  'animal.  On  stimulating  the  lail,  the  animal  exhibited  ligoi  <i 
sensation.     For  the  explanation  of  this  experimenl,  see  J  325. 


Fthenqwulical  purposes,  the  tapiii!' 
inteinipted  cuirent  of  the  indactiix 
machine,  or  Faradic  cnmnt,  bt- 
ing  frequently  used  (especially  bux 
Duchenne,  1847),  the  tnagiulttln- 
Iriial  apparatus,  and  the  ixtrt-av- 
rent  apparatus.  The  constant  n 
galvanic  current  is  alio  mtd.  es- 
pecially since  Renak's  time,  iSij 
(I  330)- 

I.  Inparalyuis, /rjrui/ir  ciuTtie 
are  applied,  dtfaer  to  the  niudD 
themselves  (.Z>i»-ifliw),ot  the  poixs 
of  entrance  of  the  motor  nsva.  bf 
means  of  suitable  elecimlcs.  « 
rheopbores  covoed  with  ^xose- 
&c.,  and  moistened  (t;.  Ziemuni',. 

[Rheophores.  —  Many  diffitrot 

foruis  are  used,  according  to  tbeo- 

gan  or  pan  to  be  stimulated,  a  uc 

effect  desired.     When  elediicit;  is 

applied  10  the  skin  to  tenxne  *b» 

thesia,    hypertesthesia,     or   ahcrei 

sensibility,   and   ve  desire  to  linr 

the  effect  to  the  skin  alooe,  then  At 

rheophores  are  applied  dry,  tad  v 

usually  made  of  metal.   If,  bosera. 

Fig.  5»3-  ,i     ,         dttptr-MUrfaraouril.        ^- 

*   J*"*"    Qf  ncrvc-trunkx,  are  to  be 

Disc  rheophore.  Metallic  brush.  ,[,e   skin  must  be  well  □ 

and  softened  by  sponging  with  wine 
water,  while  the  rheophores  are  Stled  with  sponges  moistened  with  common  salt  and  water,  rioc^ 
diminishes  the  resistance  of  the  skin  to  the  passage  of  electricity  (figs.  502-504).] 

In  iaifldizing  the  paralyzed  mtiscle,  the  object  is  to  cause  aitifidal  movements  in  it,  and  d)» 
prevent  the  d^eneration  which  it  would  otherwise  undei^,  merely  ftom  inaclioii.  If.  i^ 
addition  to  the  motor-nerves,  its  Iropkic  nerves  ate  also  paialyzed,  then  a  muscle  alrapfaie. 
notwilhstandinE  the  faradiiation  (j  325,  4).  The  use  of  the  induced  cuiro 
paralyzed  muscle,  as  it  increases  the  blood-atream  through  it,  while  i 
of  the  muscle  rellexly.  In  addition,  weak  currents  may 
nerret  {v.  Bttold,  l^ngelmattn). 

The  figs,  505-508  indicate  the  positions  of  the  motor  points  of  the  extremities,  where,  t? 
.  stimulating  at  the  entrance  of  Ibe  nerve,  each  muscle  may  be  caused  to  contract  tiaely.  Id  I 
349_lhe  motor  points  of  the  face,  and  in  j  347  those  of  the  aeck,  are  indicated. 

-  It  may  be  employed  as  a  stimulus,  when  it  is  closed  and  opened,  i*  the 


% 


Fig.  so*. 
Double  sponge  rheophon 


t  Otcai. 


i  current  also  improves  1 

it  affects  the  metabolitm 

iicitalnlity  of  enieeWeii 
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form  or  aa   inttrrupltd  coitent,   bf  tlterine  iu  direclion  «id  incteaiing    or    diminishin 
iDien^T,  but  il  iJao  ouiea  k  polaractiaH.     Oo  f/Mi'sf  the  cunent,  th«  DPrre  at  tbe  foivii 


Fie-  SOS- 
Motor  poioU  of  the  radUl  nerve  and  the  miucles  supplied  bjr  il ;  donal  s 


R  olntril.  M.  fleiPr  earpl  nlntrlB.  N.  nliwnii. 

Fig.  So6, 
Motor  ptHDts  of  the  median  and  ulnar  nerves,  with  the  muscles  supplied  by  them. 
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repealcdl;  rarecuDg  the  entreat,  Bometiinei  alio  bj  opemng  mud  clonng,  or  eren  vitb  ■  onfum 
CDnenl.  irthe  incieate  of  the  exdt>bilitj  ii  olxaiaed.  then  the  directiaaof  the  cnimamaa 
the  cicitBbilily  oa  cloaing  the  revene  cnrrenl,  and  on  opening  the  ddc  in  the  same  dinctno. 

Restorative  Effect  of  the  Constaot  CurrcDt. — Further,  in  nsii^  the  coostant  cnnnt,  ■: 
have  to  consider  iti  restontive  effecti,  especially  when  it  ii  ascmding.  R.  Hddenluin  istK. 
that  feeble  aad  raligned  tdukIci  recOTCr  after  the  passage  of  a  constant  cnrrenl  throngli  thck. 

Lastly,  the  constant  current  ma;  be  asefii]  from  Its  catalytic  or  cataphoric  actioD  [|  3:81. 

The  effect  is  directly  upon  the  tiswie  elements.     ' ' "'- — ' "     ' 

blood-  and  lymph -Teasels. 

FaradixatioR  Ed  Paralyiia. — If  the  primary  cause  of  the  paralysis  in  ii 


■o  act  directly  or  re&cily  ipco  iIk 


i  f 


M.  kdduclor  in>|nul. 
M.  iidduct.  Longui. 


M.  liblKl.  nDCic 

i 

M. 

>[»d.dig.cooi.tonE. 

M.  pcrcneui  brcvii 

•elves,  then  the  induitd  current  is  generally  applied  directly  to  the  mnsdes  themselm  lijiaw-' 
of  sponge  electrodes  (lig.  502) ;  while,  if  the  motor  nerves  are  the  primary  seat,  Ihoi  ^  '^     1 
trodes  are  applied  over  1  hem.     The  current  used  must  be  on\^  oi  vny  moderalt  nas^;  «»( 
tetanic  contractions  are  injurious,  and  so  is  too  prolonged  application  [Eulmiteg). 

The  constant  current  may  also  be  applied  to  the  muscles  oi  to  (heir  motor  [Kmi,(Kl 
centres  of  the  latter,  or  to  both  muscle  and  nerve  simaltaneously.  As  a  rale,  ibe  al^t  ^ 
placed  Hearer  the  cmlri,  as  it  increases  tbe  e»citability.  When  the  electrode  is  BBWcd  1'"" 
the  course  of  the  nerve,  or  when  the  slrength  of  tbe  current  is  nried,  the  actian  ii  fa" 
If  the  seal  of  ihe  lesion  is  in  the  central  nervous  system,  then  the  electrodes  are  t^^  '!'"( 
the  vertebral  column,  or  on  the  vertebral  column,  and  the  course  of  the  nerves  it  (be  nmelBae- 
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oroDCOD  tbe  hod  and  the  other  on  a  point  as  near  as  poauble  to  the  supposed  Malof  (heleiloil. 
Tbe  cmtnt  most  not  be  loo  strong  nor  applied  loo  long. 

Induced  v.  Conaunt  Current ;  Reaction  of  Defeneration. — Paralyzed  nerves  and 
muiclcs  bdave  quite  diflerentl]'  as  regards  the  induced  (rapidly  inlerrupted)  and  the  exultant 
cumi.  This  is  called  the  "  reaction  of  deKcneration.  We  most  remember  the  physio- 
logittl  (act  that  a  dying  nerre  attached  to  a  miucle  (}  335),  and  also  the  muscles  of  a  curarized 
inimal,  react  macii  less  slroiigty  to  rapidly  iutemipled  currents  than  freth  non-cnrariied  mnsclei. 
Biicrlacher,  in  1S59,  found  that,  in  a  case  of  facial  paralysis,  the  facial  muictcs  contracted  bul 
fnblf  lo  the  induced  current,  but  veiy  energetically  on  the  constant  current  being  uied.  The 
ocittbilily  for  the  constant  cun-eot  may  be  abnonnolly  increased,  bul  may  disappear  on  recovery 
uking  place.  According  to  Neumann,  it  is  the  longer  duration  of  the  constant  current  as 
opposed  to  the  momentary  closing  and  opening  of  the  induced  current  which  mokes  the  coo- 
nction  of  the  muscle  possible.     If  the  conwant  current  be  broken  as  rapidly  as  the  Faradic 
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Fig.  50S. 
Motor  points  of  the  sciatic  nerve  and  iu  branches;  the  peroneal  and  tibial  nerres. 

Tent  is  broken,  then  the  conttant  current  does  not  cause  contraction.  Conrersely,  the  induced 
Tent  may  lie  rendered  effective  by  causing  it  to  last  longer.  We  may  also  keep  the  primary 
:^it  of  the  induction  machine  closed,  and  move  the  secondary  spiral  to  and  ba  along  the  slots. 
OS  we  obtain  slow  gradations  of  the  induced  current  which  act  oiergetically  upon  curariied 
scles  [Brii(it).  Heucc,  in  stimulating  a  muscle  or  nerve,  we  have  to  consider  not  only  the 
engtfa,  but  also  the  duration  of  the  current,  just  as  the  deflection  of  the  magnetic  needle 
>ends  upon  these  two  &ictois. 

Galvanic  excitability  is  the  term  applied  to  the  condition  of  a  neive  or  muscle,  whereby  it 
xmds  to  the  opening  or  closing  of  a  continuous  current.  The  effects  diFfer  accordiug  as  the 
real  is  opened  or  closed,  and  according  to  its  strength.  As  a  rule,  the  cathode  causes  a 
traction  chiefly  at  closure,  the  anode  at  opening  the  cnrrent,  while  the  cathode  is  the  stronger 
inJns-  With  a  v/eai  current,  the  cathode  produce*  a  simple  contraction  on  closii^t  the 
rent,  but  no  contraction  from  the  anode.     With  a  mfdium  current,  we  get  with  the  cathode 
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a  strong  closing  contraction  but  no  opening  contraction,  while  the  anode  excites  feeble  opening 
and  closing  contractions.  With  a  strong  current,  we  get  with  the  cathode  a  tetanic  coDtrudoa 
at  closure,  and  a  perceptible  contraction  at  opening,  while  with  the  anode  there  is  CQotiidioi& 
both  at  opening  and  closing.] 

[The  law  of  contraction  is  usually  expressed  by  the  following  formula  {Erb) :  An  =  uwde, 
Ca  =  cathode,  C  =  contraction,  c  =  feeble  contraction,  C^=stron^ contraction,  S  =  dome  of 
current,  O  =  opening  of  current,  Te  ■=  tetanic  contraction — so  that,  expressing  the  abon 
statement  briefly,  we  have — 

Weak  currents  produce  Ca  S  C ; 

Medium    "  "       Ca  S  C^  An  S  r.  An  O  <r/ 

Strong       "  "       Ca  S  Te,  An  S  C,  An  O  C,  Ca  Or.] 

[Typical  Reaction  of  Degeneration. — When  the  reaction  of  the  nerre 
and  muscle  to  electrical  stimulation  is  altered  both  qualitatively  and  quan- 
titatively, we  have  the  reaction  of  degeneration,  which  is  characterized  essen- 
tially by  the  following  conditions :]  The  excitability  of  the  muscles  is  diminisbed 
or  abolished  for  the  Faradic  current,  while  it  is  increased  for  the  galvanic  curreot 
from  the  3d  to  58th  day ;  it  again  diminishes,  however,  with  variations,  from  the 
7  2d  to  8oth  day ;  the  anode  closing  contraction  is  stronger  than  the  cathode  cloa- 
•ing  contraction.  The  contractions  in  the  affected  muscles  occur  slowly  in  a  peris^ 
taltic  manner,  and  are  local,  in  contrast  with  the  rapid  contraction  of  normal 
muscle.  The  diminution  of  the  excitability  of  the  nerves  is  similar  for  the  gal- 
vanic and  Faradic  currents.  If  the  reaction  of  the  nerves  be  normal  while 
the  muscle  during  direct  stimulation  with  the  constant  current  exhibits  ik 
reaction  of  degeneration,  we  speak  of  **  partial  reaction  of  degeneration," 
which  is  constantly  present  in  progressive  muscular  atrophy  (^Erd). 

[The  *<  reaction  of  degeneration ''  may  occur  before  there  is  actual  paralysis,  as  in  kti 
poisoning.  When  it  occurs  we  have  to  deal  with  some  affection  of  the  nerve-fibres,  or  of  tbe 
trophic  nerve-cells.  When  it  is  establbhed,  (i)  stimulation  of  the  nerve  with  Faradic  or  gtiffflic 
electricity  does  not  cause  contraction  of  the  muscle ;  (2)  direct  Faradic  stimulatioo  of  i^ 
muscles  does  not  cause  contraction ;  (3)  the  galvanic  current  usually  excites  contractioo  norr 
readily  than  in  a  normal  muscle,  so  that  the  muscle  responds  to  much  feebler  currents  thu  vi 
on  healthy  muscles,  but  the  contraction  b  longer  and  more  of  a  tonic  charaaer,  and  sbon  s 
tendency  to  become  tetanic.  The  electrical  excitability  is  generally  unaffected  in  paralysis  of 
cerebral  origin,  and  in  some  forms  of  spinal  paralysis,  as  primary  lateral  sclerosis  and  tnnsvcne 
myelitis,  but  the  "  reaction  of  degeneration"  occurs  in  traumatic  paralysis,  due  to  injury  of  tbe 
nerve-trunks,  neuritis,  rheumatic  facial  paralysis,  lead  palsy,  and  in  affections  of  the  ncnrc  cdk 
in  the  anterior  comu  of  the  gray  matter  of  the  spinal  cord.]  In  rare  cases  the  contractkm  of  ik 
muscles,  caused  by  applying  a  Faradic  current  to  the  nerve,  follows  a  slow  peristaltic-like  cchk 
— ** Faradic  r faction  of  degeneration^^  {£,  Remaky  Erb), 

II.  In  Various  Forms  of  Spasm  (spasms,  contracture,  muscular  tremor^  the  codsUb^ 
current  is  most  effective  {Remak),  By  the  action  of  anelectrotonus,  a  pathological  incwseof 
the  excitability  is  subdued.  Hence,  the  anode  ought  to  be  applied  to  the  part  wiih  inceatd 
excitability,  and  if  it  be  a  case  of  reflex  spasm,  to  the  points  which  are  the  origin  or  seat  of  4e 
increased  excitability.  Weak  currents  of  uniform  intensity  are  most  effective.  The  coteaa 
current  may  also  be  useful  from  its  cataphoric  action,  whereby  it  favors  the  removal  of  iniiffts 
from  the  seat  of  the  irritation.  Further,  the  constant  current  increases  the  voluntary  c^^ 
over  the  affected  muscles.  In  spasms  of  central  origin,  the  constant  current  may  be  applied  te 
the  central  organ  itself.  Faradization  is  used  in  spasmodic  affections  to  increase  the  rigw « 
enfeebled  antagonistic  muscles.  Muscles  in  a  condition  of  contracture  are  said  to  become  soft 
extensible  under  the  influence  of  the  Faradic  current  {Remak)^  as  a  normal  muscle  is  bjots 
excitable  during  active  contraction  (i  301). 

In  Cutaneous  Anesthesia,  the  Faradic  current  applied  to  the  skin  by  means  of  b^ 
brush  electrodes  is  frequently  used  (fig.  504).  When  using  the  constant  current,  the  cttfawe 
must  be  applied  to  the  parts  with  diminished  sensibility.  The  constant  current  alone  is  ^ipcei 
to  the  central  seat  of  the  lesion,  and  care  must  be  taken  to  what  extent  the  ocxxnmx  ^ 
cathelectrotonus  in  the  centre  affects  the  occurrence  of  sensation. 

III.  In  Hjrperaesthesia  and  Neuralgias,  Faradic  currents  are  applied  with  the  object  "i 
over-stimulating  the  hyper-sensitive  parts,  and  thus  to  benumb  the?!.     Besides  these  po*p«^ 
currents,  weak  currents  act  reflexlv  and  accelerate  the  blood-stream,  increase  the  heart's  us^^ 
and  constrict  the  blood-vessels,  while  strong  currents  cause  the  opposite  effects  (0.  NtvmenM 
Both  may  be  useful     In  employing  the  constant  current  in  neuralgia  {Remak\tisyt  object  is  ry 
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excidng  anelectrotonus  in  the  hyper-sensitive  nerves,  to  cause  a  diminution  of  the  excitability. 
According  to  the  nature  of  the  case,  the  anode  is  placed  either  on  the  nerve-trunk,  or  even  on 
the  centre  itself,  and  the  cathode  on  an  indifferent  part  of  the  body.  The  catalytic  and  cataphoric 
effects  also  are  most  important,  for  by  means  of  them,  especially  in  recent  rheumatic  neuralgias, 
the  irritating  inflammatory  products  are  distributed  and  conducted  away  £rom  the  part.  A 
descending  current  is  transmitted  continuously  for  a  time  through  the  nerve-tnmk,  and  m  recent 
cases  its  effects  sometimes  are  very  striking.  Lastly,  of  course,  the  constant  current  may  be 
used  as  a  cutaneous  stimulus^  while  the  Faradic  current  also  acts  reflexly  on  the  cardiac  and 
vascular  activity. 

Recently,  Charcot  and  Ballet  have  used  the  electric  spark  from  an  electrical  machine  in  cases 
of  anaesthesia,  facial  paralysis,  and  paralysis  agitans.  In  some  cases  of  spinal  paralysis,  muscles 
can  be  made  to  contract  with  the  electric  spark  which  do  not  contract  to  a  Faradic  current. 
fElectricity  is  sometimes  used  to  distinguish  real  from  feigned  disease,  or  to  distinguish  death 
from  a  condition  of  trance.] 

Oalvano-cautery. — The  electrical  current  is  used  for  thermal  purposes,  as  in  the  galvano- 
cautery. 

Galvano-puncture. — The  electrolytic  properties  of  electric  currents  are  employed  to 
cause  coagulation  in  aneurisms  or  varix.  [If  the  electrodes  from  a  constant  battery  in  action  be 
inserted  in  an  aneurismal  sac,  after  a  time  the  fibrin  of  the  blood  is  deposited  in  the  sac,  whereby 
the  cavity  of  the  aneurism  is  gradually  filled  up.  A  galvanic  current  passed  through  defibrinated 
blood  causes  the  formation  of  a  coagulum  of  proteid  matter  at  the  positive  pole  and  bubbles  of 
gas  at  the  negative  (p.  474-)] 

340.  ELECTRICAL  CHARGING  OP  THE  BODY.— Saussure  investigated  by 
means  of  the  electroscope  the  «  charge  "  of  a  person  standing  on  an  insulated  stool.  The  phe- 
nomena observed  by  him,  which  were  always  inconstant,  were  due  to  iht  friction  of  the  clothes 
upon  the  skin.  Gardini,  Hemmer,  Ahrens  (1817),  and  Nasse  regarded  the  body  as  normally 
charged  with  positive  electricity,  while  SjOsten  and  others  regarded  it  as  negatively  chaiged. 
Most  probably  all  these  phenomena  are  due  to  friction,  and  are  modified  effects  of  the  air  in  con- 
tact with  the  heterogeneous  clothing  (Hankel),  A  strong  charge  resulting  in  an  actual  spark 
has  frequently  been  described.  Cardanus  (1553)  obtained  sparks  from  the  tips  of  the  haur  of  the 
bead.  According  to  Horsford  (1837),  long  sparks  were  obtained  from  the  tips  of  the  fingers  of 
a  nervous  woman  in  Oxford,  when  she  stood  upon  an  insulated  carpet.  Sparks  have  often  been 
observed  on  combing  the  hair,  or  stroking  the  back  of  a  cat  in  the  dark.  Freshly  voided  urine 
is  negatively  electrioil  (  Vasalli-Eandi,  Volta)  ;  so  is  the  freshly  formed  web  of  a  spider,  while 
the  blood  is  positive. 

341.  COMPARATIVE— HISTORICAL.— Electrical  Pishes.- Some  of  the  nK>st  in- 
teresting phenomena  connected  with  animal  electricity  are  obtained  in  electrical  fishes,  of  which 
there  are  about  fifty  species,  including  the  electrical  eel,  or  Gymnotus  electricus,  of  the  lagoons 
of  the  region  of  the  Orinoco  in  South  America — it  may  measure  over  7  feet  in  length — the 
Torpedo  marmorata,  and  some  allied  species,  30  to  70  centimetres  [i  to  2^  feet],  in  the 
Adriatic  and  Mediterranean,  the  Malapterurus  electricus  or  thunderer  fish  of  the  Arabs,  a  native 
of  the  Nile  and  the  Niger,  and  the  Mormyrus,  allied  to  the  pike,  also  of  the   Nile  river. 
[Rhinobatis   electricus  of  the  Brazilian  sesis,  and  Trichiurus  electricus  of  the   Indian 
Ocean,  and  the  Raia  batis,  or  Skate  of  our  own  shores.     Fifty  species  of  6shes  are  believed  to 
possess  electrical  organs.]     By  means  of  special  electrical  organs  (i?^^f,  1666),  these  animals 
can  in  part  voluntarily  (gymnotus  and  malapterurus),  and  in  part  reflexly  (torpedo),  give  a  very 
powerful  electrical  shock.     The  electrical  organ  consists  of  *'  compartments "  of  various  forms, 
separated  from  each  other  by  connective-tissue,  and  filled  with  a  jelly-like  substance,  which  the 
nerves  enter  on  one  surface  and  ramify  to  produce  a  plexus.     From  this  plexus  there  proceed 
branches  of  the  axial  cylinder,  which  end  in  a  nucleated  plate,  the  * 'electrical  plate  "  {Bil- 
Aarz,  M.  SchUlze).    When  the  **  electrical  nerves  "  proceeding  to  the  organ  are  stimulated, 
an  electrical  discharge  is  the  result. 

Torpedo. — The  electrical  organs  are  two  in  number  and  lie  immediately  under  the  skin  later- 
ally on  each  side  of  the  head,  reaching  as  far  as  the  pectoral  fins.  [Each  electrical  organ  con- 
sists of  about  800  hexagonal  prisms  placed  vertically  between  the  abdominal  and  dorsal  integu- 
ment, and  separated  from  each  other  by  membranous  septa.  Each  prism  is  composed  of  about 
600  plates,  which  are  placed  horizontally,  and  separated  from  each  other  by  thin  membranes. 
Thus  there  are  about  i  ,000,000  electrical  plates,  each  of  which  is  supplied  by  a  branch  of  a 
nerve-fibre.]  Each  nerve-fibre  on  reaching  a  prism  divides,  according  to  Wagner,  into  a  *<  tuft  '^ 
of  fine  nerve-fibrils,  a  fibril  running  to  each  plate  in  the  column.  The  fibrils  divide  dichoto- 
mously  in  the  plate,  and  the  finer  twigs  anastomose  with  each  other.  The  electric  orgrans  are 
developed  from  and  replace  the  outer  gill-muscles  of  the  fifth  gill  arch.  The  electrical  organs 
receive  several  nerves,  which  arise  from  the  lobus  electricus  between  the  corpora  quadrige- 
mina  and  the  medulla  oblongata,  and  also  branches  firom  the  trigeminus.     The  plates,  which  do 
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□Dt  increase  Id  number  witb  tbe  growth  of  tbe  animiil  [Delia  CAiaJf,  BaituAm),  lie  bo(inMi%. 
wbile  the  Derre-Gbre*  cniei  ihem  on  tbeir  dona]  cnr&cei,  the  current  in  the  £th  b«iag  bom  lie 
■bdominal  to  Ihe  dorsal  sar&ce  {Galvarti). 

In  MalapteniniB,  the  organ  iniroondi  the  entire  body,  txcept  th«  bead  and  fini,  like  a  mm- 
lie,  and  each  half  of  it  receives  ooly  one  nerre-fibre  (p.  671),  wboie  aaia<]rliiida  aiMi  nar 
the  medulla  oblongata  jrom  one  gigantic  ganglionic  cell  {3Ukar%),  and  b  coanpaced  <i  pRU> 
fdumic  (BiTCeMes  {Frilsck).  Tbe  plates  are  alio  ««rtiol,  and  receive  Ibdr  Dena  liem  (at 
posterior  lurface.  The  direction  of  the  current  ia  deacending  in  the  Asli  dnring  tbe  iaaiaif 
\jti  Sois-Rcymimd). 

In  Qymnotus,  the  electrical  organ  conlisti  of  aeieral  rom  of  colnnini  tniiftA  aldog  IxA 
aide*  of  ihe  spinal  column  of  the  animal  under  Ihe  skin  as  far  as  the  tail.  [TImr  ire  fw 
electrical  organs,  two  on  each  side,  stretching  from  the  pectoral  fins  to  near  tbe  tail.}  Iiretfini 
on  the  anterior  surface  several  branches  from  the  intercootal  nerves.     Besides  this  Isge  ape 


r«  SOS- 
Vertical  section  of  pan  of  the  electrical  ot^an  of  a  ikate. 

there  is  a  smaller  one  lying  on  both  sdes  above  ibe  anal  fins.  Hen  tbe  plates  are  veitial.  a^ 
the  direction  of  the  electrical  current  in  the  fiah  is  ascending,  so  that  of  counc  it  is  deitnd.^ 
in  the  surrounding  water  I^Faraday,  du  Boit-Reymend).  [The  plates  ariM  from  eatra^ 
muscle.  The  nerve-cells  from  which  the  electrical  nerves  spnog  are  arranged  akMg  the  ifBa- 
cord,  forming  a  special  column.] 

[In  Rala  batia,  or  ihe  Skate,  a  fusiform  electrical  organ  exists  nndcr  the  skin  on  cadi  ik 
of  ihe  (ail  (Slari),  con^^isling  of  s  number  of  longitudinal  discs ;  the  &cs  are  amugtd  is  ""^ 
and  have  one  surface  (Hat)  looking  forwards  and  tbe  other  backwards,  showing  a  oMdn* 
alveolar  dcpressioni.  The  anterior  aarlace  is  covered  with  a  nervous  layer,  into  which  naOBf'" 
nerve-endings,  showing  dichotomons  division,  penetrate.  It  seems  to  correspond  to  the  u^p* 
of  muscles  (fig.  509).  Tbe  substance  of  Ihe  disc  beneath  the  nervous  or  electric  membiaiir  :^:': 
sists  of  fine  laminae  parallel  lo  its  surface.])  

II  is  extremely  probable  that  Ihe  electnc  organs  are  modified  muacles,  in  which  Ike  mtk- 
-e  highly  developed,  Ihe  electrical  plates  corresponding  10  the  motiwial  ead-fi'= 
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of  the  muscular  fibres,  the  contractile  substance  having  disappeared,  so  that  during  physiological 
activity  the  chemical  energy  is  changed  into  electricity  alone,  while  there  is  no  *<  work"  done. 
This  view  is  supported  by  the  ob^rvation  of  Babuchin,  that  during  development  the  organs 
are  originally  formed  like  muscles;  forther,  that  the  organs  when  at  rest  are  neutral,  but  when 
active  or  dead,  acid ;  and  lastly,  they  contain  a  substance  related  to  myosin  which  coagulates 
after  death  (}  295 — IVeyf),  The  organs  manifest  fatigue;  they  have  a  'Matent  period*' 
of  0.016  second,  while  one  shock  of  the  organ  (comparable  to  the  current  in  an  active  muscle) 
lasts  0.07  second.  [Sanderson  and  Gotch  found  the  latent  period  in  curarized  torpedoes  = 
y}^  sec.]  About  twenty-five  of  these  shocks  go  to  make  a  discharge,  which  lasts  about  0.23 
second.  The  discharge,  like  tetanus,  is  a  discontinuous  process  (Marey),  Mechanical,  chemical, 
thermal,  and  electrical  stimuli  cause  a  discharge ;  a  single  induction  shock  is  not  effective  {Sachs), 
Ehiring  the  electrical  discharge  the  current  traverses  the  muscles  of  the  animal  itself ;  the  latter 
contract  in  the  torpedo,  while  they  do  not  do  so  in  the  gymnotusand  malapterurus  during  the  dis- 
charge (Steitier),  A  torpedo  can  give  about  fifty  shocks  per  minute ;  it  then  becomes  fatigued, 
and  requires  some  time  to  recover  itself.  It  may  only  partially  discharge  its  organ  (AL  v.  Hum- 
boUt,  Sacks),  Cooling  makes  the  organ  less  active,  while  heating  it  to  22*^  C.  makes  it  more  so. 
The  organ  becomes  tetanic  with  strychnin  {Bec^uerel),  while  curare  paralyzes  it  {Sacks).  Stimu- 
lation of  the  electrical  organ  of  Uie  torpedo  causes  a  discharge  {Matteucci\ ;  cold  retards  it, 
while  section  of  the  electrical  nerves  paralyzes  the  organ.  The  electrical  fisnes  themselves  are 
but  slightly  affected  by  very  strong  induction  shocks  transmitted  through  the  water  in  which  they 
are  swimming  {du  Bois-Reynwnd),  The  substance  of  the  electrical  organs  is  singly  refractive ; 
excised  portions  give  a  current  during  rest,  which  has  the  same  direction  as  the  shock ;  tetanus 
of  the  organ  weakens  the  current  iSaeksy  du  Bois-Reymond),  Perhaps  the  electrical  organ 
of  malap^rurus  is  evolved  from  modified  cutaneous  glands  {Fritsck). 

[In  the  torpedo,  the  organ  seems  to  be  to  a  certain  extent  under  the  control  of  the  will. 
Direct  stimulation  of  the  electric  lobe  causes  a  discharge  in  the  electric  organ  of  its  own  side ; 
the  organ  may  be  discharged  reflexly  (t.  e,y  by  stimulating  any  part  of  the  animal's  skin,  and 
also  indirectly  by  stimulating  the  electrical  nerve  passing  to  the  organ.  The  <*  reflex  discharge  " 
consists  of  a  succession  of  shocks.  The  discharge  of  an  organ  is  comparable  to  tetanus  of  a 
mnsde,  and  the  individual  shocks  composing  it  to  the  single  contractions  that,  when  superposed, 
constitnte  tetanus.  Curare  has  no  effect  on  the  excitation  of  the  organ  through  its  nerve 
{Moreau),  According  to  Pacini  the  nerves  are  alwa3rs  distributed  to  the  electric  plate  on  the 
side  which  becomes  negative  in  the  discharge.] 

Historical. — Richer  (1672)  made  the  first  communication  about  the  gymnotus.  Walsh 
(1772)  made  investigations  on  the  torpedo,  on  its  discharge,  and  its  power  ot  communicating  a 
shock.  J.  Davy  magnetized  particles  of  steel,  caused  a  deflection  of  the  magnetic  needle,  and 
obtained  electrolysb  with  the  electrical  discharge.  Becquerel,  Brechet,  and  Matteucci  studied 
the  direciwn  of  the  discharge.  Al.  v.  Humboldt  described  the  habits  and  actions  of  the  gym- 
notus of  Sooth  America.  Hansen  (1743)  and  de  Sauvages  (1744)  supposed  that  electricity 
was  the  active  force  in  nerves.  The  actual  investigations  into  animal  electricity  began  with  G. 
Aloisio  Galvani  (1791},  who  ol>served  that  fix)gs'  legs  connected  with  an  electrical  machine  con- 
tracted, and  also  when  they  were  touched  with  two  different  metals.  He  believed  that  nerves 
and  muscles  generated  electricity.  Alessandro  Volta  ascribed  the  second  experiment  to  the 
electrical  current  produced  by  the  contact  of  dissimilar  metals,  and  therefore  outside  the  tissues 
of  the  firog.  The  contraction  without  metals  described  by  Galvani  was  confirmed  by  Alex.  v. 
Humboldt  (1798).  Pfaff  (1793)  ^"^  observed  the  effect  of  the  direction  of  the  current  upon  the 
contraction  of  a  fix>g's  leg  ot)tained  by  stimulating  its  nerve.  Bunzen  made  a  galvanic  pile  of 
frogs*  legs.  The  whole  subject  entered  on  a  new  phase  with  the  construction  of  the  galvano- 
meter and  since  the  introduction  of  the  classical  methods  devised  by  du  Bois-Reymond,  %.  ^., 
from  1843  onwards.  [The  more  recent  investigations  on  electrical  organs  have  been  made  by 
Ranvier,  Marey,  Sanderson,  Gotch  and  Ewart] 


Physiology  of  the  Peripheral  Nerves- 


342.  FUNCTIONAL  CLASSIFICATION  OF  NERVE- 
FIBRES. — As  nerve-fibres,  on  being  stimulated,  are  capable  of  condncting 
impulses  in  both  directions  (§  338),  it  is  obvious  that  the  physiological  positkHJ 
of  a  nerve-fibre  must  depend  essentially  upon  its  relations  to  the  peripheral 
end-organ  on  the  one  hand,  and  its  central  connection  on  the  other. 
Thus  each  nerve  is  distributed  to  a  special  area  within  which,  under  norm 
circumstances,  in  the  intact  body,  it  performs  its  fimctions.  This  fiiDctioD  o( 
the  individual  nerves,  determined  by  their  anatomical  connections,  is  calkd 
their  " specific  energy.**     Nerve-fibres  are  classified  as  follows: — 

I.  Centrifugal  or  Efferent  Nerves. 

[Efferent  fibres  are  those  fibres  that  carry  impulses  from  the  centre,  1.  ^.,  ^ 
central  nervous  system,  to  the  periphery.] 

(a)  Motor. — Those  nerve-fibres  whose  peripheral  end-organ  consists  of  i 
muscle,  the  central  ends  of  the  fibres  being  connected  with  nerve-celk:— 

1.  Motor  fibres  of  striped  muscle  ({J  292-320). 

2.  Motor  nerves  of  the  heart  (J  57). 

3.  Motor  nerves  of  smooth  muscle,  ^./.,  the  intestine  ({  171).  The  vaso-motor  nens 
are  specially  treated  of  in  {  371. 

(b)  Secretory. — Those  nerve-fibres  whose  peripheral  end-organ  consss 
of  a  secretory  cell,  the  central  ends  of  the  fibres  being  connected  withnerrt- 
cells. 

Examples  of  secretory  nerves  are  the  secretory  nerves  for  saliva  (J  145)  aod  those  it 
sweating  (J  289,  II).  [It  is  to  be  remembered,  however,  that  these  fibres  not  unfreqno^f  ^ 
in  the  same  sheath  with  other  nerve-fibres,  so  that  stimulation  of  a  nerve  may  gift  rise  to  x^ 
results,  according  to  the  kind  of  nerve-fibres  present  in  the  nerve.  Thus,  the  sea^/xj  tf^ 
vaso-motor  nerves  of  glands  may  be  excited  simultaneously.] 

(c)  Trophic. — The  end-organs  of  these  nerve-fibres  lie  in  the  tissues 
themselves,  and  are  as  yet  unknown.  These  nerves  are  called  trophic,  bcoiac 
they  are  supposed  to  govern  or  control  the  normal  metabolism  of  the  tissues. 

In  some  tissues,  we  know  of  a  direct  connection  of  their  elements  with  nerve-fibrei,  *fe- 
may  influence  their  nutrition.     Nerves  are  connected  with  the  corneal  corposdes  ({ 20i<  1 
widi  the  pigment-cells  of  the  frog's  skin  {Ehrmann),  the  connective-tissue  coqwsde*  rf '^ 
serous  membrane  of  the  stomach  of  the  frog,  and  the  cells  around  the  stomata  of  \jv^^ 
surfaces  ({  196,  5)  [E.  F,  Hoffmann^ 

Trophic  Influence  of  J^erves. — The  trophic  functions  of  certain  nerves  ire  '•^'"•^[^ 
under :  On  the  influence  of  the  trigeminus  on  the  eye,  the  mucous  membnoe  of  the  stfc^ 
and  nose,  the  face  (J  347);  the  influence  of  the  vagus  on  the  lungs  ({  352) ;  motor  d0^ 
on  muscle  (§  307) ;  nerve-centres  on  nerve-fibres  (}  325,4) ;  certain  central  ofgiM  ^ 
certain  viscera  (|  379). 

Section  of  certain  nerves  influences  the  growth  of  the  tx>ne8.  H.  Nasse  foond  dA'*' 
section  of  their  nerves,  the  bones  showed  an  absolute  diminution  of  all  their  in<li^n(M  g^ 
stituents,  while  there  was  an  increase  of  the  fat.  Section  of  the  spermatic  nerve  is  fcDofcd  ^ 
degeneration  of  the  testicle  [Nilaton,  OboUnsky).  After  extnpation  of  their  8^^'**^°^ 
there  is  degeneration  of  the  sub-maxillary  glands  (p.  255).    Section  of  the  nencsott^^ 
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cock*8-comb  interferes  with  the  nutrition  of  that  orgtai  (Lfgros,  Schiff).  After  section  of  the 
2d  cervical  nerve  in  rabbits  and  cats,  the  hair  falls  off  the  ear  on  that  sioe  (Joseph).  Section  of 
the  cervical  sympathetic  nerve  in  young,  growing  animals  is  followed  by  a  more  rapid  growth  of 
the  ear  upon  that  side  (Bidder,  Stirling,  Strieker),  also  of  the  hair  on  that  side  (Schiff,  Stir- 
iing) ;  while  it  is  said  that  the  corresponding  half  of  the  brain  is  smaller,  which,  perhaps,  is  due 
to  the  pressure  from  the  dilated  blood-vessels  (Brown-Siquard), 

Blood- Vessels. — Lewaschew  found  that  prolonged  uninterrupted  stimulation  of  the  sciatic 
nerve  of  dogs,  by  means  of  chemical  stimuli  [threads  dipped  in  sulphuric  acid],  caused  hyper- 
trophy of  the  lower  limb  and  foot,  together  with  the  formation  of  aneurismal  dilatations  upon 
the  blood-vessels. 

Skin  and  Cutaneous  Appendages. — In  man,  stimulation  or  paralysis  of  nerves,  or  degen- 
eration of  the  gray  matter  of  the  spinal  cord,  is  not  unfrequently  followed  by  changes  in  the 
pigmentation  of  the  skin,  in  the  nails,  in  the  hair  and  its  inode  of  growth  and  color  (Jarisch), 
[Injury  to  the  brain,  as  by  a  fall,  sometimes  results  in  paralysis  of  the  hair-follicles,  so  that,  after 
such  an  injury,  the  hair  is  lost  over  neariy  the  whole  of  the  body.]  Sometimes  there  may  be 
eraptions  upon  the  skin,  apparently  traumatic  in  their  origin  (v.  Barensprung).  Sometimes  there  b 
a  tendency  to  decubitus  ({  379),  and  in  some  rare  cases  of  tabes  there  is  a  peculiar  degeneration 
of  the  joints  (Charcot's  disease).  The  changes  which  take  place  in  a  nerve  separated  from 
its  centre  are  described  in  }  325. 

[Tropho-neuroses. — Some  of  the  chief  data  on  which  the  existence  of  trophic  nerves  is 
assumed  are  indicated  above.  There  are  many  pathological  conditions  referable  to  diseases  or 
injuries  of  nerves.] 

[Muscles. — As  is  well  known,  p>aral3rsis  of  a  motor  nerve  leads  to  simple  atrophy  of  the 
corresponding  muscle,  provided  it  be  not  exercised ;  but  when  the  motor  ganglionicT  cells  of  the 
anterior  horn  of  gray  matter,  or  the  corresponding  cells  in  the  cms,  pons,  and  medulla,  are 
destroyed,  there  is  an  active  condition  of  atrophy  with  proliferation  ot  the  muscular  nuclei. 
Progressive  muscular  atrophy,  or  wasting  palsy,  is  another  trophic  change  in  muscle,  whereby 
either  individual  muscles,  or  groups  of  muscles,  are  one  after  the  other  paralyzed  and  become 
atrophied.  In  pseudo-hjrpertrophic  paralysis  there  is  cirrhosis  or  increased  development  of 
the  connective-tissue,  with  a  diminution  of  the  true  muscular  elements,  so  that  although  the 
muscles  increase  in  bulk  their  power  is  diminished.] 

[Cutaneous  Trophic  Affections. — Amongst  these  may  be  mentioned  the  occurrence  of  red 
patches  or  erythema,  urticaria  or  nettle-rash,  some  forms  of  lichen,  eczema,  the  bullae  or  blebs 
of  pemphigus,  and  some  forms  of  ichthyosis,  each  of  which  may  occur  in  limited  areas  after 
injury  to  a  nerve  or  its  spinal  or  cerebral  centre.  The  relation  between  the  cutaneous  eruption 
and  the  distribution  of  a  nerve  is  sometimes  very  marked  in  herpes  zoster,  which  frequently 
follows  the  distribution  of  the  intercostal  and  supraorbital  nerves.  Glossy  skin  (Paget,  Weir 
Mitchell)  is  a  condition  depending  upon  impaired  nutrition  and  circulation,  and  due  to  injuries 
of  nerves.  The  skin  is  smooth  and  glossy  in  the  area  of  distribution  of  certain  nerves,  while 
the  wrinkles  and  folds  have  disappeared.  In  myxoedema  the  subcutaneous  tissue  and  other 
organs  are  infiltrated  with,  while  the  blood  contains,  mucin.  The  subcutaneous  tissue  is  swollen, 
and  the  patient  looks  as  if  suffering  from  renal  dropsy.  There  is  marked  alteration  of  the 
cerebral  faculties,  and  a  condition  resembline  a  *'  cretinoid  state  "  such  as  occurs  after  the  ex- 
cision of  the  th3rroid  gland.  Victor  Horsley  has  shown  that  a  similar  condition  occurs  in 
monkeys  after  excision  of  the  thyroid  gland  (J  103,  III).  Laycock  described  a  condition  of 
nervous  oedema  which  occurs  in  some  cases  of  hemiplegia,  and  apparently  it  is  independent  of 
renal  or  cardiac  disease.] 

[There  are  alterations  in  the  color  of  the  skin  depending  on  nervous  affections,  including 
localized  leucoderma,  where  circumscribed  patches  of  the  skin  are  devoid  of  pigment.  The 
pigmentation  of  the  skin  in  Addison's  disease  or  bronzed  skin,  which  occurs  in  some  cases  of 
disease  of  the  suprarenal  capsules,  may  be  partly  nervous  in  its  origin,  more  especially  when  we 
consider  the  remarkable  pigmentation  that  occurs  around  the  nipple  and  some  other  parts  of  the 
body  during  pregnancy,  and  in  some  uterine  and  ovarian  affections. 

In  anesthetic  leprosy,  the  anaesthesia  is  due  to  the  disease  of  the  nervous  structure,  which 
results  in  disturbance  of  motion  and  nutrition.  Amongst  other  remarkable  changes  in  the  skin, 
perhaps  due  to  trophic  conditions,  are  those  of  symmetrical  and  local  gangrene,  and  acute 
decubitus  or  bed-sores.] 

[Bed-Sores. — Besides  the  simple  chronic  form,  which  results  from  over-pressure,  bad  nursing, 
and  inattention  to  cleanliness,  combined  with  some  defect  of  the  nervous  conditions,  there  is 
another  form,  acute  decubitus,  which  is  due  directly  to  nerve  influence  (Charcot).  The  latter 
usually  8q>pear8  within  a  few  hours  or  days  of  the  cerebral  or  spinal  lesion,  and  the  whole  cycle 
of  changes — from  the  appearance  of  the  erythematous  dusky  patch  to  inflammation,  ulceration, 
and  gangrene  of  the  buttock — is  completed  in  a  few  days.  An  acute  bed-sore  may  form  when 
every  attention  is  paid  to  the  avoidance  of  pressure  and  other  unfavorable  conditions.  When  it 
depends  on  cerebral  affections,  it  begins  and  develops  rapidly  in  the  centre  of  the  gluteal  r^on 
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on  the  ptralyzed  side,  bnt  when  it  is  dae  to  disease  of  the  spinal  coid  it  forms  more  in  thentddje 
line  in  the  sacrml  region ;  while  in  unilateral  spinal  lesions  it  occurs  not  on  the  paralyzed,  bit  oe 
the  anaesthetic  side,  a  fact  which  seems  to  show  that  the  trophic,  like  the  sensory  fibres,  deciMte 
in  the  cord  (J^oss).'] 

[There  are  other  forms  due  to  nervous  disease,  including  symmetrical  gangrene  tod  kxil 
asphyxia  of  the  terminal  parts  of  the  body,  such  as  toes,  nose,  and  external  ear,  caused  perhtps 
by  spasm  of  the  small  arterioles  (Raynaud's  disease) ;  and  the  still  more  curiotis  condkio&  of 
perforating  ulcer  of  the  foot.  Hemorrhage  of  nenrous  origin  sometimes  occnrs  in  the  skic, 
including  those  that  occur  in  locomotor  ataxia  after  severe  attacks  of  pain,  and  hgmatomi 
aurium,  or  the  insane  ear,  which  is  specially  common  in  general  paraljrtics.] 

(d)  [Inhibitory  nerves  are  those  nerves  which  modify,  inhibit,  or  sq)prfos 
a  motor  or  secretory  act  already  in  progress.] 

Take  as  an  example  the  effect  of  the  vagus  upon  the  action  of  the  heart.  StimulatioB  cf 
the  peripheral  end  of  the  vagus  causes  the  heart  to  stand  still  in  diastole  (2  85);  see  ibo  the 
effect  of^the  splanchnic  upon  the  intestinal  movements  ({  161).  The  vaso-dilator  nerves, 
or  those  whose  stimulation  is  followed  by  dilatation  of  the  blood-vessels  of  the  area  whid 
they  supply,  are  referred  to  especially  in  2  237. 

[There  is  the  greatest  uncertainty  as  to  the  nature  and  mode  of  action  of  inhibitofy 
nerves,  but  take  as  a  type  the  vagus  which  depresses  the  function  of  the  heart,  as  sbotni  br 
the  slower  rhythm,  diminution  of  the  contractions,  relaxation  of  the  muscular  tissue,  loweriag  of 
the  excitability  and  conduction.  These  phenomena  are  not  due  to  exhaus^on.  Gaskell  points 
out  that  the  action  is  beneBcial  in  its  after-effects,  so  that  this  nerve,  although  it  causes  diminisbed 
activity,  is  followed  by  repair  of  function ;  hence,  he  groups  it  as  an  anabolic  nerve,  the  mc 
ward  symptoms  of  cessation  of  function  indicating  that  constructive  chemical  changes  are  goa$ 
on  in  tne  tissue.] 

(e)  Thermic  and  electrical  nerves  have  also  been  surmised  to  exist. 
[Gaskell  classifies  the  efferent  nerves  differently.    Besides  motor  nerves 

to  striped  muscle,  he  groups  them  as  follows : — 

1.  Nerves  to  vascular  muscles. 

{a)  Vaso-maior,  1.  ^.,  vaso-constrictors ;  accelerators  and  augmentors  of  the  heart. 
(d)  Vaso-inhibitory,  i,  g,,  vaso-dilators ;  and  inhibitors  of  the  heart. 

2.  Nerves  of  the  visceral  muscles. 

ia)  Viscero-motor, 
b)  VisctnhinhUntory, 
andular  nerves.] 

[Other  terms  are  applied  to  nerves  with  reference  to  the  chemical  changes 
they  excite  in  a  tissue  in  which  they  terminate.  The  ordinary  metabolism  is 
the  resultant  of  two  processes — one  constructive,  the  other  destructive,  or  d 
assimilation  and  dissimilation  respectively.  The  former  process  is  anabolisou 
the  latter  katabolism.  A  motor  nerve  excites  chemical  destructive  changes  in 
a  muscle,  and  is  so  far  the  katobolic  nerve  of  that  tissue ;  secretory  nerves 
are  also  katabolic  in  this  sense ;  in  the  same  way  the  sympathetic  to  the  heart 
by  causing  more  rapid  contraction,  is  also  a  katabolic  nerve,  while  the  vagica? 
it  arrests  the  heart's  action,  and  brings  about  a  constructive  metabolism  oi  the 
cardiac  tissue,  is  an  anabolic  nerve,  and  so  are  the  inhibitory  nerves  of  the 
blood-vessels  and  the  viscera  {Gaskell)."] 

II.  Centripetal  or  Afferent  Nerves. 

[Afferent  nerve-fibres  are  those  fibres  that  carry  impulses  from  the  periphcrr 
to  the  centre,  usually  the  central  nervous  system.] 

(a)  Sensory  nerves  (sensory  in  the  narrower  sense),  which  by  means  01 
special  end-organs  conduct  sensory  impulses  to  the  central  nervous  system. 

(b)  Nerves  of  Special  Sense. 

(c)  Reflex  or  Excito-motor  Nerves. — When  the  periphery  of  one  ci 
these  nerves  is  stimulated,  an  impulse  is  set  up  which  is  conducted  by  them  to: 
nerve-centre,  from  whence  it  is  transferred  to  a  centrifugal  ox  efferent  fibre,  ao^^ 
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the  mechanism  (I,  a,  b,  c,  d)  in  connection  with  the  peripheral  end  of  this 

efferent  fibre   is  set  in  action;  thus  there  are — 

Reflex  motor,  Reflex  secretory,  and  Reflex 

inhibitory  fibres.     [Fig.  510  shows  the  simplest 

mechanism  necessary  for  a  reflex  motor  act.    The 

impulse  starts  from  the  skin,  S,  travels  up  the 

nerve,  af^  to  the  nerve-centre  or  nerve-cell,  N, 

situate  it  may  be  in  the  spinal  cord,  where  it  is 

modified  and  transferred  to  the  outgoing  fibre,  ef^ 

and  conveyed  by  it  to  the  muscle,  M.] 

[In   all  probability  the  mechanism  is  not  so 
simple  as  is  shown  in  fig.  510.     In  some  cases  Fig.  510. 

both  the  ingoing  and  the  outgoing  fibres  are  con-  Scheme  of  a  reflex  motor  act.  S, 
nected  with  separate  nerve-cells,  so  that  the  fig.  skin;  af,  afferent  nerve;  N, 
S 1 1  would  represent  what  occurs  in  this  case.  Fig.  nervecell ;  ef,  efferent  fibre. 
511  represents,  on  the  same  hypothesis,  schemata  of  a  reflex  secretory  act,  and 
also  of  a  reflex  inhibitory  act.  In  the  last  case,  the  impulses  carried  along  the 
fibre,  inh^  prevent  the  reflex  motor  effect  from  taking  place.] 


Reflex  motor. 


Reflex  inhibitory 


Reflex  sensory. 

Fig.  511. 

Schemata  of  varioas  reflex  acts  (Stirling), 

III.  Intercentral  Nerves. 

These  fibres  serve  to  connect  ganglionic  centres  with  each  other,  as,  for 
example,  in  co-ordinated  movements  and  in  extensive  reflex  acts. 


THE  CRANIAL  NERVES. 

343.  I.  NERVUS  OLPACTORIUS.— Anatomical.— The  three-sided  prismatic  tractus 
ollactoiius,  lying  in  a  groove  on  the  under  surface  of  the  frontal  lobe,  arises  by  means  of  an 
inner,  outer,  and  middle  root,  from  the  tuber  olfactoriura  (fig.  428, 1).  The  tractus  swells  out 
upon  the  cribriform  plate  of  the  ethmoid  bone,  and  becomes  the  bulbus  olfactorius,  which  is 
the  analogue  of  the  special  portion  of  the  brain,  existing  in  different  mammals  with  a  well-devel- 
oped sense  of  smell  ( Graiiolet),  From  twelve  to  fifteen  olfactory  filaments  pass  through  the 
foramina  in  the  cribriform  plate  of  the  ethmoid  bone.  At  first  they  lie  between  the  periosteum 
and  the  mucous  membrane,  but  in  the  lower  third  of  their  course  they  enter  the  mucous  mem- 
brane of  the  regio  olfactoria.  The  bulb  consists  of  white  matter  below,  and  above  of  gray  mat- 
ter mixed  with  small  spindle-shaped  ganglionic  cells  (J  420).  Henle  describes  six,  and  Mey- 
nert  eight  layers,  of  nervous  matter  seen  on  transverse  section.  [The  centre  for  smell  lies  in 
the  tip  of  the  uncinate  gyrus  on  the  inner  surface  of  the  cerebral  hemisphere  (Ferrier) .]  According 
to  Gndden,  removal  of  the  olfactory  bulb  is  followed  by  atrophy  of  the  gyrus  nncinatus  on  the  same 
side.  According  to  Hill,  the  three  roots  of  the  olfactory  bulb  stream  backwards,  the  inner  one  is 
small,  the  middle  one  is  a  thick  bundle,  which  grooves  the  head  of  the  caudate  nucleus,  curves  in- 
wards to  the  anterior  commissure,  and  crosses  z//^  this  commissure  where  it  decussates,  and  passes 
to  the  extremity  of  the  tempero-sphenoidal  lobe.  The  outer  roots  pass  transversely  into  the  pyriform 
lobe,  thence  vid  the  fornix,  corpora  albicantia,  the  bundle  of  Vicq  d'Azyr  into  the  anterior  end 
€iii  the  optic  thalamus.  Hill  also  points  out  that  the  elements  contained  in  the  olfactory  bulb  are 
identical  with  those  contained  in  the  four  outer  layers  of  the  retina.    Flechsig  traces  its  origin 
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(i)  to  the  gyrus  fornicatus,  (2)  through  the  lamina  perforata  anterior  to  the  iotenor  capsale 
(sensory  part),  and  to  the  gyrus  uncinatus  (sensory  area  of  the  cerebrum)  (]  378,  IV).  Probably 
the  fibres  at  their  origin  cross  to  the  cerebrum.  There  is  a  connection  between  die  ol^ctoij 
bulbs  in  the  anterior  commissure.     [Each  nerve  is  related  to  both  hemispheres.] 

Function. — It  is  the  only  nerve  of  smell.  Physiologically,  it  is  excited 
only  by  gaseous  odorous  bodies — {Sense  of  Smelly  §  420).  Stimulation  of  the 
nerve,  by  any  other  form  of  stimulus,  in  any  part  of  its  course,  causes  a  sensa- 
tion of  smell.  [It  also  conveys  those  impressions  which  we  call  flavors,  hut  in 
this  case  the  sensation  is  combined  with  impressions  from  the  organs  of  taste. 
In  this  case  also  the  stimulus  reaches  the  nerve  by  the  posterior  nares.]  Con- 
genital absence  or  section  of  both  olfactory  nerves  abolishes  the  sense  of  smell 
(easily  performed  on  young  animals — Biffi). 

Pathological. — The  term  h3rpero8mia  is  applied  to  cases  where  the  tense  of  smell  is  exco- 
sively  and  abnormally  acute,  as  in  some  hysterical  persons,  and  in  cases  whei^  there  is  a  pordj 
subjective  sense  of  smell,  as  in  some  insane  persons.  The  latter  is  perhaps  due  to  an  atnGraa] 
stimulation  of  the  cortical  centre  ({  378,  IV).  Hyposmia  and  anosmia  (f.  <.,  diminotion  ani 
abolition  of  the  sense  of  smell)  may  be  due  to  mechanical  causes,  or  to  over-stimolatioa.  Strych- 
nin sometimes  increases,  while  morphia  diminishes,  the  sense  of  smelL  [Method  of  Testmf, 

J  421] 

344.  II.  NERVUS  OPTICUS.— Anatomical.—The  tractus  opticus  (fig.  517,  IT; 
turises  from  the  anterior  corpora  ouadrigemina,  the  corpus  geniculatum  externum,  and  the  tlah* 
mus  opticus  (fig.  528),  as  well  as  from  the  gray  matter  which  lines  the  third  ventricle  (  Tartt^enX 
A  broad  bundle  of  fiores  passes  from  the  origin  of  the  optic  tract  to  the  cortical  visual  centre, 
in  the  occipital  lobe  on  the  same  side  ( IVemtcke — {  379,  IV).  Fibres  pass  from  the  cerebelka 
through  the  crura. 

The  optic  tract  bends  round  the  pedunculus  cerebri,  where  it  unites  with  its  fellov  of  tbe 
opposite  side  to  form  the  chiasma,  and  from  the  opposite  side  of  this  the  two  optic  nems 
spring. 

[Connections  of  Optic  Tract. — There  is  very  considerable  difficulty  in  ascertaimog  tbe 
exact  origin  of  all  the  fibres  of  the  optic  tract  Although  as  yet  the  statement  of  Gratiolet  is  not 
proved,  that  the  optic  tract  is  directly  connected  with  every  part  of  the  cerebral  bemiq)liefe  is 
man,  from  the  frontal  to  the  occipital  lobe,  still  the  researches  of  D.  J.  Hamilton  have  ^ovs 
that  its  connections  are  very  extensive.  It  is  certain  that  some  of  them  are  gangfiooic,  1. 1^ 
connected  with  the  ganglia  at  the  base  of  the  brain,  while  others  are  cortical^  and  form  ooDoec- 
tions  with  the  cortex  cerebri.  The  ganglionic  fibres  arise  from  the  lateral  corpora  genimhia, 
pulvinar,  and  anterior- corpora  quadrigemina,  and  probably  also  from  the  substance  of  the  tiialt- 
mus.  The  cortical  fibres  join  the  ganglionic  to  form  the  optic  tract.  According  to  D. }.  His- 
ilton,  the  connection  with  the  cortex  in  ^t  frontal  region  is  brought  about  by  *'  Meynext's  cob- 
missure.*'  The  latter  arises  directly  from  the  lenticular-nucleus>loop,  decussates  io  the  huaaa 
cinerea,  and  jxisses  into  the  optic  nerve  of  the  opposite  side.  The  lenticular-nu^as-loop  ii 
formed  below  the  lenticular  nucleus  by  the  junction  of  the  striae  medullares;  the  striae  medalfaRS 
form  part  of  the  fibres  of  the  internal  capsule,  and  the  inner  capsule  b  largely  composed  of  fibres 
descending  from  the  cortex.  Hamilton  also  asserts  that  other  cortical  connectioos  join  the  tr^ 
as  it  winds  round  the  pedunculus  cerebri,  and  they  include  (a)  a  large  mass  of  fibres  cooBiog  froa 
the  motor  areas  of  the  opposite  cerebral  hemisphere,  crossing  in  the  corpus  caliosom,  eotcraf 
the  outer  capsule,  and  joining  the  tract  directly :  (^)  fibres  uniting  it  to  the  temportK^ieo»iii 
lobe  of  the  same  side,  especially  the  first  and  second  temporo-sphenoidal  convolutioos ;  (<-)  fi*a 
to  the  gyrus  hippocampi  of  the  same  side ;  (^)  a  large  leash  of  fibres  forming  the  *'  optic  radi- 
ation "  of  Gratiolet,  which  connect  it  directly  with  the  tip  of  the  occipital  lobe.  There  st 
probably  also  indirect  connections  with  the  occipital  region  through  some  of  the  basal  gaa^ 
Although  some  observers  do  not  admit  the  connections  with  the  frontal  and  ^heDoidal  lobe9>  ^ 
are  agreed  as  to  its  connection  with  the  occipital  by  means  of  the  "  optic  radiation."] 

[The  optic  radiation  of  Gratiolet  is  a  wide  strand  of  fibres  expanding  and  terminatiag  m 
the  occipital  lobes.  It  is  composed  of,  or,  stated  otherwise,  gives  branches  to  (#)  the  optic  tzae 
directly,  (jH)  the  corpus  geniculatum  internum  and  externum,  {c)  to  the  pulvinar  and  swhitaarr  ci 
the  thalamus,  (d)  a  direct  sensitive  band  (Me3rnert'8  "  Sensitive  band  "),  to  the  posterior  third ^ 
the  posterior  limb  of  the  inner  capsule,  (e)  fibres  which  run  between  the  island  of  Reil  and  tk 
tip  of  the  occipital  lobe  {D.f,  Hamilton).'] 

Chiasma. — The  extent  of  the  decussation  of  the  optic  fibres  in  the  chiasoa 
is  subject  to  variations.  As  a  rule,  rather  more  than  half  of  the  fibres  of  qsa 
tract  cross  to  the  optic  nerve  of  the  opposite  side  (fig.  572),  so  that  tiic  kn 
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optic  tract  sends  fibres  to  the  left  half  of  both  eyes,  while  the  right  tract  sup- 
plies the  right  half  of  both  eyes  (§  378,  IV).  [Thus,  the  corresponding 
regions  of  each  retina  are  brought  into  relation  with  one  hemisphere.  The  fibres 
which  cross  are  from  the  nasal  half  of  each  retina  (fig.  513).] 

Hence,  in  man,  destruction  of  one  optic  tract  (and  its  central  continuation  in  the  occipital 
lobe  of  the  cerd}rum)  produces  '*  equilateral  or  homonymous  hemianopia.'*  In  the  cat  there 
is  a  semi-decussation ;  hence,  in  this  animal  extirpation  of  one  eyeball  causes  atrophy  and 
degeneration  of  half  of  the  nerve-fibres  in  both  optic  tracts  ( Gudden),  Baumgarten  and  Mohr 
have  observed  a  similar  result  in  man.  A  sagittal  section  of  the  chiasma  in  the  cat  produces 
partial  blindness  of  both  eyes  (Nicati).  According  to  Gudden,  the  fibres  which  decussate  are 
more  numerous  than  those  which  do  not,  although  J.  Stilling  maintains  that  they  are  only 
slightly  more  numerous.  According  to  J.  Stilling,  the  decussating  fibres  lie  in  the  central  axis 
of  the  nerve,  while  those  which  do  not  decussate  form  a  layer  around  the  former. 

In  very  rare  cases  the  decussation  is  absent  in  man,  so  that  the  right  tract  passes  directly  into 
the  right  eyeball,  and  the  left  into  the  left  eyeball  ( Vfsa/ius,  Caldani),  the  sight  not  being  inter- 
fered with. 
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Fig.  512.  Fig.  513. 

Fig.  512. — Scheme  of  the  semi-decussation  of  the  optic  nerves.  Z.  A.,  left  eye;  J^.  /#.,  right 
eye.  Fig.  5l3.~Diagram  of  the  relation  of  the  field  of  vision,  retina,  and  optic  tracts. 
RF,  LF,  right  and  left  fields  of  vision — the  asterisk  is  at  the  fixing  point;  RR,  LR,  right 
and  left  retina — the  asterisk  is  at  the  macula  lutea ;  /.  i.,  r.  >!.,  left  half  and  right  half  of 
each  retina,  receiving  rays  from  the  opposite  half  of  the  field ;  RN,  LN,  right  and  left 
optic  nerves;  C*,  chiasma;  RT,  LT,  nght  and  left  optic  tracts;  below,  the  halves  of  the 
fields  from  which  impressions  pass  by  each  optic  tract  are  superimposed  (Cowers), 

Other  observers  maintain  that  there  is  complete  decussation  of  all  the  fibres  in  the  chiasma. 
lence,  section  of  one  optic  nerve  causes  dilatation  of  the  pupil  and  blindness  on  the  same  side, 
'bile  section  of  one  optic  tract  causes  dilatation  of  the  pupil  and  blindness  of  the  opposite  eye 
Knoll). 

Amongst  animals,  there  is  partial  decussation  in  the  rabbit,  cat,  and  dog;  total  decussation 
I  the  mouse,  guinea-pig,  pigeon,  and  owl.  In  osseous  fishes,  both  optic  nerves  are  isolated  and 
erely  cross  over  each  other,  while  in  the  cyclostomata  they  do  not  cross  at  all.  [Total 
scussation  occurs  in  those  animals  where  the  eyes  do  not  act  together.] 

Injury  of  the  external  geniculate  body  and  section  of  the  anterior  brachium  have  the  same 
feet  as  section  of  the  optic  tract  of  the  same  side  (§  ^$g-^Bechterew), 

It  is  quite  certain  that  the  individual  fibres  do  not  divide  in  the  chiasma.  Two  commissures, 
e  inferior  commissure  ( Gudden)  and  Mejmert's  commissure,  unite  both  optic  tracts  further 
ick. 

A  special  commissure  (C.  inferior)  extends  in  a  curved  form  across  the  posterior  angle  of  the 
[iosma  (^Gudden).  It  does  not  degenerate  after  enucleation  of  the  eyeballs,  so  that  it  is 
garded  as  an  intercentral  connection.  After  excision  of  an  eye,  there  is  central  degenera- 
HI  of  the  fibres  of  the  optic  nerve  entering  the  eyeball  (Gudden)^  and  in  man  about  the  half 

the  fibres  in  the  corresponding  optic  tract  (^Baumgarten^  Mohr).    After  section  of  both 
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optic  nerves,  or  enuclcMion  of  both  eyeballs,  (here  ii  ■  degeneralioD,  praceedinE  coDiUi. 
ot  the  whole  opiic  trad.  The  degeneration  extends  to  ibe  ongim  in  ihe  coipora  qaidriiniiii], 
external  corpora  geniculata,  and  pulvinar,  but  not  into  the  conducting  paths  leading  to  ibc  m 
tical  visual  centre  (v.  Mottakma)  (^  37S,  IV,  I).  [This  shows  that  perh^n  the  nenectlU  c( 
the  retina  ore  Ihe  tropbic  centres  for  the  fibres  of  tbe  optic  nerve.] 

[Hemianopia  and  Henrianopsia. — When  one  optic  trad  is  interfered  with  or  di>idtd. 
there   is  interference  with   or  loss  of  sight  in  the  lateral  halves  of  both  retinx,  the  blind  («n 
being  separated  from  Ihe  other  half  of  the  field  of  vision  by  a  vertical  line.     When  jiiiipokn 
of  as  paralysis  of  one-half  of  the  retina,  the  term  bemtopia,  or  preferably  hemianopii.  ii 
applied  to  it ;  when  with  reference  to  the  field  of  visioo,  the  term  heioiaiiopsia  ii  luel  |Kt 
Eyt\.     Suppose  the  left  optic  tract  to  be  divided  or  pressed  upon  bf  a  ttimor  at  K  [fig.  514I. 
then  the  outer  half  of  the  left  and  the  inner  half  of  the  right  eye  are  blind,  cansii^  rigil  talmi 
htinianefsia,ij.,\)it  two  halves  are  affected  which  correspond  m  ordinarf  vision, »  tlul  Ibc 
coodilion  is  spoken  of  as  homonymous  hemianopsia.     Suppose  the  lesioo  to  be  U  T  [\. 
514),  then  there  is  paralysis  of  th£  itiHcr  halves  of  bot/t  eyes,  causing  dfitile  tempvral  htwaa- 
opsia.     When  there  are  two  lesions  at  NN,  which  is  very  rare,  the  atUir  halva  of  botli  rcou 
are  paralyzed,  so  that  there  is  double  nasal  hemianopsia.     In  order  to  explain  some  of  tbe<ic 
symptoms  that  occasionally  occur  in  cerebral  diiesse,  Charcot  has  supposed  that  some  of  ibt 
iihres  which  pass   from  the  extrmal  geninliic 
body  to  the  visual  centres  in  the  ocdpilal  lobe 
cross  behind  the  corpora  qaadrigemioa,  aod  tbs 
is  repreMnted  in  the  diagram  as  ocnrrine  u 
TQ,  in  (he  corpora  quadrigemina.     On  ihiinn. 
all   Ihe  occi[ntal  cotical   fibres   from  one  eic 
would  ultimately  pass  to  the  cortex  of  tbe  occip- 
ital lobe  of  the  oppoutc  hemi^hen.    Tim  rin, 
however,  by  no  means  ezptains  all  the  (lav  (i> 
in  cases  of  homonymous  hemianopsia  the  \aBb 
of  central  vision  on   both  sides,  ij.,  both  dk- 
ulx  lutete,  are   always  unaffected,  so  tbrt  >  b 
assumed  that   each   macula  lotea   is  MoBeani 
with   both   hemispheres.     The  second  cnwq 
suggested  by  Charcot  probably  does  ml  occcl 
Affections  of  the  optic  nerve,  t^.,  betweei  lk 
eyeball  and  the  chiasma,  >>.,  in  the  orbit,  c|ib[ 
foramen,  or  within  ihesknll,  affect  one  CTeoalr: 
of  the  middle   of  the  chiasms,  caase  leapnt 
hemiopia;    of  the  optic  trad,  between  the  cbi. 
asma  and  occipital  cottex,  hemiopia,  wludi  ■ 
always  symmetrical  (■(?Miwr-i).] 

Fig.  513,  reduced  from  that  of  nowen,  ii<"i 

1^'E'  5  '4-  '''^  relation  of  the  fields  of  visioo  of  the  reliu. 

tracts,  and  the  cerdxal  (^Mic  centre. 

Diagram  of  the  decussation  of  the  optic  (racla. 

T,  semi-decussation  in  the  chiasms;  TQ,       Function. — The  optic  nerve  is  tbt 

decuss^n  of  fibres  behind  the  extgeni-      ^„g   of  Sight ;   phvsiologicaUy,  it  i' 

culate  bodies  (CG);  a'*,  fibres  which  do  not  ..    ,        ,    ?     X.''  '      ,  *  i  ,\.. 

decussate  in  tf.e  cliiasma ;  4' a',  fibres  pra-  "<:'«d  only  by  the  transference  of  tit 

ceeding   from  the   right  eye,  and  coming  Vibrations  of  the  ether  to  the  rods  and 

together  in   the   left  hemisphere   (LOG) ;   coties    of    the    retina    (§  3833.       Evnr 

LOG,  K,  lesion  of  the  left  optic  tract  pro-  other  form   of  stimoliis,   when   applied 

daemg  right  lateral  hemianopsia ;  A,  lesion   ^^  (he  nerve  io  its  COUrse  or  at  its  cenln. 

in  tlie  left  hemisphere  producing  crossed  ,,  ..  p  1-   i_^       c    ... 

amblyopia  (right  ^e)  J  f,  lesion  producing  "^"^^  '^e  sensation   of  hghL      Section 

temporal    hemianopsia ;     NN,   lesion   pro-   or  degeneration  of  the  nerve  is  foUowfO 

ducmg  nasal  hemianopsia.  by  blindness.     Stimulation  of  the  optic 

nerve  causes  a  reflex  contraction  of  the 

pupils,  the  efferent  nerve  being  the  oculomotorius  or  third  cranial  nerve,    i.' 

the  stimulus  be  very  strong,  the  eyelids  are  closed  aod  there  is  a  secretion  of 

tears.     Tbe  influence  of  light  upon  the  general  metabolism  is  stated  at  §  116,9. 

As  the  optic  nerve  has  special  and  independent  connections  with  the(i 

so-called  visual  centre  (§  378,  IV),  as  well  as  with  (a)  the  centre  for  narrvmi^ 

the  pupil  (§  34S),  it   is  evident   that,  under  pathological  circu instances,  ibfie 

may  be,  On  the  one  hand,  blindness  with  retention  of  the  action  of  the  iris. 
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and  on  the  other  loss  of  the  movements  of  the  iris,  the  sense  of  vision  being 
retained  (  Wernicke). 

Gudden  found  two  different  kinds  of  nerve-fibres  in  the  optic  nerve  ;  fine 
or  visual  fibres,  with  their  centre  in  the  opposite  corpora  quadrigemina,  and 
larger  ones — pupil-contracting  fibres — arising  in  the  external  geniculate  body. 
Destruction  of  the  visual  fibres  causes  blindness,  of  the  others  dilatation  of 
the  pupil. 

Pathological. — Stimalation  of  almost  the  whole  of  the  nervous  apparatus  may  cause  excessive 
sensibility  of  the  visual  apparatus  (hjrpersesthesia  optica),  or  even  visual  impressions  of  the 
most  varied  kinds  (photopsia,  chromatopsia),  which  in  cases  of  stimulation  of  the  visual 
centre  may  become  actual  visual  hallucinations  (J  378,  IV).  Material  change  in,  and 
inflammation  of,  the  nervous  apparatus  are  often  followed  by  a  nervous  weakness  of  vision 
(amblyopia),  or  even  by  blindness  (amaurosis).  Both  conditions,  however,  may  be  the  signs 
of  disturbances  of  other  organs,  i.  ^.,  they  are  '*  sjrmpathetic''  signs,  due  it  may  be  to  changes 
in  the  movement  of  the  blood  stream,  depending  upon  stimulation  of  the  vaso-motor  nerves. 
The  discovery  of  the  partial  origin  of  the  optic  nerve  from  the  spinal  cord  explains  the 
occurrence  of  ambylopia  with  partial  atrophy  of  the  optic  nerve,  in  disease  of  the  spinal  cord, 
especially  in  tabes.  Many  poisons,  such  as  lead  and  alcohol,  disturb  vision.  There  are 
remarkable  intermittent  forms  of  amaurosis  known  as  day-blindness  or  hemeralopia,  which 
occurs  in  some  diseases  of  the  liver,  and  is  sometimes  associated  with  incipient  cataract.  [The 
person  can  see  better  in  a  dim  light  than  during  the  day  or  in  a  bright  light.  In  night- 
blindness  or  nyctalopia,  the  person  cannot  see  at  night  or  in  a  dim  light,  while  vision  is  good 
during  the  day  or  in  a  bright  light.  It  depends  upon  disorder  of  the  eye  itself,  and  is  usually 
associated  with  im(>erfect  conditions  of  nutrition.] 

345.  III.  NERVUS  OCULOMOTORIUS.— Anatomical.— It  springs  from  the  oculo- 
motorius  nucleus  (united  with  that  of  the  trochlearis),  which  is  a  direct  continuation  of  the 
anterior  horn  of  the  spinal  cord,  and  lies  under  the  aqueduct  of  Sylvius  (figs.  517,  520).  [The 
motor  nucleus  (fig.  516)  gives  origin  to  three  sets  of  fibres,  for  (i)  the  most  of  the  muscles  of  the 
eye-balls,  (2)  the  sphincter  pupillse,  (3)  ciliary  muscle.  The  nucleus  of  the  3d  and  4th  nerves  is 
also  connected  with  that  of  the  ith  under  the  iter,  so  that  all  the  nerves  to  the  ocular  muscles 
are  thus  co-related  at  their  centres.] 

The  origin  is  connected  with  the  corpora  quadrigemina,  to  which  the  intraocular  fibres  may 
be  traced,  and  also  with  the  opposite  half  of  the  brain  to  the  angular  gyrus  (2  378, 1)  through 
the  pedunculus  cerebri.  Beyond  the  pons,  it  appears  on  the  inner  side  of  the  cerebral  peduncle, 
between  the  superior  cerebellar  and  posterior  cerebral  arteries  (fig.  517,  III). 

Functions. — It  contains — (i)  the  voluntary  motor  fibres  for  all  the  external 
muscles  of  the  eyeballs — except  the  external  rectus  and  superior  oblique — and 
for  the  levator  palpebrse  superioris.  The  co-ordination  of  the  movements  of 
both  eye-balls,  however,  is  independent  of  the  will.  (2)  The  fibres  for  the 
sphincter  pupillse,  which  are  excited  reflexly  from  the  retina.  (3)  The 
voluntary  fibres  for  the  muscle  of  accommodation,  the  tensor  choroidese  or 
ciliary  muscle.  The  intra-bulbar  fibres  of  2  and  3  proceed  from  the  branch  for 
the  inferior  oblique  muscle,  as  the  short  root  of  the  ciliary  ganglion  (fig,  518). 
They  reach  the  eyeball  through  the  short  ciliary  nerves  of  the  ganglion.  V. 
Trautvetter  and  others  observed  that  stimulation  of  the  nerve  caused  changes 
in  the  eye  similar  to  those  which  accompany  near  vision.  The  three  centres 
for  the  muscle  of  accommodation,  the  sphincter  pupillae,  and  the  internal  rectus 
muscle,  He  directly  in  relation  with  each  other,  in  the  most  posterior  part  of 
the  floor  of  the  third  ventricle  {Hensen  and  Volckers). 

The  centre  for  the  reflex  stimulation  of  the  sphincter  fibres  by  light  was 
said  to  be  in  the  corpora  quadrigemina,  but  newer  researches  locate  it  in  the 
medulla  oblongata  (§§  379,  392).  The  narrowing  of  the  pupil,  which  accom- 
panies the  act  of  accommodation  for  a  near  object,  is  to  be  regarded  as  an  asso- 
ciated movement- (§  392,  5). 

Anastomoses. — Id  man,  the  nerve  anastomoses  on  the  sinus  cavernosas  with  the  ophthalmic 
branch  of  the  trigeminus,  whereby  it  receives  sensory  Jibres  for  the  muscles  to  which  it  is  distri- 
buted (  Valentin^  AdamUk)^  with  the  sympathetic  through  the  carotid  plexus,  and  (?)  indirectly 
through  the  abducens,  whereby  it  receives  vaso-motor  fibres  (?). 
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Varieties. — In  some  rare  cases,  the  pupillary  fibres  for  the  sphincter  run  in  the  tbdncoB 
(Adamiik),  or  even  in  the  trigeminus  (Schtff^  v.  Grd/e). 

Atropin  paralyzes  the  intrabulbar  fibres  of  the  oculomotorius,  while  Calabar 
bean  stimulates  them  (or  paralyzes  the  sympathetic,  or  both — compare  §  392). 

Stimulation  of  the  nerve,  which  causes  contraction  of  the  pupil,  is  best  demonstrated  00  the 
decapitated  and  opened  head  of  a  bird.  The  pupil  is  dilated  in  paralysis  of  the  oculomocorias, 
in  asphyxia,  sudden  cerebral  anxmia  (e,  ^.,  by  ligature  of  the  carotids,  or  bdieadii^),  swkfcp 
venous  congestion,  and  at  death. 

Pathological.— Complete  paralysis  of  the  oculomotorius  is  followed  by — (1)  drooping  of 
the  upper  eyelid  (ptosis  paralytica) ;  (2)  immobility  of  the  eyeball;  (3)  squinting  (strabigiTO) 
outwards  and  downwards,  ahd  consequently  there  is  double  Tision  (diplopia) ;  (4)  slight  protro- 
sion  of  the  eyeball,  because  the  action  of  the  superior  oblique  muscle  in  pulling  the  eyeball  for- 
ward is  no  longer  compensated  by  the  action  of  three  paralyzed  recti  muscles.  In  animals 
provided  with  a  retractor  bulbi  muscle,  the  protrusion  of  the  eyeball  is  more  pronounced;  (5) 
moderate  dilatetion  of  the  pupil  (mydriasis  paralytica) ;  (6)  the  pupil  does  not  contract  to 
light;  (7)  inability  to  accommodate  for  a  near  object.  It  is  to  be  noted,  howew. that  tk 
paralysis  may  be  confined  to  individual  branches  of  the  nerve,  i,  e.,  there  may  be  incompkte 

paralysis. 

[Squinting. — In  paralysis  of  the  superior  rectus,  the  eye  cannot  be  moved  upwards,  aad 
especially  upwards  and  outwards.  There  is  diplopia  on  looking  upwards,  the  lalse  image  bel^ 
above  the  true,  and  turned  to  the  right  when  the  left  eye  is  affected  (fig.  515,  i)-  Inferior 
Rectus. — Defect  of  downward,  and  especially  downward  and  outward  movement,  the  eye  bciaj 
directed  upwards  and  outwards.  Diplopia  with  crossed  images,  the  false  one  is  below  the  Irae 
image  and  placed  obliquely,  being  turned  to  the  left  when  the  left  eye 'is  affected.     Diplopia  is 
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rectus.  rectus.  rectus.  oblique.  rectus.  obiiqac. 

Fig.  515. 
The  black  .cross  represents  the  true  image,  the  thin  cross  the  false  image.     The  left  eye  b 

represented  as  affected  in  all  cases  {Brisiow). 

most  troublesome  when  the  object  is  below  the  line  of  vision  ffig.  515,  5).  Internal  Rtetns.— 
Defective  inward  movement,  divergent  squint,  and  diplopia,  the  images  oeing  on  the  same  pbae, 
the  false  one  to  the  patient's  right  when  the  left  eye  is  affected.  The  head  is  turned  to  tbe 
healthy  side,  when  looking  at  an  object,  while  there  is  secondary  deviation  of  the  healthy  m 
outwards  ffig.  515,  i).  Inferior  oblique — is  rare,  the  eye  b  turned  slightly  downwards  aad  ia- 
wards,  ana  defective  movement  upwards.  Diplopia  with  the  false  image  above  the  true  ooe, 
especially  on  looking  upwards ;  the  false  image  is  oblique,  and  directed  to  the  patient's  kfi 
when  the  left  eye  is  affected  (fig.  515,  4).] 

Stimuliition  of  the  branch  supplying  the  levator  palpebrae  in  man  causes  lagophthalms 
spasticus,  while  stimulation  of  the  other  motor  fibres  causes  a  corresponding  strabismos  spas- 
ticus.  The  latter  form  of  squinting  may  be  caused  also  reflexly — e.  g,^  in  teething,  or  in  case 
of  diarrhoea  in  children;  [the  presence  of  worms  or  other  source  of  irritation  in  the  intestinocf 
children  is  a  frequent  cause  of  squinting].  Clonic  spasms  occur  in  both  eyes,  and  also  as  in- 
voluntary movements  of  the  eyeballs  constituting  n3rstagmus,  whidi  may  be  produced  I7 
Stimulation  of  the  corpora  quadrigemina,  as  well  as  by  other  means.  Tonic  contraction  of  te 
sphincter  pupilke  is  called  myosis  spastica,  and  clonic  contraction,  hippus.  Spasm  of  t^ 
muscle  of  accommodation  f  ciliary  muscle)  is  sometimes  observed ;  owing  to  the  imperfect  jsdlg- 
ment  of  distance,  this  condition  is  not  unfrequently  associated  with  macropia. 

[Conjugate  Deviation. — Some  movements  are  produced  by  non-corresponding  muscles  ;A«* 
on  looking  to  the  right,  we  use  the  right  external  rectus  and  left  internal  rectus,  and  the  ttae 
is  the  case  in  turning  the  head  to  the  right,  e,  ^.,  the  inferior  oblique,  some  muscles  of  the  v^ 
side  act  along  with  the  left  sterno-mastoid.  In  hemiplegia,  the  muscles  on  one  side  are  panJyKd 
so  that  the  head  and  often  the  eyes  are  turned  away  from  the  paralyzed  side,  t.  ^.,  to  the  side  of 
the  brain  on  which  the  lesion  occurs.  This  is  called  '*  conjugate  deviation  '*  of  the  eyes,  vtl- 
rotation  of  the  head  and  neck.  If  the  right  external  rectus  be  paralyzed  from  an  affectioe  0^ 
the  sixth  nerve,  on  telling  the  patient  to  look  to  the  right  it  will  be  found  that  the  left  eye  vil 
squint  more  inwards  even  than  the  right  eye,  f.  £.,  owing  to  the  strong  volontary  cifait,  ^ 
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noick,  the  left  intenul  rectoi,  vhich  maallracn  along  with  the  right  external  cectus,  contracts 
rigorogslf ,  and  so  we  gel  iecondary  deviation  oF  tbe  sound  eye.  Similar  results  occur  in 
cDDiKCiian  with  paraljrsis  of  other  ocular  muscles.] 

34G.  IV.  NERVUS  TROCHLEARIS.— AnatomicBl.— It  arises  from  the  valve  of 
Vicuiscns,  t.  e.,  teAinJihe  fourth  ventricle,  but  its  fibres  pass  to  the  oculomotorins  froro  the 
Imhiiarii  Hu/ltut,  which  is  to  1  certain  extent  a  continualioD  of  the  anterior  horn  of  the  spinal 
ran)  (liga.  J16,  520).  It  passes  to  the  lower  Tnai^ioof  the  corpora  quadiigemina,  pierces  the  roof 
cf  [be  aqueduct  of  Sjrlvins,  then  itito  the  velum  medullare  superius,  and  after  decusBaling  with 


Fig.  S16. 
lodulla    oblongata,  with  the  corpora    quadriEemiif.     The   numbers   IV-Xff  indicate   the 
mperficial  origins  of  the  cranial  nerves,  while  those  (3-ti)  indicate  th«ir  deep  origin,  1.  e., 
the  poaitioa  of  their  central  nuclei;  I,  funiculus  teres. 

crod  of  the  cwxiaite  side  behind  the  iter,  it  pierces  the  crns  at  the  superior  and  external  border 
S-  S'7}-  ^^  nbres  cross  between  its  nucleus  and  its  distribution.  It  has  also  an  origin  from 
e  locn>  cocmleus.  The  root  of  the  nerve  receives  some  fibres  from  the  nucleus  of  the 
■duceiiB  of  the  opposite  side.  Fhysblogically,  there  is  a  necestit]'  for  a.  connection  between 
e  ccdUc  «nd  the  coriica  motor  centre  kir  the  eye  muscles. 

Function. — It  is  the  voluntary  motor  nerve  of  the  superior  oblique  muscle, 
n  co-ordinated  movements,  however,  it  is  involuntary.) 
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AnaatomoacB. — Its  connectioai  wiih  Ihe  [Jen 


Fig.  S»7. 
Put  of  the  baie  ol  the  brain,  with  the  orifios  of  the 
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csTOtidiu  iTiDpathid.  and  «ith  ikt  Gal 
btaach  of  tbe  tngemiMU,  hin  lit 
tame  ngaiGcance  u  Bimlu  tiadlB 
of  ibe  oculomoloriiu. 

Pathologic*!.  —  Panljiii  rf 
the  (rocblearis  oerre  cma  ■•«; 
iligbl  lota  of  ihe  mobiJilj  al  ik 
eyeball  oatvardi  and  dovnnnk 
There  is  slight  iquiiitini  mwvii 
and  upward*,  with  di^dopit  oi 
double  vision.  The  imagei  in 
placed  obliquely  orer  ach  aim 
[(he  false  image  beiag  (bi  Imo. 
and  directed  to  ibe  pilieai'i  Tfit 
when  the  left  eje  is  •flectol  lig. 
S15.  6)];  they  approacb  adi  aba 
when  the  head  is  iDmcd  tovaiii 
the  sound  side,  and  ire  Kjanled 
when  the  head  is  lunxd  lonnfc 
the  other  side.  The  palieM  «  6™  , 
direct*  hi*  head  fomudi,  Imb  ht  I 
nitates  it  ronod  a  TOlica]  sm  w-  ' 
wards  the  sound  >ide.  In  iMliiC 
hit  head  (wberebjr  ihe  maJ  tit 
Diay  retail!  the  priouuy  poilkol. 
the  eye  routes  with  it  Stnna  <^ 
the  trochleari*  caoses  iqnnuiit  M' 
wards  and  downwardi. 

347.  V.  NERVUS  TRIOB- 
MINUS.  — Anatoinical.-T1it 
trigeminui  (fig.  51S,  5)  aiitei  U'l 
spinal  nerve  hy  two  root*  (St 
517,  V).  The  smtlla,  aalHia,  1 
motor  root  proccedi  frtia  d« 
"motor  trigeminal  nndeai'  | 
(5),  which  is  provtHed  wilb  ■»» 
inulIipoUi  nerve  cells,  and  So  ii 
the  floor  of  the  medulla  oUaocA 
not  far  from  Ihe  middle  line  [f^- 
510).  Fibre*  connect  this  nwit" 
with  the  conical  motor  ctnaa  a 
the  opposite  side  of  the  o 
Beudes  thi*  the  "deai 
root "  also  supplies  motor  wa 
It  extends  laleiallj  from  the  ta- 
pora  qnadrigemina  sloog  the  iq» 
or  Sylvius  downwanii  In  ih! 
of  Ihe  nerve  (NenJ/,  f^\ 
The  la^e  poaterior  aenBory  iW 
receives  fibrei:  (1)  From  the  ml 
cells  of  the  "  aentoiy  trig entaal 
DUcleuB  "  which  lies  it  ihc  ie«i  f* 
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the  light  side,  but  removed  on  the  lefL     I',  olfactory 
tract  cut  tbort;  II,  left  optic  nerve;   II',  right  optic 
tract ;   Ti,  cut  surface  of  the  optic  left  thalamus ;  " 
central  lobe,  or  island  of  R«il;  .!(>'•  B'""'^  °f  Sylvii 
XX,  tbe  locus  perfoiatus  anticus;  ^,  the   external,  and 
t,  the  inlemal  corpus  geniculatum ;  i,  hypophysis  c< 
bn;  /i-,taberclnereum,witb  the  infundibulum  ;  ii,po 
to  one  of  tbe  corpora  albicantia ;   P,  the  cerebral  ped- 
uncle ;/,  (he  fillet ;   III,  left  oculomotor  nerve;   X,  the 
locus  perforatus  posticus;   FV,  pons  Varolii;  V,  the 

S eater  part  of  the  fifth  nerve  ;  +,  the  lesser  root  {on 
e  right  side  this  mark  is  placed  on  (he  Gasserian  gaog- 
lioD  and  points  to  the  lesser  root)  ;  >,  ophthalmic  divi- 
sioa  of  tbe  fifths  VII  a.  facial,  VII  i,  auditory;  VIII, 
vagus;  VIII  a,  glosso-pharyngeal ;  VIII  *,  spinal  ac-     ..  ^^ 
cesaory;  IX,  hypo-glossal ;  ^,  flocculus; /A,  horiionlal    — :„„.      (li'Somf 
fissure  of  the  cerebellum  (Cc);  am,  amygdala;  fia,  an_-     ^^^  cerebellum,  ihrough  the  awa 
cerebelli.     The  arigios  of  the  >» 
tory  root  anaslomoac  •  "^ 
nuclei  of  all  tbe  nem 


dibulum ;  u.points     "'■-'^""      T'.'""'.'!.!" 

'     il-j      the  pons,  and  11  the  . „ 

"'■*■■  posterior  horuoflbeEraymmaii 
Ihe  spinal  cord,  (i)  From  ibepi? 
!i  of  the  po«*iior  bom  irf  ^ 
.^.  J  cord,  downward*  at  fa" 
the  second  cervical  vtrtetaa.  Tb« 
fibres  run  into  ihe  pmterJoc  cob* 
of  the  cord  and  then  ippear  » i« 
"  aBcending  root"  in  tit  inp- 


spinal  cord;  CI,  Ihe  sub-occipital  01 
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the  medulla  oblongata,  with  the  exception  of  the  abducens.  This  explains  the  vast  number  of 
reflex  relations  of  the  fifth  nenre.  The  thick  trunk  appears  on  each  side  of  the  pons  (fig.  517), 
when  its  posterior  root  (perhaps  in  connection  with  some  fibres  fix>m  the  anterior)  forms  the  Qas- 
serian  ganglion,  upon  the  tip  of  the  petrous  part  of  the  temporal  bone  (fig.  518).  Fibres  from 
the  sympathetic  proceed  firom  the  plexus  cavemosus  to  the  ganglion.  The  nerve  divides  into 
three  large  branches. 

!•  The  ophthalmic  division  (fig.  518,  d)  receives  sympathetic  fihtts  (vaso- 
motor turves)  from  the  plexus  cavemosus ;  it  passes  through  the  superior  orbital 
fissureTsphenoidal]  into  the  orbit.     Its  branches  are  : — 

1.  The  small  recurrent  nerve  which  gives  sensory  branches  to  the  ten- 
torium cerebelli.  Fibres — the  vaso-motor  nerves  for  the  dura  mater — pro- 
ceed along  with  it  from  the  carotid  plexus  of  the  sympathetic. 

2.  The  lachrymal  nerve  gives  off — (a)  Sensory  branches  to  the  con- 
junctiva, the  upper  eyelid,  and  the  neighboring  part  of  the  skin  over  the  temple 
(fig.  518,  a) ;  {b)  true  sensory  fibres  to  the  lachrymal  gland  ^?).  Stimulation 
of  this  nerve  is  said  to  cause  a  secretion  of  tears,  while  its  section  prevents  the 
reflex  secretion  excited  through  the  sensory  nerves  of  the  eye.  After  a  time, 
section  of  the  nerve  is  followed  by  a  paralytic  secretion  of  tears  (^Herzenstein 
and  Wolferz)^  although  the  statement  is  contested  by  Reich.  The  secretion  of 
tears  may  be  excited  reflexly,  by  strong  stimulation  of  the  retina  by  light,  by 
stimulation  of  the  first  and  second  branches  of  the  trigeminus,  and  through  all 
the  sensory  cranial  nerves  (J^emtschenkd)  (§  356,  A,  6). 

3.  The  frontal  (/)  gives  off  the  supratrochlear,  which  supplies  sensory 
fibres  to  the  upper  eyelids,  brow,  glabella,  and  those  which  excite  the  secre- 
tion of  tears  reflexly;  and  by  its  supraorbital  branch  (^),  analogous 
branches  to  the  upper  eyelid,  skin  of  the  forehead,  and  the  adjoining  skin  over 
the  temple  as  far  as  the  vertex. 

4.  The  naso-ciliary  nerve  {nc)^  by  its  infratrochlear  branch  supplies 
fibres,  similar  to  those  of  3,  to  the  conjunctiva,  caruncula,  and  saccus  lacrimalis, 
the  upper  eyelid,  brow,  and  root  of  the  nose.  Its  ethmoidal  branch  supplies 
the  tip  and  alse  of  the  nose,  outside  and  inside,  with  sensory  branches,  as  well 
as  the  upper  part  of  the  septum  and  the  turbinated  bones  with  sensory  fibres, 
which  can  act  as  afferent  nerves  in  the  reflex  secretion  of  tears ;  while  it  is 
probable  that  vaso-motor  flbres  are  supplied  to  these  parts  through  the  same 
channel.  (These  fibres  may  be  derived  from  the  anastomosis  with  the  sympa- 
thetic (?).)  The  naso-ciliary  nerve  gives  off  the  long  root  (/)  of  the  ciliary 
ganglion  (^),  and  i  to  3  long  ciliary  nerves. 

The  ciliary  ganglion  (fig.  518,  ^),  which,  according  to  Schwalbe,  perhaps 
belongs  rather  to  the  third  than  the  fifth  nerve,  has  three  roots  — (a)  the 
short  or  oculomotor  ius  (3 — see  §  345) ;  (J>)  the  long  (/),  from  the  naso-ciliary; 
and  (0  the  sjrmpathetic  (J)  sometimes  united  with  ^,  from  the  carotid  plexus. 
The  short  ciliary  nerves  (/),  six  to  ten  in  number,  proceed  from  the  gan- 
glion, along  with  the  long  ciliary  nerves,  to  near  the  entrance  of  the  optic 
nerve,  where  they  perforate  the  sclerotic  coat  and  run  forwards  between  it  and 
the  choroid. 

Ciliary  Nerves. — Physiologically y  these  nerves  contain  : — 

1.  The  motor  fibres  for  the  sphincter  pupillse  and  the  tensor  cho- 
roidese  from  the  root  of  the  oculomotorius  (§  345,  2,  3). 

2.  Sensory  fibres  for  the  cornea,  which  are  distributed  as  excessively  fine 
fibrils  between  the  epithelium  of  the  conjunctiva  bulbi ;  they  perforate  the 
sclerotic.  These  fibres  cause  a  reflex  secretion  of  tears  (N.  lacrimalis)  and 
closure  of  the  eyelids  (N.  facialis).  Sensory  fibres  are  supplied  to  the  iris 
(pain  in  iritis  and  in  operations  on  the  iris),  the  choroid  (painful  tension  when 
the  ciliary  muscle  is  strained),  and  the  sclerotic. 

3.  Vaso-motor  nerves  for  the  blood-vessels  of  the  iris,  choroid,  and 


Fig.  51!. 
Senti-diBgniTi malic  reprtienlKtion  of  the  Dcrves  oftbe  eyeball,  the  connectiim  of  the  trigmiaB 
and  its  ganglia,  together  with  the  fscial  and  glosoo-pharTiiMal  nerres.  3.  Bnncb  W  lb 
inferior  oblique  muscle  from  the  oculomotorius,  with  tbe  thick  ihoit  root,  to  the  dliMij  gu- 
gljon  (c) ;  I,  ciliary  nerres ;  /,  long  root  to  the  ganglion  from  the  oaso-dliaiy  (nc) :  t.  ifB>- 
pathetJc  root  from  the  ajinpathetlc  pleitu  {Sy)  surrounding  thi  internal  carotid  (G) ;  d,  fat 
or  ophthalmic  diviuon  of  the  trigeminus  (5),  with  the  nuo-citiaiy  (i>f),  and  u*  lenM>l 
branches  of  the  lachi^tnal  (a),  su[mi  orbital  (j),  and  frontal  (/) ;  t,  second  or  aipBicr 
Duxillarj  division  of  the  trigeminus ;  R,  infra-orbital ;  tt,  spbeno-paUtine  (MeckeTi)  guf 
lioD  with  its  roots ;  j,  from  the  facial,  and  v,  from  the  ijmpathetic ;  N,  tbe  oasil  fanacke^ 
and^,,  the  palatine  branches  of  the  ganglion  ;  g,  third  or  inferior  maiillaty  divbioii  rfikr 
trigeminus;  k,  lingual;  i i,  chorda  tympani ;  «,  olic  ganglioo,  with  the  roots  bm  ibc 
Ijrmpanic  plexus,  the  carotid  pleins,  and  from  tht  3d  bruich,  aad  wkh  its  brmadKi  H  At 
auriculo-tempoial  (A),  and  to  the  chorda  (1  ■') ;  L,  sub-maxiliarj'  ganglion  with  its  nm 
from  the  tympanico-lingual,  and  tbe  sympathetic  plexus  on  the  external  ailerr  (f).  r 
Facial  ncTTc — j,  its  great  superficial  petrosal  branch ;  a,  gang-  genicalatum ;  ^,  bnnci  v> 
the  tympanic  plexus ;  y,  branch  to  the  dapedius  ;  d,  inutomOtK  twig  to  the  aaricalv  tnach 
of  the  vagui;  i  ■',  chorda  tympani ;  S,  stylo-mastoid  foiamoi.  9.  Glo»o-ph«i j  agsil  — i. 
its  tympanic  branch  ;  ir  and  e,  conneclioni  with  the  facial ;  U,  lenniDalioits  of  tbe  giMKry 
Gbrei  of  9  in  the  circumTallatc  papiilEe;  Sy,  sympathetic  with  G g,  i,  the  soperior  csrtcai 
ganglicHi ;  I,  II,  III,  IV,  the  four  upper  cervical  nerrei;  P,  parotid,  M,  sob-maaBBT 


r 
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retina.  They  arise  in  part  from  the  sympathetic  root,  and  the  anastomosis 
of  the  sympathetic  with  the  ophthalmic  division  of  the  trigeminus  (  JVegner), 
The  iris  and  retina  receive  most  of  their  vaso-motor  nerves  from  the  trigeminus 
itself  {^Rogow\  and  few  from  the  sympathetic ;.  according  to  Klein  and  Svetlin, 
the  retinal  vessels  are  not  influenced  either  by  stimulation  or  division  of  the 
sympathetic. 

4.  Motor  fibres  for  the  dilator  pupillse,  which  for  the  most  part  are  de- 
rived from  the  sympathetic  (^Petit,  1727),  through  the  sympathetic  root  of  the 
ganglion  and  the  anastomosis  of  the  sympathetic  with  the  trigeminus  (^Balogh^ 
Oehl).  Some  observers  deny  altogether  the  existence  of  a  dilator  pupillae 
muscle  (§  384).  The  ophthalmic  division  contains  independent  fibres  for  the 
dilatation  of  the  pupil  {Schiff),  which  arise  in  the  medulla  oblongata  and  pro- 
ceed directly  into  the  ophthalmic  (?  or  arise  from  the  Gasserian  ganglion —  Oehl), 

It  is  not  conclusively  determined  whether  in  man  dilator  fibres  also  proceed  through  the  sym- 
pathetic root  of  the  ciliary  ganglion,  and  reach  the  iris  through  the  ciliary  nerves.  In  the  dog 
and  cat  these  fibres  do  not  pass  through  the  ciliary  ganglion,  but  go  directly  along  the  optic 
nenre  to  the  eye  {^Hensen  and  Vdlckers)  through  the  Gasserian  ganglion,  to  its  ophthalmic 
branch  and  through  the  long  ciliary  nerves  {Jegorow).  In  birds,  the  dilator  fibres  run  only  in 
the  fifth  (Zeglinski),    For  the  centre  ({  367,  8). 

After  section  of  the  trigeminus  the  pupil  becomes  contracted  after  a 
short  period  of  dilatation  (rabbit,  frog),  but  this  effect  is  not  permanent.  After 
excision  of  the  superior  cervical  ganglion  of  the  sympathetic,  the  power  of 
dilatation  of  the  pupil  is  not  completely  abolished.  The  narrowing  of  the 
pupil  which  follows  section  of  the  trigeminus  in  the  rabbit,  and  which  rarely 
lasts  more  than  half  an  hour,  may  be  regarded  as  due  to  a  reflex  stimulation  of 
the  oculomotorius  fibres  of  the  sphincter,  in  consequence  of  the  painful  stimu- 
lation caused  by  section  of  the  trigeminus. 

Stimulation  of  the  Cervical  Sympathetic. — Either  in  the  neck,  or  in  its  course  to  the  eye, 
when  the  peripheral  end  of  the  cervical  sympathetic  is  stimulated,  besides  causing  constriction 
on  the  blood-vessels  on  that  side  of  the  head,  there  is  dilatation  of  the  pupil^  as  well  as  contrac- 
tion of  the  smooth  muscular  fibres  in  the  orbit  and  eyelids.     The  membrana  orbitalis,  which 
separates  the  orbit  from  the  temporal  fossa  in  animals,  contains  numerous  smooth  muscular 
fibres  (muscular  orbitalis).    The  corresponding  membrane  of  the  inferior  orbital  fissure  [spheno- 
maxillary fissure]  in  man  has  a  layer  of  smooth  muscle,  one  millimetre  thick,  and  arranged  for 
the  most  part  longitudinally.     Both  eyelids  contain  smooth  muscular  fibres  which  serve  to  close 
them ;  in  the  upper  lid  they  lie  as  if  they  were  a  continuation  of  the  levator  palpebrae  supenons, 
in  the  lower  lid  they  lie  close  under  the  conjunctiva.     Tenants  capsule  also  contains  smooth 
mnscular  fibres.    The  sympathetic  nerve  supplies  all  these  muscles  {Heinr,  Afiiller)^ {the  orbital 
ttiuscle  is  partly  supplied  from  the  spheno-palatine  ganglion) ;  in  animals,  the  retractor  of  the 
third  eyelid  at  the  inner  angle  of  the  eye  is  similarly  supplied.     Hence,  stimulation  of  the  sym- 
pathetic causes  dilatation  of  the  pupil  and  of  the  palpebral  fissure,  with  protrusion  of  the  eyebaO. 
This  result  may  be  caused  refiexly  by  strong  stimulation  of  sensory  nerves.     Strong  stimulation 
of  the  nerves  of  the  sexual  organs  is  followed  by  similar  phenomena  in  the  eye.     Ine  dilatation 
of  the  pupil,  which  occurs  in  children  affected  with  intestinal  worms,  is  perhaps  an  analogous 
phenomenon.     The  pupil  is  dilated  when  the  spinal  cord  is  stimulated  (at  the  origin  of  the  sym- 
pathetic), as  in  tetanus. 

Section  of  the  cervical  sympathetic,  besides  other  effects,  notably  those  on  the  blood- 
Tessels  on  that  side  of  the  head  and  face  (6g.  532),  causes  narrowing  of  the  fissure  between  the 
eyelids,  the  eyeball  sinks  in  its  socket  (and  in  animals,  the  third  eyelid  is  relaxed  and  pro- 
truded). In  dogs,  section  causes  internal  squint,  as  the  external  rectus  receives  some  motor 
fibres  from  the  sympathetic.    (Origin  of  these  fibres  from  the  cilio-spinal  region.    Spinal  Cord^ 

5.  It  is  probable  that  trophic  fibres  occur  in  the  trigeminus,  and  pass 
through  the  ciliary  nerves  to  reach  the  eye.  If  the  trigeminus  be  divided 
within  the  cranium,  after  six  to  eight  days,  inflammation,  necrosis  of  the 
cornea,  and  ultimately  complete  destruction  of  the  eyeball  take  place,  con- 
stituting panophthalmia  (i^^//^ra,  1823;  Magendie). 
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Trophic  Fibres  in  the  fifth  nerve. — In  weighing  the  evidence  for  and  against  the  exiit- 
ence  of  trophic  fibres,  we  must  bear  in  mind  the  following  considerations:  x.  Section  of  the 
trigeminus  makes  the  whole  eye  insensible;  the  animal  is  therefore  unconscious  of  direct 
injury  to  its  eye,  and  cannot  therefore  remove  any  offending  body.     Dust  or  mucos,  which  maT 
adhere  to  the  eye,  is  no  longer  removed  by  the  reflex  closing  of  the  eyelids ;  while,  owing  to  tbe 
absence  of  the  reflex,  the  eye  is  more  open  and  is  therefore  subject  to  more  injuries;  theie6sx 
secretion  of  tears  is  also  arrested.     Snellen  (1857)  fixed  the  ear  of  a  rabbit  in  front  of  its  eje  so 
as  to  protect  the  latter  and  shield  it  from  injuries,  and  he  found  that  the  inflammation  and  otbe 
events  occurred  at  a  later  date,  while,  according  to  Meissner  and  Biittner,  if  the  eye  be  protected 
by  means  of  a  complete  capsule,  the  inflammation  does  not  occur  at  all.    There  can  be  no  &»fct 
that  the  loss  of  the  sensibility  of  the  eye  favors  the  occurrence  of  inflammation.     Bat  MeiaEoer, 
Biittner,  and  Schiff  observed  that  inflammation  of  the  eye  occurred  when  the  trophic  (aott 
internal)  fibres  alone  were  divided,  the  eye  at  the  same  time  retaining  its  sensibility;  this  vosid 
seem  to  indicate  the  existence  of  trophic  fibres,  but  Cohnheim  and  SenfUeben  dispute  the  st^e- 
ment.     Conversely,  the  sensibility  of  the  eye  may  be  abolished  by  partial  section  of  the  nene, 
yet  the  eye  does  not  become  inflamed  {Sehiff).     Ranvier,  who  denies  the  existence  of  trophic 
nerves,  made  a  circular  incision  round  tne  margin  of  the  cornea  through  its  super6dal  lajen,» 
as  to  divide  all  the  corneal  nerves.     Insensibility  of  the  cornea  was  thereby  produced,  bat  neret 
keratitis.     Further,  in  man  and  animals,  when  they  are  unable  to  close  their  eyelids,  there  is  red- 
ness with  secretion  of  tears,  or  slight  dryness  and  opacity  of  the  surface  of  the  eyeball  (xerosis), 
hut  never  the  inflammation  already  described  (Samuei),     a.  We  must  also  take  into  coosiden- 
tion  the  following :  Section  of  the  trigeminus  paralyzes  the  vaso-motor  nerves  in  the  interior  of 
the  eyeball,  which  must  undoubtedly  cause  a  disturbance  in  the  intraocular  drculation.    Accord- 
ing to  Jesner  and  Griinhagen,  the  trigeminus  also  contains  vaso-dilaior fibres^  whose  sttmaknot 
is  followed  by  increased  flow  of  blood  to  the  eye,  with  consecutive  excretion  of  the  fibrin-frcton 
and  increase  in  the  amount  of  albumin  of  the  aqueous  humor.     3.  After  section  of  the  nerve,  the 
intraocular  tension  is  diminished  (while  stimulation  of  the  nerve  is  followed  by  increase  of 
the  intraocular  pressure  {Hippe/l,  GrUnhagen).     This  diminution  of  the  normal  tension  neces^ 
sarily  must  alter  the  normal  relation  of  the  filling  of  the  blood-  and  lymph- vessels,  and  also  tbe 
movement  of  the  fluids,  upon  which  the  normal  nutrition  is  largely  dependent.     4.  Kobie 
observed  that  stimulation  of  the  corneal  nerves  was  followed  by  contraction  of  the  so-ca^ 
corneal  corpuscles.   Perhaps  the  movements  of  these  corpuscles  may  influence  the  normal  iDOTe> 
ment  of  the  lymph  in  the  canalicular  system  of  the  cornea  ({  384) ;  these  movements,  Iraweref, 
would  seem  to  dei>end  upon  the  nervous  system,  so  that  its  destruction  is  likely  to  prodnce  &r 
turbance  of  nutrition. 

[There  are  three  conditions  on  which  the  changes  may  depend — (i)  mere  loss  of  sen^bSly. 
which  alone  is  not  sufiicient  to  explain  the  phenomena;  (2)  vaso-motor  disturbance,  wiiicb  ii 
excluded  by  the  above  facts,  and  also  by  the  other  consideration  that,  if  the  fifth  nerve  be 
divided  and  the  superior  cervical  ganglion  excised  simultaneously,  ophthalmia  does  not  occar, 
and,  in  fact,  excision  of  this  sym[)athetic  ganglion  may  modify  the  results  of  section  of  the  6ik 
(Sinitxin).  Thus,  we  are  forced  to  (3)  the  theory  of  trophic  fiores,  whose  centre  is  tbe  Gaemsim 
ganglion-.] 

Pathological. — In  cases  of  anaesthesia  of  the  trigeminus  in  man,  and,  more  rarely,  in  sereit 
irritation  of  this  nerve,  inflammation  of  the  conjunctiva,  ulceration  and  perforation  of  the  cones, 
and  finally  panophthalmia,  have  been  observed  {Charles  Bell).  This  condition  has  been  cdkd 
ophthalmia  neuroparalytica.  Samuel  found  that  a  similar  result  was  prodoced  by  eJectrkal 
stimulation  of  the  Gasserian  ganglion  in  animals. 

There  are  other  affections  of  the  eye  depending  upon  disease  of  the  vaso-motor  ncfvcs, 
which  are  quite  different  from  the  foregoing,  as  they  never  lead  to  d^enerative  changes^  Sack 
is  ophthalmia  intermittens  (due  to  malaria),  a  unilateral,  intermittent,  excessive  filling  of  tbe 
blood-vessels  of  the  eye,  accompanied  by  the  secretion  of  tears,  photophobia,  often  accompfisd 
by  iritis  and  effusion  of  pus  into  the  chambers  of  the  eye.  This  condition  is  regarded  by  Eaka- 
burg  as  a  vaso-neurotic  affection  of  the  ocular  blood-vessels.  Pathological  observatioos,  as  veQ 
as  experiments  upon  animals,  have  shown  that  there  is  an  intimate  physiological  cooaectiai 
between  the  vascular  areas  of  both  eyes,  so  that  affections  of  the  vascular  area  of  one  eye  ae 
ai>t  to  induce  similar  disturbances  of  the  opposite  eye.  This  serves  to  explain  the  fact  tbt 
inflammatory  processes  in  the  interior  of  one  eyeball  are  apt  to  produce  a  similar  coodkioa  m 
the  other  eye.  This  is  the  so-called  "  sympathetic  ophthalmia."  Thus,  stimalatioo  of  tbe 
ciliary  nerves,  or  the  fifth  on  one  side  causes  dilatation  of  the  blood-vessels  not  only  on  its  ova 
side  but  also  on  the  other  side  as  well  {Jesner  and  GrUnkagen).  The  pathological  coo^tioDof 
glaucoma  simplex,  where  the  intraocular  tension  is  greatly  increased,  is  ascrit>ed  hf  Doaders 
to  irritation  of  the  trigeminus.  [Increased  intraocular  tension  may  be  produced  by' irrttaciao  oc 
the  secretory  fibres  contained  in  the  fifth  nerve  {Donders)^  by  stimulating  the  nncleiis  of  tbe 
trigeminus  in  the  medulla  oblongata  {Hippell  and  GrUnhagen\  and  also  reflexly  by  ixriotKaaf 
the  p>eripheral  branches  of  the  fifth,  as  by  nicotin  placed  in  the  eye.     It  is  possible,  however. 
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that  some  forms  of  glaucoma  are  produced  by  diminished  removal  of  the  aqueous  humor  from 
the  eye.]  Unilateral  secretion  of  tears,  due  to  irritation  of  the  ophthalmic  division  of  the  fifth, 
has  l>een  repeatedly  observed,  but  unilateral  cessation  of  tears,  due  to  paralytic  conditions,  very 
rarely. 

!!•  Superior  Maxillary  Division  (fig.  518,  i). — It  gives  off— 

1.  The  delicate  recurrent  nerve,  a  sensory  branch  to  the  dura  mater, 
which  accompanies  the  vaso-motor  nerves,  derived  from  the  superior  cervical 
ganglion  of  the  sympathetic,  and  is  distributed  to  the  area  of  the  middle 
meningeal  artery. 

2.  The  subcutaneous  malar  or  orbital  {0)  supplies  by  its  temporal  and 
orbital  branches  sensibility  to  the  lateral  angle  of  the  eye  and  the  adjoining 
area  of  skin  of  the  temple  and  cheek.  Certain  fibres  are  said  to  be  the  true 
secretory  nerves  for  tears.     Compare  N.  lacrimalis,  p.  745. 

3.  The  dental,  anterior,  posterior,  and  median,  and  with  them  the  anterior 
fibres  from  the  infraorbital  nerve,  supply  sensory  fibres  to  the  teeth  in  the 
upper  jaw,  the  gum,  periosteum,  and  the  cavities  of  the  jaw  (p.  746).  The 
vaso-motor  nerves  of  all  these  parts  are  supplied  from  the  upper  cervical  gang- 
lion of  the  sympathetic. 

4.  The  infraorbital  (R),  afler  its  exit  from  the  infraorbital  foramen,  supplies 
sensory  nerves  to  the  lower  eyelid,  the  bridge  and  sides  of  the  nose,  and  the 
upper  lip  as  far  as  the  angle  of  the  mouth.  The  accompanying  artery  receives 
its  vaso-motor  fibres  from  the  superior  cervical  ganglion  of  the  sympathetic. 
For  the  sweat-secreting  fibres  which  occur  in  it  (pig)  see  §  288. 

The  spheno-palatine  ganglion  (Meckel's — n)  forms  connections  with 
the  second  division.  To  it  pass  two  short  sensory  root-fibres  from  the  second 
division  itself,  which  are  called  spheno palatine.  Motor  fibres  enter  the  gang- 
lion  from  behind,  through  the  large  superficial  petrosal  branch  of  the  facial 
{j)\  and  gray  vaso-motor  fibres  fr/)  from  the  sympathetic  plexus  on  the 
carotid  (the  deep  large  petrosal  nerve).  The  motor  and  vaso-motor  fibres 
from  the  Vidian  nerve,  which  reach  the  ganglion  through  the  canal  of  the 
same  name. 

Branches  of  Meckel's  Ganglion. — (i)  The  sensory  fibres  (N)  which 
supply  the  roof,  lateral  walls,  and  septum  of  the  nose  (posterior  and  superior 
nasal) ;  the  terminal  fibres  of  the  naso-palatine  pass  through  the  canalis  incisivus 
to  the  hard  palate,  behind  the  incisor  teeth.    The  sensory  inferior  and  posterior 
nasals  for  the  lower  and  middle  turbinated  bones,  and  both  lower  nasal  ducts, 
are  derived  from  the  anterior  palatine  branch  of  the  ganglion,  which  descends 
in  the  palato-maxillary  canal.     Lastly,  the  sensory  branches  for  the  hard  (/) 
and  soft  palate  (/i)  and  the  tonsils  arise  from  (he  posterior  palatine  nerve.    All 
the  sensory  fibres  of  the  nose  (see  also  the  Ethmoidal  nerve) ^  when  stimulated, 
cause  the  reflex  act  of  sneezing  (§  120).     Preparatory  to  the  act  of  sneezing, 
there  is  always  a  peculiar  feeling  of  tickling  in  the  nose,  which  is  perhaps  due 
to  dilatation  of  the  nasal  blood-vessels.     This  dilatation  is  rapidly  caused  by 
cold,  more  especially  when  it  is  applied  directly  to  the  skin.     The  dilatation  of 
the  vessels  is  followed  by  an  increased  secretion  of  watery  fiuid  from  the  nasal 
mucous  membrane.     Stimulation  of  the  nasal  nerves  also  causes  a  reflex  secre- 
tion of  tears,  and  it  may  also  cause  stand-still  of  the  respiratory  movements 
in  the  expiratory  phase  {Hering  and  Kratschmer) — (compare  Respiratory  cen- 
tre^  %  368).     (2)  The  motor  branches  descend  in  the  posterior  palatine 
nerve  through  the  small  palatine  canal,  and  give  off  (A)  motor  branches  to  the 
elevator  of  the  soft  palate  and  azygos  uvulae  {Nuhn),     [Beevor  and  Horsley 
find  that  in  the  monkey  the  levator  palati  is  not  supplied  from  the  facial  nerve 
tn'd   the  superficial  petrosal  nerve,  for  stimulation  of  the  seventh  nerve  at  its 
orig^in  does  not  cause  any  movement  in  the  palate.     They  suggest  that  this 
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muscle  is  supplied  by  the  spinal  accessory  nerve,  perhaps  through  the  upper 
branches  of  the  pharyngeal  plexus.]  The  sensory  fibres  for  these  muscles  are 
supplied  by  the  trigeminus.  According  to  Politzer,  spasmodic  contraction  of 
these  muscles  occasionally  causes  crackling  noises  in  the  ears.  (3)  The  vaso- 
motor nerves  of  this  entire  area  arise  from  the  sympathetic  root,  /.  ^.,  from  the 
upper  cervical  ganglion.  (4)  The  root  of  the  trigeminus  supplies  the  secretory 
nerves  of  the  mucous  glands  of  the  nasal  mucous  membrane.  StimuladoD 
excites  secretion,  while  section  of  the  trigeminus  diminishes  it  with  simalla- 
neous  atrophic  degeneration  of  the  mucous  membrane.  Thus,  trophic  fboc* 
tions  for  the  mucosa  have  been  ascribed  to  the  trigeminus  (^Aschenbrandi), 


Stimulation  of  the  Ganglion. — Feeble  elecUical  stimulation  of  the  exposed  ganglioD 
a  copious  secretion  of  mucus  and  an  increase  of  the  temperature  in  the  nose  f /V^ai/),widi  dik- 
tion  of  the  vessels  (Aschenbrandi),  [Meckel's  ganglion  has  been  excised  in  certain  casoof 
neuralgia  ( Walshamy] 

III.  Inferior  Maxillary  (g). — It  contains  all  the  motor  fibres  of  the 
fifth,  along  with  a  number  of  sensory  fibres ;  it  gives  off — 

1.  The  recurrent,  which  springs  by  itself  from  the  sensory  root,  enters  the 
skull  through  the  foramen  spinosum,  and  along  with  the  nerve  of  the  same 
name  from  the  II  division,  supplies  sensory  fibres  to  the  dura  mater.  Fibres 
proceed  from  it  through  the  petroso-squamosal  fissure  to  the  mucous  membnac 
of  the  cells  of  the  mastoid  process. 

2.  Motor  fibres  for  the  muscles  of  mastication,  viz.,  the  masseteric,  the 
two  deep  temporal  nerves,  and  the  internal  and  external  pterygoid  nerves. 
The  sensory  fibres  for  the  muscles  are  supplied  by  the  sensory  fibres. 

3.  The  buccinator  is  a  sensory  nerve  for  the  mucous  membrane  of  tk 
cheek,  and  the  angle  of  the  mouth  as  far  as  the  lips. 

According  to  Jolyet  and  LafTont,  it  contains,  in  addition,  Taso-motor  fibres  for  the  bncob 
membrane  of  the  cheek,  lower  lip,  and  their  mucous  glands ;  but  these  fibres  aie  proixNy 
derived  from  the  sympathetic. 

Trophic  Fibres. — As  this  region  of  the  mucous  membrane  of  the  mouth  ulcerates  after  lec- 
tion of  the  trigeminus,  some  have  supposed  that  the  buccinator  nerve  contains  trophic  fibres. 
But,  as  Rollett  pointed  out,  section  of  the  inferior  maxillary  nerve  paralyzes  the  musdei  of  ■■> 
tication  on  the  same  side,  and  hence  the  teeth  do  not  act  vertically  upon  each  other,  bal  pRS 
against  the  cheek.  Owing  to  the  loss  of  the  sensibility  of  the  mouth,  food  passes  betweo  tk 
gum  and  the  cheek,  where  it  may  remain  attached,  undergo  decomposition,  and  perhaps  cksi 
cally  irritate  the  mucous  membrane.  At  a  later  stage,  owing  to  the  wearing  away  of  the  teak 
in  an  oblique  manner,  ulcers  begin  to  form  on  the  sound  side.  Hence,  there  is  no  oecessitj  if 
assuming  the  existence  of  trophic  fibres  in  this  nerve.  After  section  of  the  trigeminus,  the  wl 
mucous  membrane  on  the  same  side  becomes  red  and  congested.  This  is  due  to  the  btX  tte 
dust  or  mucus,  not  being  removed  from  the  nose  by  the  usual  reflex  acts,  remains  there,  initsta, 
and  ultimately  causes  inflammation. 

4.  The  lingual  nerve  {k)  receives  at  an  acute  angle  the  chorda  tyiaptiu 
(/  /),  a  branch  of  the  facial  coming  from  the  tympanic  cavity.  The  lingoal 
does  not  contain  any  motor  fibres ;  it  is  the  sensory  and  tactile  nerve  of 
the  anterior  two-thirds  of  the  tongue,  of  the  anterior  palatine  arch,  the  tonsil 
and  the  floor  of  the  mouth.  These,  as  well  as  all  the  other  sensory  fibres  of  the 
mouth,  when  stimulated,  cause  a  reflex  secretion  of  saliva  (compare  §  145"^ 
The  lingual  is  accompanied  by  the  nerve  of  taste  (chorda)  for  the  tip  and  mar- 
gins of  the  tongue  (/.  ^.,  the  parts  not  supplied  by  the  glosso-pharyngeal).  Aft€T 
section  of  the  lingual  nerve  in  man,  Busch,  Inzani,  and  Lusanna  found  that  the 
tactile  sensibility  was  lost  in  the  half  of  the  tongue,  and  there  was  loss  of  taste 
in  the  anterior  part  [two-thirds]  of  the  tongue.  The  fibres  which  administeT 
to  the  sense  of  taste  do  not  as  a  rule  belong  to  the  lingual  itself,  bat  are  de* 
rived  from  the  chorda  tympani  (p.  755).  According  to  Schiff,  the  lingua) 
nerve  is  the  gustatory  nerve,  and  some  cases  of  Erb  and  Senator  support  this 
view.     Such  cases,  however,  seem  to  be  exceptions  to  the  general  role.    The 
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lingual  nerve  in  the  substance  of  the  tongue  is  provided  with  small  ganglia 
{^Remak,  Stirling).  Schiff  observed  that  section  of  the  lingual  (and  also  of  the 
hypoglossal)  causes  redness  of  the  tongue,  so  that  vaso-motor  fibres  are  present 
in  its  course.  It  is  unknown*  whether  these  are  derived  from  the  anastomoses 
of  the  Gasserian  ganglion  with  the  sympathetic.  The  lingual  appears  to  receive 
vaso- dilator  fibres  from  the  chorda  for  the  tongue  and  gum  (§  349). 

After  section  of  the  trigeminus,  animals  frequently  bite  their  tongue,  as  they  cannot  feel  the 
position  and  movement  of  this  organ  in  the  mouth. 

5.  The  inferior  dental  is  the  sensory  branch  to  the  teeth  and  gum  of 
the  lower  jaw ;  the  vaso-motor  fibres  reach  it  from  the  superior  cervical  gang- 
lion. Before  it  passes  into  the  canal  in  the  lower  jaw,  it  gives  off  the  mylo- 
hyoid nerve,  which  supplies  motor  fibres  to  the  mylo-hyoid  and  the  anterior 
belly  of  the  digastric,  and  also  some  fibres  to  the  triangularis  menti  and  the 
platysma ;  the  muscular  sensory  nerves  also  lie  in  these  branches.  The 
mental  nerve,  which  issues  from  the  mental  foramen,  is  the  sensory  nerve  for 
the  chin,  lower  lip,  and  the  skin  at  the  margin  of  the  jaw. 

6.  The  auriculo-temporal  gives  sensory  branches  to  the  anterior  wall 
of  the  external  auditory  meatus,  the  tympanic  membrane,  the  anterior  part  of 
the  ear,  the  adjoining  region  of  the  temple,  and  to  the  maxillary  articulation. 

Fig.  519  shows  the  distribution  of  the  branches  of  the  trigeminus  on  the  head,  and  the  cer- 
vical nerves,  so  that  the  distribution  of  anaesthetic  and  hypersesthetic  areas  may  easily  be  made 
oat 

The  otic  ganglion  (ni)  lies  beneath  the  foramen  ovale  on  the  inner  side  of  the 
third  division.  Its  roots  are — (i)  short  motor  fibres  from  the  third  divi- 
sion ;  (2)  vaso-motor  from  the  plexus  around  the  middle  meningeal  artery 
(ultimately  derived  from  the  cervical  ganglion  of  the  sympathetic) ;  (3)  fibres  (X) 
run  from  the  tympanic  branch  of  the  glosso-pharyngeal  to  the  tympanic  plexus, 
and  from  thence  through  the  canaliculus  petrosus  in  the  small  superficial  petrosal 
in  the  cranium,  then  through  a  small  canal  between  the  apex  of  the  petrous 
bone  and  the  sphenoid  to  reach  the  otic  ganglion.  Tlirough  the  chorda  tympani 
the  facial  nerve  is  constantly  connected  with  the  ganglion  (fig.  519). 

The  branches  of  the  otic  ganglion  are — (i)  motor  twigs  for  the  tensor 
tympani  smd  tensor  of  the  soft  palate  (these  fibres  are  mixed  with  muscular 
sensory  fibres — Ludwig  and  Folitzer)  \  (2)  one  or  more  branches  connecting 
the  ganglion  with  the  auriculo-temporal  are  carried  by  the  roots  2  and  3  from 
the  sympathetic  and  glosso-pharyngeal,  which  the  auriculo-temporal  nerve  (A), 
as  it  passes  through  the  parotid  gland  (P),  gives  off  to  the  gland.  These  are  the 
secretory  fibres  for  the  parotid;  their  functions  are  stated  in  §  145. 

Section  of  the  trigeminus  is  followed  by  inflammatory  changes  in  the  tympanic  cavity 
(rabbit^ ;  the  degree  of  inflammation  varies  much  (Berthold  and  GrUnhagen).  Section  of  the 
sympAtnetic  or  glosso-pharyngeal  has  no  effect. 

The  sub-maxillary  ganglion  (fig.  518,  L)  lies  close  to  the  convex  arch  of 
the  tympanico-hngual  nerve  and  the  excretory  duct  of  the  sub-maxillary  gland 
(M)  [in  what  Langley  has  called  the  chorda- lingual  triangle"].  Its  roots  are — 
(i)  branches  of  the  chorda  tympani,  /  /,  which  undergo  fatty  degeneration 
after  section  of  the  facial  nerve.  This  root  supplies  secretory  fibres  to  the 
sub-maxillary  and  sub-lingual  glands,  but  it  also  supplies  vaso-dilator  fibres 
for  the  blood-vessels  of  the  same  glands  (§  145).  In  addition,  fibres  are  sup- 
plied to  the  smooth  muscular  fibres  in  Wharton's  duct.  All  the  fibres  of  the 
chorda  do  not  pass  into  the  gland ;  some  pass  along  with  the  lingual  nerve 
into  the  tongue  (see  Chorda,  under  Facial  Nerve),  (2)  The  sympathetic 
root  of  the  ganglion  arises  from  the  plexus  around  the  submental  branch  of 
the   external  maxillary  artery  (^),  /.  ^.,  ultimately  from  the  superior  cervical 
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ganglion ;  it  passes  to  the  gland,  and  contains  secretory  fibres,  whoK  sCima- 
lation  is  followed  by  the  secretion  of  thick  concentrated  saliva  (trophic  nem 
of  ihe  gland  (?)  ).  It  also  carries  the  vaso-constrictor  nerves  to  the  gland 
(§  144).  C3)  i"lic  Bensory  root  springs  from  the  lingual.  Some  of  the  fibca, 
after  passing  through  the  ganglion,  supply  the  gland  and  its  excretory  docis, 
while  a  few  issue  from  the  ganglion,  and  again  join  the  tympanico -lingual  sent 
to  reach  the  tongue. 


Fig,  519. 
IHstribatioD  of  the  lensory  Dcrva  on  Ihe  hf4  u  well  as  the  posHion  of  the  motor  poie  m 
the  neck.     SO,  srea  of  diftribntion  of  the  lupractbital  nerre;   ST,  tapntncUor;  fT,    . 

infttttTOchlear ;   £,  lacbiymal ;   jV,  ethnKndal :   10,  infilaorbital ;    "  '^-  -- ru-*- 

cutaneous  malse;  .47~,  nnriculo-teniporiil  1  .^^, great  auricular;  O/nj, 
leuer  occipitRl ;    C,,  three  cervical  nerrei ;    CS,  cutaneous  brauche*  ol 
C,  (V,  region  of  the  central  convolutioni  of  the  brain;   SC,  regioo  of  the  ^ 
(third  left  (rootil  conToluiion). 

[Action  of  Nicotin. — In  the  dog  and  cat  Langley  has  shown  thit  tta 
ganglion  which  is  called  the  "  sub- maxillary  ganglion  '"  in  these  animals  shooU 
more  properiy  be  called  the  sub-lingual  ganglion,  as  the  chorda  tympaci  lus 
no  connection  with  the  nerve-cella  of  the  so-called  sub-maxillary  ganglioo.  ** 
that  this  ganglion,  together  with  nerve-cells  lying  near  it  between  the  chMti*- 
lingual  nerve  and  Wharton's  duct,  and  also  some  cells  lying  outside  the  hihaa 
of  the  sub-maxillary  gland,  are  for  the  greater  part  in  the  course  of  uerrefitao 
to  the  sub-lingua!  gland.     The  real  sub-maxillary  ganglion  lies  in  the  hihm  "f 
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the  corresponding  gland.  The  sympathetic  fibres  which  pass  along  the  facial 
artery  include  some — chiefly  fine — medullated  nerve-fibres,  but  the  sympathetic 
nerve-fibres  are  not  connected  with  the  nerve-cells  which  occur  in  the  course 
of  the  chorda  tympani ;  they  run  along  the  artery  of  the  gland  to  the  ganglion 
at  the  hilum  of  the  sub-maxillary  gland.] 

[Ex[>erimental  evidence  supports  the  above  coDclusions,  based  on  histological  examination,  for 
stimulation  of  the  chorda- lingual  and  "  sub-maxillary  ganglion  '*  afier  section  of  the  chorda  near 
the  lingual  does  not  cause  secretion,  at  least  to  any  extent,  from  the  sub-maxillary  gland,  but  it 
causes  slight  secretion  from  the  sub-lingual  gland.  The  action  of  nicotin  also  conBnm  the  above 
statements.  Nicotin  paralyzes  the  nerve-cells  of  various  sympathetic  ganglia  without  paralyzing 
the  peripheral  ends  of  the  nerve-fibres  iLangley  and  Dickinson). 

If  nicotin  be  injected  into  the  vein  of  a  dog,  stimulation  of  the  chorda* lingual  nerve  causes  no 
secretion  either  in  the  sub-lingual  or  sub-maxillary  gland,  but  if  the  hilum  of  the  sub- maxillary 
gland  be  stimulated,  secretion  takes  place,  because  the  fibres  issuing  from  the  sub-maxillary 
hilum  ganglion  are  excited.] 

[After  the  local  application  of  nicotin  to  the  *' sub- maxillary  ganglion  "  and  the  adjacent  gang- 
lionic cells,  stimulation  of  the  chord  a- lingual  nerve  causes  a  secretion  in  the  sub-maxillary  gland, 
but  none  in  the  sub-lingual ;  while  the  local  application  of  nicotin  to  the  sub-maxillary  hilum 
ganglion  prevents  the  sub-maxillary  secretion  which,  under  ordinary  circumstances,  results  from 
stimulation  of  the  chorda- lingual  nerve  or  chorda  tympani.  But  nicotin  thus  applied  does  not 
affect  the  secretion  obtained  from  the  sub-maxillary  gland  after  stimulation  of  the  sympathetic 
fibres,  so  that  the  secretory  fibres  of  the  sympathetic  are  not  connected  with  nerve- cells  in  the 
hilum  of  the  gland ;  they  are,  as  we  shall  see,  connected  with  nerve-cells  in  the  superior  cervical 
ganglion  (J  356).] 

[By  the  nicotin  method  of  investigation  it  has  been  shown  that  the  vaso-dilator  fibres  of  the 
chorda  tympani  are  connected  with  nerve-cells,  but  the  latter  are  not  so  easily  paralyzed  as 
the  peripheral  nerve-cells  connected  with  the  secretory  fibres  of  the  chorda.] 

[By  the  same  method  Langley  has  shown  that  the  vaso-constrictor  fibres  in  the  cervical  sym- 
pathetic, and  the  vaso-dilator  fibres  in  the  same  trunk,  are  only  connected  with  nerve  cells  in  the 
superior  cervical  ganglion,  and  not  anywhere  else  in  their  course  from  their  origin  in  the  medulla 
to  their  ultimate  endings.] 

Pathological. — Trismus,  or  spasm  of  the  muscles  of  mastication  supplied  by  the  third  divi- 
sion, is  usually  bilateral ;  it  may  be  clonic  in  its  nature  (chattering  of  the  teeth),  or  tonic,  when 
it  constitutes  the  condition  of  lock-jaw  or  trismus.  The  spasms  are  usually  individual  symptoms 
of  more  extensive  convulsions ;  more  rarely  when  they  oceur  alone,  they  are  symptomatic  of  dis- 
ease of  the  cerebrum,  medulla,  pons,  and  cortex  of  the  motor  convolutions  (jEulenburg),  The 
spasms  may  be  caused  reflexly,  e,g»y  by  stimulation  of  the  sensory  nerves  of  the  head. 

Paral3rsis. — Degeneration  oif  the  motor  nuclei,  or  an  affection  of  the  intracranial  root  of 
the  nerve,  causes  paralysis  of  the  muscles  of  mastication,  which  is  very  rarely  bilateral.  Paraly- 
sis of  the  tensor  t3rmpani  is  said  to  cause  difficulty  of  hearing  {Romberg)^  or  buzzing  in  the  ears 
{Benedict).  We  require  further  observations  upon  this  point,  as  well  as  upon  paralysis  of  the 
tensor  of  the  soft  palate. 

Neuralgia  may  occur  in  all  branches  of  the  fifth.  It  consists  of  severe  attacks  of  pain  shoot- 
ing into  the  expansions  of  the  nerves.  It  is  usually  unilateral,  and  in  fact  is  often  confined  to 
one  branch,  or  even  to  a  few  twigs  of  one  branch.  The  point  from  which  the  pain  proceeds  is 
frequently  the  bony  canal  through  which  the  branch  issues.  The  ear,  dura  mater,  and  tongue 
are  rarely  attacked.  The  attack  is  not  unfrequently  accompanied  by  contractions  or  twitchings 
of  the  corresponding  group  of  the  facial  muscles.  The  twitchings  are  either  reflex,  or  are  due  to 
direct  peripheral  irritation  of  the  fibres  of  the  facial  nerve,  which  are  mixed  with  the  terminal 
branches  of  the  trigeminus.  The  refiex  twitchings  may  be  extensively  distributed,  involving  even 
the  muscles  of  the  arm  and  trunk. 

Redness,  or  congestion  of  the  affected  part  of  the  face,  is  not  an  unfrequent  symptom  in 
neuralgia,  and  it  may  be  accompanied  by  increased  or  diminished  secretion  from  the  nasal  and 
boecal  mucous  membranes.  This  is. a  reflex  phenomenon,  the  sympathetic  being  affected.  Re- 
flex stimulation  of  the  vaso  motor  nerves  frequently  gives  rise  to  disturbance  of  the  cerebral  activ- 
ities^ owing  to  changes  in  the  distribution  of  the  blood  in  the  head.  Ludwig  and  Dittmar  found 
that  stimulation  of  sensory  nerves  caused  a  refiex  contraction  of  the  arterial  blood-vessels,  and 
increase  of  the  blood-pressure  in  the  cerebral  vessels.  Sometimes  there  is  melancholy  or  hypo- 
cfaondriasis,  and  in  one  case  of  violent  pain  in  the  inferior  maxillary  nerve,  the  attack  was  accom- 
panied by  hallucinations  of  vision. 

The  trophic  disturbances  which  sometimes  accompany  affections  of  the  trigeminus  are  par- 
ticularly interesting.  They  are — a  brittle  character  of  the  hair,  which  frequently  becomes  gray, 
or  may  fall  out ;  circumscribed  areas  of  inflammation  of  the  skin,  and  the  appearance  of  a 
vesicular  eruption  upon  the  face  [often  following  the  distribution  of  certain  nerves],  and  const! - 
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tuting  herpes,  which  may  also  occur  on  the  cornea,  constituting  the  neuralgic  heipes  cones 
of  Schmidt-Rimpler.  Lastly,  there  is  the  progressive  atrophy  of  the  face  which  is  nsaaUj 
confined  to  one  side,  but  may  occur  on  both  sides  {Eulenburg).  It  is  caused  very  probiblf  by 
a  trophic  affection  of  the  trigeminus,  although  the  vaso-motornerves  may  afso  be  affected  refiexlj. 
Landois  found  that  in  the  famous  case  of  Romberg,  a  man  named  Schwahn,  the  sphjgmo- 
graphic  tracing  of  the  carotid  pulse  of  the  atrophied  side  was  distinctly  smaller  than  od  the  soiiid 
side. 

Urbantschitsch  made  the  remarkable  observation  that  stimulation  of  the  branches  of  the  tri- 
geminus, especially  those  going  to  the  ear,  caused  an  increase  of  the  sensation  of  light  in  tbe 
person  so  stimulated.  Blowing  upon  the  cheeks  or  nasal  mucous  membrane,  electrical  stimula- 
tion, the  use  of  snuff,  smelling  strong  perfumes — all  temporarily  increase  the  sensation  of  li^t 
The  senses  of  taste  and  smell,  as  well  as  the  sensibility  of  certain  areas  of  the  skin,  can  til  be 
exalted  reJUxly  by  genUe  stimulation  of  the  trigeminus^  In  intense  affections  of  the  ear,  wboebf 
the  fibres  of  the  trigeminus  are  often  affected  sympathetically,  these  sensory  functions  may  be 
diminished.  As  the  ear- malady  begins  to  improve,  the  excitability  of  these  sense  organs  also 
again  begins  to  improve. 

[Complete  section  of  the  trigeminus  results  in  loss  of  sensibility  in  lU 
the  parts  supplied  by  it  (fig.  519)9  including  one  side  of  the  face,  temple,  pait 
of  the  ear,  the  fore  part  of  the  head,  conjunctiva,  cornea,  mouth,  gums, 
Schneiderian  mucous  membrane,  anterior  two*thirds  of  the  tongue,  and  poit  of 
pharynx.  In  drinking  from  a. vessel,  the. patient  feels  as  if  one  side  of  it  were 
cut  away.  The  muscles  of  mastication  are  paralyzed  on  that  side,  food  is  not 
chewed  on  one  side,  and  fur  accumulates  on  the  tongue  on  that  side.  The 
mucous  membranes  tend  to  ulcerate,  that  of  the  mouth  being  chafed  by  the 
teeth,  the  gums  get  spongy,  the  nasal  mucous  membrane  tends  to  ulcerate,  so 
that  smelling  is  interfered  with,  and  ammonia  excites  no  reflex  acts,  while  the 
eye  undergoes  panophthalmia.] 

[Gowers  is  of  opinion  that  the  sensation  of  taste  on  the  posterior  part  of  the  toogue,  soft  pabae, 
and  palatine  arch  depends  on  the  Bfth  nerve  and  not  on  theglosso-pharyngeal  nerve.] 

348.  VI.  NERVUS  ABDUCBNS.— Anatomical— It  rises  slighUy  in  front  of  and  paitlr 
from  the  nucleus  of  ihtfaciai  nerve  (which  corresponds  (o  the  anterior  horn  of  the  spinal  oord\ 
from  large-celled  ganglia  in  the  deeper  part  of  the  anterior  region  of  the  fourth  ventricle  (ew 
nentia  teres,  figs.  516, 520).  [Its  nucleus  is  connected  with  the  nucleus  of  the  third  nerve  of  tbe 
opposite  side.  It  appears  at  the  posterior  margin  of  the  pons  (fig.  517,  VI).  This  nerve  hsi  a 
very  lone  course  before  it  enters  the  orbit,  and  as  it  bends  over  the  posterior  margin  of  the  paut 
it  is  liable  to  be  compressed  there  or  from  pressure  upon  the  tentorium  cerebelli,  so  that  both 
nerves  are  very  liable  to  paralysb.] 

Function. — It  is  the  voluntary  nerve  of  the  external  rectus  muscle.  In  co- 
ordinated movements  of  the  eyeballs,  however,  it  is  involuntary. 

Anastomoses. — Branches  reach  it  from  the  sympathetic  upon  the  cavernous  sinus  (6e-  51  ^t- 
A  few  come  from  the  trigeminus,  and  their  function  is  analogous  to  similar  fibres  sappliM  to  ^ 
trochlearis  and  oculomotorius. 

Pathological. — Complete  paralysis  causes  squinting  inwards  [or  convergent  s^mimt'X  and  oaa- 
sequent  diplopia.  [The  eye  cannot  be  rotated  outwards  beyond  the  middle  hne,  tne  doobie 
images  are  in  the  same  horizontal  plane  and  vertical,  the  false  one  is  to  the  left  of  the  patieor*s 
*  eye  when  the  left  eye  is  affected  (fig.  515,  2^.  The  feeling  of  giddiness  i^  often  severe.  Tbm 
is  secondary  deviation  to  the  inner  side,  and  the  head  is  turned  towards  the  aflfected  side.1  Ib 
dogs,  section  of  the  cervical  sympathetic  causes  a  slight  deviation  of  the  eyeball  inwards.  (A<£^' 
This  is  explained  by  the  fact  that  the  abducens  receives  a  few  motor  fibres  from  the  oervicL 
sympathetic.     Spasm  of  the  abducens  causes  external  squint. 

Squint. — In  addition  to  paral3r8is  or  stimulation  of  certain  nerves  producing  sqmnt,  k  is  to  be 
remembered  that  it  may  also  be  caused  by  a  primary  affection  of  the  muscles  themselves  t.f , 
congenital  shortness,  contracture,  or  injuries  of  these  muscles.  It  may  also  be  brooglit  dboet 
owing  to  opacifies  of  the  transparent  media  of  the  eye ;  a  person  with,  say,  an  opacity  of  rk 
cornea,  rotates  the  affected  eye  involuntarily,  so  that  the  rays  of  light  may  enter  the  eye  dvoi|':: 
a  clear  part  of  the  media. 

349.  VII.  NERVUS  FACIALIS.^Anatomical.— This  nerve  consists  entirely  of  eisr 
ent  fibres,  and  arises  fipom  the  floor  of  the  fourth  ventricle  from  the  **  facial  nucleus  **  [^ 
5i6>  7i  S^^)>  which  lies  behind  the  origin  of  the  abducens,  and  also  by  some  fibres  frm  cbc 
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nucleus  or  the  abducens  [although  Gowen'  observalioiu  do  not  confirm  this  ({  366)].  Other  fibres 
uiit  from  the  cerebrum  of  the  oppoute  lida  ({  378,  I).  It  consiiti  of  two  roots,  the  smaller — 
portio  intermedia  of  Wrisberg — forms  a  coDDcclion  with  the  auditory  nerve  (see  j  350).  The 
orifpnal  fibres  of  the  poitio  intermedia  are  developed  from  the  glosso-phaijngeal  nucleus 
[Sapolini).  It  would  thus  appear  thai  the  sensor;  and  gustatory  fibres  which  are  present  in  the 
chcnila  tympani  enter  i(  through  these  libres  {Duval,  ScAulltt,  VulpiaH),  so  that  the  portio  inter- 
media is  a  special  part  of  the  nerve  of  taste,  which  becorues  conjoined  with  the  facial,  and  runs 
to  the  tongue  in  the  chorda.  Along  with  the  audilocy  nerve,  it  traverses  the  porus  j— -'-- 
inlennu,  where  it  passes  into  the  facial  or  Fallopian  canal.     At  first  it  has  a  liaasi 


Scheme  of  the  disposition  of  the  nuclei  of  origin  of  the  cranial  nerves  in  the  region 
of  (be  bulb  and  pons. 

as  far  as  the  hiatus  of  this  canal ;  it  then  bends  at  an  acute  angle  at  the  "  knee  "  (1)  above  the 
tympanic  cavity,  lo  descend  in  an  otseous  canal  in  (hepoHCiior  wall  of  this  apace  (hg.  518).  It 
emei^ei  from  the  stylo-masloid  foramen,  piercei  the  parotid  gland,  and  is  distributed  in  a  fan- 
shaped  manner  (pes  antennas  major).  [The  superficial  origin  is  at  the  lower  margin  of  the  pons, 
in  the  depressioa  between  (he  olivary  body  and  the  rcitifbrm  body,  as  indicated  in  lig.  517, 

Its  branches  are:  i.  The  motor  large  superficial  petrosal  (/).  It 
arises  from  the  "knee  "  or  geniculate  ganglion  within  the  Fallopian  canal,  in 
the  cavity  of  the  skull,  runs  upon  the  anterior  surface  of  the  temporal  bone, 
traverses  the  foramen  lacerum  medium  on  the  under  surface  of  the  base  of  the 
skull,  and  passes  through  the  Vidian  canal  to  reach  the  sphe no-palatine 
ganglion  (p.  749).  It  is  uncertain  whether  this  nerve  conveys  sensory 
branches  from  the  second  division  of  the  trigeminus  to  the  facial. 

2.  Connecting  branches  (^)  pass  from  the  geniculate  ganglion  to  the  otic 
ganglion.     For  their  course  and  function,  see  Otic  ganglion  (p.  751). 

3.  The  motor  branch  to  the  stapedius  muscle  (.r)- 

4.  The  chorda  tympani  (/'/)  arises  from  the  facial  before  it  emerges  at  the 
stylo- mastoid  foramen  (j),  runs  through  the  tympanic  cavity  (above  the  tendon 
of  the  tensor  tympani,  between  the  handle  of  the  malleus  and  the  long  process 
of  the  incus),  passes  out  of  the  skull  through  the  pe I ro- tympanic  Assure,  and 
then  joins  the  lingual  nerve  at  an  acute  angle  (p.  750,  4).  Before  it  unites 
ivith  this  nerve,  it  exchanges  fibres  with  the  otic  ganglion  (m).  Thus,  sensory 
fibres  can  enter  the  chorda  from  the  third  division  of  the  trigeminus,  which 
may  run  centripetally  to  the  facial  to  be  distributed  along  with  it.  In  the  same 
way,  sensory  fibres  may  pass  from  the  lingual  nerve  through  the  chorda  into  the 
facial  (I,tfnget).  Stimulation  of  the  chorda — which  even  in  man  may  be  done 
n  cases  where  the  tympanic  membrane  is  destroyed — causes  a  prickling  feeling 
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in  the  anterior  margins  and  tip  of  the  tongue  (Trd/fscA).  O.  Wolfe  found 
that  the  section  of  the  chorda  in  man  abolished  the  sensibility  for  tactile  and 
thermal  stimuli  upon  the  tip  of  the  tongue ;  and  the  same  was  true  of  the 
sense  of  taste  in  this  region.  It  is  supposed  by  Calori  that  these  fibres  enter 
the  facial  nerve  at  its  periphery  (especially  through  the  aunculo- temporal  into 
the  branches  of  the  facial),  that  they  run  in  a  centripetal  direction  in  the 
facial,  and  afterwards  pursue  a  centrifugal  course  in  the  chorda.  [It  is  possible 
that  sensory  fibres  pass  from  the  spheno-palatine  ganglion  of  the  fifth  through 
the  Vidian  nerve  and  large  superficial  petrosal  to  enter  the  facial.  These 
fibres  may  be  those  that  appear  in  the  seventh  as  the  chorda  fibres  which 
administer  to  taste.  Bigelow  asserts  that  the  chorda  tympani  is  not  a  branch 
of  the  facial,  but  the  continuation  of  the  nervus  intermedius  of  Wrisberg.] 
The  chorda  also  contains  secretory  and  vase  dilator  fibres  for  the  sub-max- 
illary and  sub-lingual  glands  (§  145). 

[The  chorda  is  composed  of  several  bundles  of  meduUated  nerve-fibres, 
chiefly  small  (2.5  to  3.5  /a),  mixed  with  a  few  medium-sized  ones.  It  has 
already  been  pointed  out  (p.  751)  that  the  secretory  and  vaso-dilator  fibres  of 
the  chorda  are  connected  with  nerve-cells  before  they  reach  their  ultimate 
endings  in  the  glands;  the  nerve-cells  for  the  sub-lingual  gland  lying  io 
what  is  usually  called  the  sub-maxillary  ganglion,  some  cells  in  the  chorda- 
lingual  triangle,  and  others  in  the  gland  itself,  while  the  nerve-fibres  of  the 
chorda  for  the  sub-maxillary  gland  are  chiefly  connected  with  the  ganglion  in 
the  hilum  of  the  sub-maxillary  gland.] 

Gustatory  Fibres. — The  chorda  also  contains  fibres  administering  to  the 
sense  of  taste,  for  the  margin  and  tip  of  the  tongue  (anterior  two-thirds), 
which  are  conveyed  to  the  tongue  along  the  course  of  the  lingual.  Urbant- 
schitsch  made  observations  upon  a  man  whose  chorda  was  freely  exposed,  and 
in  whom  its  stimulation  in  the  tympanic  cavity  caused  a  sensation  of  taste  (and 
also  of  touch)  in  the  margins  and  tip  of  the  tongue. 

It  would  seem,  therefore,  that  the  gustatory  fibres  of  the  chorda  have 
their  origin  in  the  glosso-pharyngeal  nerve.  They  may  reach  the  chorda: 
I.  Through  the  portio  intermedia  of  Wrisberg,  as  already  mentioned. 

2.  There  is  a  channel  beyond  the  stylo-mastoid  foramen,  viz.,  through  the  ramus  comnnuiicaBs 
cum  glosso  pharyngeo  (fig.  S^^)f  wlii<^h  passes  from  the  last-mentioned  nerve  in  that  branch  of 
the  facial  which  contains  the  motor  fibres  for  the  stylo-hyoid  and  posterior  belly  of  the  d^asuic 
muscle  (Henle's  N.  styloideus).  This  nerve  also  supplies  muscular  sensibility  to  the  stjk>^yi^ 
and  posterior  belly  of  the  digastric  muscles.  It  is  also  assumed  that,  by  means  of  these  anasto- 
moses, motor  fibres  are  supplied  by  the  facial  to  the  glosso-pharyngeal  nerve.  3.  A  xuuon  of  the 
glosso-pharyngeal  and  facial  nerves  occurs  in  the  tympanic  cavity.  The  tympanic  tM^ancfa  c^ 
the  glosso-pharyngeal  (A)  passes  into  this  cavity,  where  it  unites  m  the  tympanic  plexus  witk 
the  small  superficial  petrosal  nerve  (/3),  which  springs  from  the  knee  on  the  facial.  The 
grustatory  fibres  may  first  pass  into  the  otic  ganglion,  which  is  always  connected  with  the 
chorda  (Otic  ganglion,  p.  751,  3).  Lastly,  a  connection  is  described  through  a  twig  (rr)  fros 
the  petrous  ganglion  of  the  glosso-pharyngeal,  direct  to  the  facial  trunk  within  the  Fallopac 
canal  i^Garidaldt). 

According  to  some  observers,  the  chorda  contains  vaso  dilator  fibres  fox 
the  anterior  two-thirds  of  the  tongue  {Vuipiah), 

Pseudo-naotor  Action  of  the  Chorda. — From  one  to  three  weeks  after 
the  section  of  the  hypoglossal  nerve,  stimulation  of  the  chorda  causes  move- 
ments in  the  tongue  {Philippeaux  and  Vulpian),  These  movements  arc  not  so 
energetic  as,  and  occur  more  slowly  than,  those  caused  by  stimulation  of  the 
hypoglossal.  Nicoiin  first  excites,  then  paralyzes,  the  motor  effect  of  the  chorda- 
Even  after  cessation  of  the  circulation,  stimulation  of  the  chorda  causes  move- 
ments. Heidenhain  supposes  that,  owing  to  the  stimulation  of  the  chordi. 
there  is  an  increased  secretion  of  lymph  within  the  musculature,  which  acts  as 
the  cause  of  the  muscular  contraction.     He  called  this  action  *'/j«w6MWtfA?r," 
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[ir,  sfler  Ihe  anioo  of  (he  ccDtral  end  of  the  lingiulii  and  ihe  peripheral  end  of  the  brpo- 
glcsul  nerre,  the  Ungnatis  be  siiinulated,  ihere  is  a  genuine  conlnclion  of  the  musculuure  of 
ihe  tongue  on  that  s[de.  A  pseado-motor  conlncliQii  is  easily  distinguished  from  ■  (rue  contrac- 
tkiD,  for  when  a  telephone  is  connected  with  the  tongue,  on  stimulatii^  the  bypoglossal  (he  (one 
of  the  tetanus  thereby  produced  is  heard,  but  on  stimulating  (be  lingual,  although  the  pseudo- 
mocor  con(raclions  occur,  no  sound  is  heard  {Xogowk!).] 

5.  Connec(iaii  with  Vagua. — Before  the  chorda  is  given  ofT,  the  trnolc  of  the  bcill  comes 
in(o  direct  rela(ion  wi(h  the  auricular  branch  of  the  vagus  (d),  which  crosses  it  in  (he  mastoid 
cmat,  and  supplies  it  with  sensory  nerves  (see  I'agiis). 

6.  Peripheral  Branches. — After  the  facial  issues  from  its  canal,  it  sup- 
plies motor  fibres  to  the  stylo-hyoid  and  posterior  belly  of  the  digastric, 
occipitalis,  all  the  muscles  of  the  external  ear,  the  muscles  of  expression,  buc- 


Mute.  occipEtiilii, 

incho  of  At  Facial. 

M.  ilylohiicdilcui. 


Rg.  511. 
Motor  points  of  the  bcial  nerve  and  the  facial  muscles  supplied  by  it. 

:inator  and  platysma.     The  facial  also  contains  secretory  fibres  for  the  face 
compare  §  388). 


Anastomoses  of  the  Facial  Nerve. — The  branches  of  the  seventh 
erve  on  the  face  anastomose  with  those  of  the  trigeminus,  wljereby  sensory 
bres  are  conveyed  to  the  muscles  of  expression.  The  sensory  branches  of 
be  auricular  branch  of  the  vagus,  and  the  great  auricular,  enter  the  peripheral 
nds  of  the  facial,  and  supply  sensibility  to  the  muscles  of  the  ear ;  while  the 
jnsory  fibres  of  the  third  cervical  nerve  similarly  supply  the  platysma  with 
:nsibility.     Section  of  the  facial  at  the  stylo-masloid  foramen  is  painful,  but 
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it  is  still  more  so  if  the  peripheral  branches  on  the  face  are  divided  {Recnrreni 
sensibility,  §  355). 

Pathological. — In  all  cases  of  paralysis  of  the  facial,  the  most  important  point  to  deter- 
mine  is  whether  the  seat  of  the  affection  is  in  the  periphery,  in  the  region  of  the  stylo-maaod 
foramen,  or  in  the  course  of  the  long  Fallopian  canal,  or  is  central  (cerd^ral)  in  its  origin.  Tbts 
point  must  be  determined  by  an  analysis  of  the  s3rmptoms.  Paralysis  at  the  styto-mastotd 
foramen  is  very  frequently  rheumatic,  and  probably  depends  upon  an  exudation  ffrMwpri>mittg 
the  nerve ;  the  exudation  probably  occupying  the  lymph  space  described  by  RQdinger  on  the 
inner  side  of  the  Fallopian  canal,  between  the  periosteum  and  the  nerve,  and  which  is  a  antin. 
nation  of  the  arachnoid  space.  Other  causes  are — inflanimation  of  the  parotid  gland,  direct 
injury,  and  pressure  from  me  forceps  during  delivery.  In  the  course  of  the  canal,  the  cib&cs 
are — fracture  of  the  temporal  bone,  efiiision  of  the  blood  into  the  canal,  syphilitic  efhisioo;,  aod 
caries  of  the  temporal  bone ;  the  last  sometimes  occurs  in  inflammation  of  the  ear.  AmoogK 
intracranial  causes  are — affections  of  the  membranes  of  the  brain,  aad  of.  the  base  of  die 
skull  in  the  region  of  the  nerve,  disease  of  the  *'  facial  nucleus ; "  lastly,  affection  of  the 
cortical  centre  of  the  nerve  and  its  connections  with  the  nucleus.  [No  nerve  is  so  liaUe  as  the 
seventh  to  be  paralyzed  independently.] 

Symptoms  of  Onilateral  Paralysis  of  the  Facial  [or  Bell's  Paralysis]. — z.  Paralysis 
of  the  muscles  of  expression :  The  forehead  is  smooth,  without  folds,  the  eyeUds  remaio  opes 
(lagophthalmus  paralyticus),  the  outer  angle  being  slightly  lower.  The  anterior  sur£ue  of 
the  eye  rapidly  becomes  dry,  the  cornea  is  dull,  as,  owing  to  the  paralysis  of  the  orbicularis,  the 
tears  are  not  properly  distributed  over  the  conjunctiva,  and,  in  foct,  in  consequence  of  the  drynes 
of  the  eyd>all,  ther^  may  be  \emporary  inflammation  (keratitis  xerotica).  In  order  to  pro- 
tect the  eyeball  from  the  light,  the  patient  turns  it  upwards  under  the  upper  eyelid  {Bdl\, 
relaxes  the  levator  palpebrse,  which  allows  the  lid  to  fall  somewhat  {Nasse).  The  nose  is  in- 
movable,  while  the  naso-labial  fold  is  obliterated.  As  the  nostrils  cannot  be  dilated,  the  seme 
of  smell  is  interfered  with.  The  impairment  of  the  sense  of  smell  dq)ends  more,  however, 
upon  the  imperfect  conduction  of  the  tears,  owing  to  p>aralysis  of  the  orbicularis  palpebranua 
and  Horner's  muscle,  thus  causing  dryness  of  the  corresponding  side  of  the  nasal  cavitj. 
Horses,  which  distend  the  nostrils  widely  during  respiration,  after  section  of  both  facial  nerres^ 
are  said  by  CI.  Bernard  to  die  from  interference  with  the  respiration,  or  at  least  they  soffier  from 
severe  dyspncea  (EUenberger).  The  face  is  drawn  towards  the  sound  side,  so  that  the  nose, 
mouth,  and  chin  are  oblique.  Paralysb  of  the  buccinator  interferes  with  the  proper  formatioo 
of  the  bolus  of  food ;  the  food  collects  between  the  cheek  and  the  gum,  frt>m  which  it  ts 
usually  removed  by  the  patient  with  his  fingers ;  saliva  and  fluids  escape  frt>m  the  angle  of  tfe 
mouth.  During  vigorous  expiration  the  cheeks  are  puffed  outwards  like  a  sail.  The  speech 
may  be  affected  owing  to  the  difliculty  of  sounding  the  labial  consonants  (especially  in  dooUe 
paralysis),  and  the  vowels  u,  tt  (ue),  d  (oej ;  wUle  the  speech,  in  paralysis  of  the  braDcbes  to 
both  sides  of  the  palate,  becomes  nasal  ({  028).  The  acts  of  whistling,  sucking,  blowing,  a»i 
spitting  are  interfered  with.  In  double  paralysis,  many  of  these  symptoms  are  greatly  uitea- 
sified,  while  others,  such  as  the  oblique  position  of  the  features,  disappear.  The  features  are 
completely  relaxed ;  there  is  no  mimetic  play  of  the  features,  the  patients  weep  and  langfa,  **as  it 
were,  behind  a  mask  "  {Romberg),  a.  In  paralysis  of  the  palate,  when  the  uvula  is  directed 
towards  the  sound  side,  and  the  paralyzed  half  of  the  palate  hangs  down  and  cannot  be  raised 
(large  superficial  petrosal  nerve),  it  is  not  determined  to  what  extent  this  condition  influences 
the  act  of  deglutition  and  iht  formation  of  the  consonants.  3.  Taste  is  interfered  with; 
either  it  is  absent  on  the  anterior  two-thirds  of  the  tongue,  or  the  sensation  is  delayed  and 
altered.  This  is  due  to  an  affection  of  the  chorda.  4.  Diminution  of  saliva  on  the  afiected 
side  was  first  described  by  Arnold;  still,  we  must  determine  to  what  extent  a  simoltaoeoas 
affection  of  the  sense  of  taste  may  cause  a  reflex  interference  with  the  secretion  of  saliva,  or 
whether  rapid  removal  of  the  saliva  through  the  opened  lips  and  angle  of  the  mouth  may  caase 
the  dryness  on  the  affected  side  of  the  mouth.  5.  Loux  pointed  out  that  hearings  is  afiiecleii 
the  sensibility  to  sounds  being  increased  (ozyakoia,  hyperakusis  willisiana).  The  parahrss 
of  the  stapedius  muscle  makes  the  stapes  loose  in  the  fenestra  ovalis,  so  that  all  impnlses  fron 
the  tjrmpanum  act  vigorously  upon  the  stapes,  which  consequently  excites  considerable  vibratioc^ 
in  the  fluid  of  the  inner  ear.  More  rarely,  in  paralysis  of  the  stapedius,  it  has  been  observed 
that  low  notes  are  heard  at  a  greater  distance  than  on  the  sound  side  (Lucae,  Afo7e\.  6.  As  tbe 
facial  in  man  appears  to  contain  fibres  for  the  secretion  of  sweat,  this  explains  the  loss  of  the 
power  of  sweating  in  the  face  when  the  nerve  begins  to  atrophy  {Strauss^  Bloek). 

Section  of  the  facial  in  young  animals  causes  atrophy  of  the  corresponding  musilts^ 
The  facial  bones  are  also  imperfectly  developed ;  they  remain  smaller,  and  hence  the  bones  of 
the  sound  side  of  the  face  grow  towards,  and  ultimately  across,  the  middle  line  towards  the 
affected  side  {Brown- Siquarct).    The  salivary  glands  also  remain  smaller. 

Stimulation — or  irritation  in  the  area  of  the  facial— causes  partial   or  extensive,  ekbef 
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direct  or  reflex,  tonic  or  clonic  spasmt.  The  extensive  forms  are  known  as  **  mimetic  facial 
spasm.*'  Amongst  the  partial  forms  are  tonu  contraction  of  the  eyelid  (blepharospasm), 
which  is  most  common ;  and  is  caused  reflexly  by  stimulation  of  the  sensory  nerves  of  the  eye, 
e.g.^  in  scrofulous  ophthalmia,  or  from  excessive  sensibility  of  the  rethia  (photophobia).  More 
rarely,  the  excitement  proceeds  from  some  distant  part,  e^.^  in  one  case  recorded  by  v.  Giftfe, 
from  inflammatory  stimulation  of  the  anterior  palatine  arch.  The  centre  for  the  reflex  is  the 
fiicial  nucleus.  The  clonic  form  of  spasm — spasmodic  winking  (spasmus  nictitans) — is 
usually  of  reflex  origin,  due  to  irritation  of  the  eye,  the  dental  nerves,  or  even  of  more  distant 
nerves.  In  severe  cases,  the  aflection  may  be  bilateral,  and  the  spasms  may  extend  to  the 
muscles  of  the  neck,  trunk,  and  upper  extremities.  Contraction  of  the  muscles  of  the  lip  may 
be  excited  by  emotions  (rage,  grief),  or  reflexly.  Fibrillar  contractions  occur  after  section  of 
the  £MHal  as  a  **  degeneration  phenomenon  *'  (p.  605).  [If  the  facial  be  torn  out  at  the  stylo- 
mastokl  foramen,  there  is  paralytic  oscillation  of  the  lip  muscles  (Schiff),  If,  in  such  an 
animal,  the  posterior  root  of  the  annulus  of  Vieussens  be  stimulated  electrically,  as  it  contains 
vaso-dilator  fibres  (Dastre  and  Morat\  not-  only  do  the  blood-vessels  of  the  cheek  and  lips 
dilate,  but  the  veins  pulsate  and  florid  blood  escapes  from  the  veins,  just  as  occurs  in  the  sub- 
maxillary gland  when  the  chorda  is  stimulated.  On  stimulating  the  ansa,  after  section  of  the 
seventh,  there  is  a  pseudo-motor  effect  on  the  muscles  of  the  cheek  and  lips,  so  that  there  is 
an  analogy  between  the  chorda  and  the  ansa  {Rogowici).'\  Intracranial  stimulation  of  the 
most  varied  description  may  cause  spasms.  Lastly,  facial  spasm  may  be  part  of  a  general  spas- 
modic condition,  as  in  epilepsy,  chorea,  hysteria,  tetanus.  Aretseus  (81  A.  d.)  made  the  inter- 
esting observation  that  the  muscles  of  the  ear  contracted  during  tetanus.  Very  rarely  have 
spasmodic  elevation  of  the  palate  and  increased  salivation  been  described  as  the  result  of  irrita- 
tion of  the  facial  {^Leube\  Moos  observed  a  profuse  secretion  of  saliva  on  stimulating  the 
chorda  during  an  operation  on  the  tympanic  cavity. 

350.  VIII.  NERVUS  ACUSTICUS— Arises  by  tviro  roots  (Stieda);  a  larger  anterior 
with  coarser  fibres  and  a  smaller  posterior  one  with  finer  fibres.  From  the  former  proceeds  the 
vestibular  nerve,  and  from  the  latter  the  cochlear  nerve ;  these  are  separated  in  the  sheep 
and  horse  (Horbacxewskt),  E^h  root  springs  from  a  median  and  a  lateral  nucleus,  so  that  there 
are  four  nuclei  (fig.  520).  The  vestibular  branch  is  chiefly  connected  with  the  gray  matter 
in  relation  with  the  cerebellum,  and  these  fibres  may  be  connected  with  equilibration.  The 
chief  mass  of  the  cochlear  nerve  crosses  to  the  other  side  and  passes  to  the  posterior  part  of 
the  corpora  quadrigemina,  the  internal  geniculate  body,  and  finally  to  the  temporo-sphenoidal 
lobe  of  the  cerebrum  ({  378,  IV,  2).  After  extirpation  of  the  temporo-sphenoidal  lobe,  these 
fibres  atrophy  into  the  internal  capsule  and  internal  geniculate  body  {v.  Monakow).  The  strise 
acusticae  form  a  second  decussating  projection  system  like  a  chiasma.  The  origin  of  both 
acoustic  nerves  are  connected  by  commissures  in  the  brain  {^Flechsig). 

In  the  course  of  the  internal  auditory  meatus,  the  auditory  and  portio-intermedia  of  the  facial 
exchange  fibres,  but  the  physiological  significance  of  this  is  unknown. 

Function. — The  acusticus  or  auditory  nerve  has  a  double  function  :  i. 
It  is  the  nerve  of  hearing ;  when  stimulated^  either  at  its  origin,  in  its  course, 
or  at  its  peripheral  terminations,  it  gives  rise  to  sensations  of  sound.  Every  injury, 
according  to  its  intensity  and  extent,  causes  hardness  of  hearing  or  even  deaf- 
ness. 

2.  Quite  distinct  from  the  foregoing  is  the  other  function,  which  depends 
upon  the  semicircular  canals,  viz.,  that  stimulation  of  the  peripheral  expan- 
sions in  the  ampullae  influences  the  movements  necessary  for  maintaining  the 
equilibrium  of  the  body. 

Brenner's  Formula. — The  relation  of  the  auditory  nerve  to  the  galvanic  current  is  very 
important  In  healthy  persons,  when  there  is  closure  at  the  cathode,  there  is  the  sensation  of  a 
clang  (or  tone)  in  the  ear,  which  continues  with  variaUons  while  the  current  is  closed.  When 
the  anode  is  opened,  there  is  a  feebler  tone  {Brenner's  Normal  Acoustic  Formula).  This  clang 
coincides  exactly  with  the  resonance  fundamental  tone  of  the  sound-conducting  apparatus  of  the 
ear  itself. 

Pathological. — increased  sensibility  of  the  auditory  nerve  in  any  part  of  its  course,  its  centre, 
or  peripheral  expansions  causes  the  condition  known  as  hyperakusis,  which  usually  is  a  sign  of 
greatly  increased  nervous  excitability,  as  in  hysteria.  When  excessive,  it  may  give  rise  to  db- 
tinctly  painful  impressions,  which  condition  is  known  as  acoustic  hyperalgia  (Eulenburg), 
Stimulation  of  the  parts  above  named  causes  sensations  of  sound,  the  most  common  being  the 
sensation  oi  singing  in  the  ears,  or  tinnitus.  This  condition  is  often  due  to  changes  in  the 
amount  of  blood  in  the  blood-vessels  of  the  ear— either  anaemic  or  hypersemic  stimulation.  There 
is  well-marked  tinnitus  after  large  doses  of  quinine  or  salicin,  due  to  the  vaso-motor  effect  of  these 
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drugs  upon  the  vessels  of  the  Ubyriuth  {Jdrehttfr).  Not  unfrequentlj,  in  cases  of  tiimitas,  the 
reaction  due  to  the  galvanic  current  is  often  increased.  More  rarely  thore  is  the  so-called  '^para- 
doxical reaction  " — f .  e,^  on  applying  the  galvanic  current  to  one  ear,  in  addition  to  the  reactiw 
in  this  ear,  there  is  the  opposite  result  in  the  non-stimulated  ear.  In  other  cases  of  disease  of  the 
auditory  nerve,  noises  rather  than  musical  notes  are  produced  by  the  current ;  stimtilatiomf  espe- 
cially of  the  cortical  centre  of  the  auditory  nerve,  chiefly  in  lunatics,  may  cause  auditory  ddn- 
sions  ^2  378,  IV).  According  as  the  excitability  of  the  auditory  nerve  is  diminished  or  abol- 
ished, there  is  the  condition  of  nervous  hardness  of  hearing  (hypakusis),  or  nervous  deafoea 
(anakusis). 

The  Semicircular  Canals  of  the  Labyrinth. — Section  or  injury  to  these 
canals  does  not  interfere  with  hearing,  but  other  important  symptoms  foilov 
their  injury,  such  as  disturbances  of  equilibrium  due  to  a  feeling  of  giddiness, 
especially  when  the  injury  is  bilateral  \Fl0uren5),  This  does  not  occur  in  fishes 
{Kusseibach).  The  pendulum-like  movement  of  the  head,  in  the  direc- 
tion of  the  plane  of  the  injured  canal,  is  very  characteristic.  If  the  hotwmial 
canal  be  divided,  the  head  (of  the  pigeon)  is  turned  alternately  to  the  right  and 
left.  The  rotation  takes  place  especially  when  the  animal  is  about  to  execute 
a  movement ;  when  it  is  at  rest,  the  movement  is  less  pronounced.  The  phe- 
nomenon may  last  for  months,  and  injury  to  the  posterior  veriical  canals  causes 
a  well-marked  up  and  down  movement  or  nodding  of  the  head,  the  animaJ 
itself  not  unfrequently  falling  forwards  or  backwards.  Injury  to  the  sufcricr 
vertical  canals  also  causes  pendulum-like  vertical  movements  of  the  head,  while 
the  animal  often  falls  forwards.  When  ail  the  canals  are  destrojred,  various 
pendulum-like  movements  are  performed,  while  standing  is  often  impossible. 
Breuer  found  that  electrical  stimulation  of  the  canals  caused  rotation  of  the 
head,  while  Landois  on  applying  a  solution  of  salt  to  the  canals  observed  pen- 
dulum-like movements,  which,  however,  disappeared  after  a  time.  A  25  per 
cent,  solution  of  chloral  dropped  into  the  ear  of  a  rabbit  causes,  after  fifteen 
minutes,  similar  effects  to  destruction  of  the  cssi^Xs {Vulpian),  Section  of  the 
acoustic  nerves  within  the  cranium  has  the  same  result  i^Bechterew). 

[From  the  foregoing  and  other  experiments  there  seems  to  be  no  doubt  that 
the  semicircular  canals  and  the  impressions  proceeding  from  them  form  a  noost 
important  part  of  the  afferent  mechanism  of  equilibration.  Marked  distnrb- 
ances  of  equilibrium  take  place  in  all  animals  after  section  of  the  auditory  nenx, 
or  destruction  of  the  semicircular  canals,  the  effects  being  most  marked  and  per- 
sistent when  the  canals  on  both  sides  are  destroyed,  so  that  it  may  be  taken  that 
certain  disturbances  of  equilibrium  stand  in  causal  relation  to  lesions  of  the 
semicircular  canals.  The  other  effects  associated  with  injury  of  these  <^nalsare 
movements  of  the  head  in  the  plane  of  the  injured  canal,  and  movemoits 
of  the  eyeballs.  These  organs  seem  to  be  in  no  way  associated  with  hearing. 
Animals  with  their  semicircular  canals  destroyed  still  hear  by  means  of  aerui 
vibrations,  while  an  animal  without  its  cochlea  is  deaf,  but  its  equilibration  b 
not  thereby  affected.] 

Explanation. — Goltz  regards  the  canals  as  organs  of  sense  for  ascertaining  the  equilifaiuB  or 
position  of  the  head  in  space;  Mach  as  an  organ  for  ascertaining  the  movements  of  the  bead. 
According  to  Goltz's  statical  theory,  every  position  of  the  head  causes  the  endoljnmph  to  cxen 
the  greatest  pressure  upon  a  certain  part  of  the  canals,  and  thus  excites  in  a  varying  degree  the 
nerve-terminations  in  the  ampullae.  According  to  Breuer,  when  the  head  is  rotated,  cnrrene  are 
produced  in  the  endolymph  of  the  canals,  which  must  have  a  Bxed  relation  to  the  directioQ  ad 
extent  of  the  movements  of  the  head,  and  these  currents,  therefore,  when  they  are  perosie^ 
afford  a  means  of  determining  the  movement  of  the  head.  The  nervous  endot^ns  of  the  m^ 
pullae  are  arranged  for  ascertaining  this  perception.  If  the  semicircular  canals  are  an  apparaas— 
in  fact,  *'  sense-organs  " — for  the  sensation  of  the  equilihrium,  and  if  their  function  is  to  detcfaiK 
the  position  or  movements  of  the  head,  necessarily  their  destruction  or  stimulation  must  aher  these 
perceptions,  and  so  give  rise  to  abnormal  movements  of  the  head.  Vulpian  regards  the  rotMJoa  of 
the  head  as  due  to  strong  auditory  perceptions  (?)  in  consequence  of  afiectioas  of  the  c^afa- 
Bottcher,  Tomaszewicz,  and  Baginsky  regard  toe  injury  to  Uie  cerebellum  as  the  cause  of  dK 
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phenomena.    The  pendulnm-like  movements,  however,  are  so  characteristic  that  they  cannot  be 
coofoanded  with  disturbances  of  the  equilibrium  which  result  from  injury  to  the  cerebellum. 

[Kinetic  Theory, — In  1875  Crum  Brown  pointed  out  that  if  a  person  be  rotated  passively, 
his  eyes  being  bandaged,  he  can,  up  to  a  certain  point,  indicate  pretty  accurately  the  amount  of 
movement,  but  after  a  time  this  cannot  be  done,  and  if  the  rotation,  as  on  a  potter^s  wheel,  be 
stopped,  the  sense  of  rotation  continues.  Cnim  Brown  suggested  that  currents  were  produced  in 
ibe  endolymph,  while  the  terminal  hair-cells  lagged  behind,  and  were,  in  fact,  dragged  through 
the  fluid.  He  pointed  out  that  the  right  posterior  canal  is  in  line  with  the  left  superior,  and 
the  left  posterior  with  the  right  superior,  a  fact  which  is  readily  observed  by  looking  from  behind 
at  a  skull,  with  the  semicircular  canals  exposed  (Hg.  522).  He  assumes  that  the  canals  are  paired 
organs,  and  that  each  pair  is  connected  with  rotation  or  movement  of  the  head  in  a  particular 
direction.] 

Giddiness. — This  feeling  of  false  impressions  as  to  the  relations  of  the  sur- 
roundings and  consequent  movements  of  the  body  occurs  especially  during 
acquired  changes  in  the  normal  movements  of  the  eyes,  whether  due  to  invol- 
untary to  and  fro  movements  of  the  eyeballs  (nystagmus)  or  to  paralysis  of 
some  eye  muscle. 

Active  or  passive  movements  of  the  head  or  of  the  body  are  normally  accom- 
panied by  simultaneous  movements  of  both  eyeballs,  which  are  characteristic  for 
every  position  of  the  body.  The  general  character  of  these  **  compensatory  ** 
bilateral  movements  of  the  eyes  consists  in  this,  that  during  the  various  changes 
in  the  position  of  the  head  and  body  the  eyes  strive  to  maintain  their  primary 
passive  position.  Section  of  the  aqueduct  of  Sylvius  at  the  level  of  the  corpora 
quadrigemina,  of  the  floor  of  the  fourth  ventricle,  of  the  auditory  nucleus,  both 
acustici,  as  well  as  destruction  of  both  membranous    to  t>  o 

labyrinths,  causes  disappearance  of  these  move- 
ments ;  while,  conversely,  stimulation  of  these  parts 
is  followed  by  bilateral  associated  movements  of 
the  eyeballs. 

Cooipensatory  movements  of  the  e)^balls,  un- 
der normal  circumstances,  may  be  caused  reflexly 
rom  the  membranous  labyrinth.  Nerve  chan- 
lels,   capable  of  exciting    reflex    movements  of   t  p    X  ^\.  P^p 

)oth  eyes,  proceed   from  both    labyrinths,  and,  Pj 

ndeed,  both  eyes  are  affected  from  both  laby-    ^.  fth^d       f       fth 

inths.  These  channels  pass  through  the  audi-  *i^^dr^ular%S  *°RS  and 
ory  nerve  to  the  centre  (nuclei  of  the  3d,  4th,  ls,  right  and  left  superior; 
►th,  and  8th  cranial  nerves),  and  from  the  latter  LP  and  RP,  right  and  left 
fferent  fibres  pass  to  the  muscles  of  the  eye  posterior;  LE  and  RE,  right 
Hdgyes).  ^^  ^^*  external. 

Effects  of  Section  of  the  Canals. — Cyon  found  that  stimulation  of  the  horizontal  semi- 
ircular  canal  was  followed  by  horizontal  nystagmus ;  of  the  posterior,  by  vertical,  and  of  the 
nterior  canal,  by  diagonal  nystagmus.  Stimulation  of  one  auditory  nerve  is  followed  by 
Hating  nystagmus,  and  rotation  of  the  body  of  the  animal  on  its  axis  towards  the  stimulated 
de. 

Drug^. — Chloroform  and  other  poisons  enfeeble  the  compensatory  movements  of  the  eyeballs, 
hile  nicotin  and  asphyxia  suppress  them,  owing  to  their  action  on  their  nerve-centre. 

It  is  probable  that  the  disturbances  of  equilibrium  and  the  feeling  of  giddi- 
ess  which  follow  the  passage  of  a  galvanic  current  through  the  head  between 
le  mastoid  processes  are  also  due  to  an  action  upon  the  semicircular  canals  of 
le  labyrinth  (§  300).  Deviation  of  the  eyeballs  is  produced  by  such  a  galvanic 
irrent  {Hitzig),  The  same  result  is  produced  when  the  two  electrodes  are 
iaced  in  the  external  auditory  meatuses. 

Pathological. — Meni^e's  Disease. — The  feeling  of  giddiness,  not  unfrequently  accompa- 

ed  by  tinnitus,  which  occurs  in  Meniere's  disease,  must  be  referred  to  an  affection  of  the  nerves 

the  ampullae  or  their  central  organs,  or  of  the  semicircular  canals  themselves.     By  injecting 
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fluid  violently  into  the  ear  of  the  rabbit,  giddiness,  with  nystagmus  and  rotation  of  the  bead 
towards  the  side  operated  on,  are  produced  (Baginsky).  In  cases  in  man,  where  the  tympaak 
membrane  was  defective,  Lucse,  when  employing  the  so-called  ear  air-douche  at  o.i  atmosphere, 
observed  abduction  of  the  eyeball  with  diplopia,  giddiness,  darkness  in  front  of  the  eyes,  while 
the  respiration  was  deeper  and  accelerated.  These  phenomena  must  be  due  to  laimnlatwp  or 
exhaustion  of  the  vestibular  branch  of  the  auditory  nerve  {Hdgyes),  In  chronic  gastric  catanli. 
a  tendency  to  giddiness  is  an  occasional  symptom  (Trousseau's  gastric  giddiness).  This  mtj 
perhaps  be  caused  by  stimulation  of  the  gastric  nerves  exciting  the  vaso-motor  nerves  of  the 
labyrinth,  which  must  affect  the  pressure  of  the  endolymph.  Analogous  giddiness  is  exched 
from  the  larynx  ( Charcot)  and  from  the  urethra  {ErUnmeyer), 

[Vertigo  or  giddiness  is  a  very  common  symptom  in  disease,  and  may  be  produced  by  a 
great  many  different  conditions.  It  literally  means  <*  a  turning."  As  Gowers  points  oat,  tite 
most  common  symptom  is  that  the  patient  himself  has  a  sense  of  movement  in  one  or  other 
direction  ;  or  objects  may  appear  to  move  before  him ;  and  more  rardy  there  is  actual  moremect 
"  commonly  in  the  same  direction  as  the  subjective  sense  of  movement."  It  is  sometimes  doe 
to  a  want  of  harmony  between  the  impressions  derived  from  diflereot  sense-oigans  or  ^  oootra- 
dictoriness  of  sensory  impressions  "  ( Grainger  Stewart\  as  is  sometimes  felt  on  ascending  or 
descending  a  stair,  or  by  some  persons  while  standing  on  a  high  tower,  coostitating  tower  or 
cliff  giddiness.  One  of  the  most  remarkable  conditions  is  that  called  *'  ac^oraphobia  "  {^Bnu- 
diktf  iVesiphal),  The  person  can  walk  quite  well  in  a  narrow  lane  or  street,  bot  whea  be 
attempts  to  cross  a  wide  square,  he  experiences  a  feeling  closely  allied  to  giddiness.  The  giddi- 
ness of  sea-sickness  is  proverbial,  while  some  persons  get  giddy  with  waltzing  or  swinging.  Be- 
sides occurring  in  Meniere's  disease,  it  sometimes  occurs  in  locomotor  ataxia,  and  some  cerebral 
and  cerebellar  affections,  including  cerebral  anaemia.  Very  distressing  giddiness  and  headache 
are  often  produced  by  paralysis  of  some  of  the  ocular  muscles,  e.  g.,  the  external  rectus,  L  e., 
ophthalmic  vertigo.  Defective  or  perverted  ocular  impressions,  as  well  as  similar  awUbvr 
impressions,  may  give  rise  to  vertigo ;  in  the  latter  or  labyrinthine  form  the  vertigo  may  be  very 
severe.  Severe  vertigo  is  often  accompanied  by  vomiting.  A  hard  plug  of  ear-wax  may  press 
on  the  membrana  tympani  and  cause  severe  giddiness.  Vertigo  depending  on  condieioDS  in  the 
ear  is  aural  vertigo.  The  forms  of  dyspeptic  giddiness  and  the  toxic  forms  due  to  the  abase  of 
alcohbl,  tobacco,  and  some  other  drugs  are  familiar  examples  of  this  condition.] 

[Tinnitus  Aurium,  or  subjective  noises  in  the  ear,  is  a  very  common  symptom  in  disease  of 
the  ear,  and  may  be  caused  by  very  varied  conditions;  the  noise  may  be  coniinooiis  or  <^ 
continuous,  be  buzzing,  singing,  or  rumbling  in  character.] 

351.  IX.  NERVU8  GL08S0-PHARYNGEUS.— Anatomical.— This  nerve  [figs 
51^1  9>  520)  arises  from  the  nucleus  of  the  same  name,  which  consists  partly  of  large  cells  (mociv 
and  partly  of  small  cells  (belonging  to  the  gustatory  fibres).  The  nucleus  lies  in  the  lower  half 
of  the  fourth  ventricle,  deep  in  the  medulla  oblonga,  near  the  olive  (6gs.  516,  520),  and  poste- 
riorly it  abuts  on  that  of  the  vagus.  The  anterior  part  of  the  central  nucleus  is  r^iarded  as  thu 
root  of  the  portio  intermedia  of  the  facial  ({  349).  The  nerve  also  receives  hbns  from  c^ 
vagal  centres.  The  fibres  collect  into  two  trunks,  which  afterward  unite  and  leave  the  medalb 
oblongata  in  front  of  the  vagus.  In  the  fossula  petrosa  it  has  on  it  the  petrous  gBngliotk,  fna 
which,  occasionally,  a  special  part  on  the  posterior  twig  is  separated  within  the  skoll,  as  the 
ganglion  of  Ehrenritter.  Communicating  branches  are  sent  from  the  petrous  ganglion  to  cbe 
trigeminus,  facial  (e  and  tt)  vagus  and  carotid  plexus.  From  this  ganglion  also  the  tympsai: 
nerve  (A)  ascends  vertically  in  the  tympanic  cavity,  where  it  unites  with  the  tympanic  p)<%ii3 
This  branch  (J  349,  4)  ^vcs' sensory  hbres  to  the  tympanic  cavity  and  the  Eustachian  tube: 
while,  in  the  dog,  it  also  carries  secretory  fibres  for  the  parotid  into  the  small  superficial  petroo^ 
nerve  (//eidenhain — J  ^45)' 

Functions. — i.  It  is  the  nerve  of  taste  for  the  posterior  third  of  tb« 
tongue,  the  lateral  part  of  the  soft  palate,  and  the  glosso-palatine  arch  (ohd- 
pare  §  422). 

The  nerve  of  taste  for  the  anterior  two-thirds  of  the  tongue  is  referred  to  under  the  lii^u- 
(3  347>  ^^h  4)  And  chorda  tympani  nerves  (J  349,  4).     The  glossal  branches  are  provided  vitt 
ganglia,  especially  where  the  nerve  divides  at  the  base  of  the  circumvallate  papiUae  {^cmsc 
Kolliker^  Stirling),     The  nerve  ends  in  the  circumvallate  papillae  (fig.  429,  U),  and  the  csJ 
organs  are  represented  by  the  taste  bulbs  (J  423). 

2.  It  is  the  sensory  nerve  for  the  posterior  third  of  the  tongtie,  the  ante- 
rior surface  of  the  epiglottis,  the  tonsils,  the  anterior  palatine  arch,  the  sort 
palate,  and  a  part  of  the  pharynx.  From  this  nerve  there  may  be  dischargei: 
reflexly  movements  of  the  palate  and  pharynx,  which  may  pass  into  those  0: 
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vomiting  (§  158).  These  fibres,  like  the  giistatory  fibres,  can  excite  a  reflex 
secretion  of  saliva  (§  145). 

3.  It  is  motor  for  the  stylo-pharyngeus  and  middle  constrictor  of  the 
pharynx  {Voikmann)\  and,  according  to  other  observers,  to  the  (?)  glosso- 
palatinus  (Hein)  and  the  (?  ?)  levator  veli  palatini  and  azygos  uvulae  (compare 
Spheno-paiatine  gangliofiy  §  347,  II).  It  is  doubtful  whether  the  glosso- pharyn- 
geal nerve  is  really  a  motor  nerve  at  its  origin — although  Meynert  and  others 
have  described  a  motor  nucleus— or  whether  the  motor  fibres  reach  the  nerve 
at  the  petrous  ganglion,  through  the  communicating  branch  from  the  facial. 

[4.  It  is  the  inhibitory  nerve  for  the  act  of  deglutition  (p.  278).] 

5.  A  twig  accompftnies  the  lingual  artery ;  this  nerve,  perhaps,  is  vaso-dilator  for  the  lingual 
blood-vessels. 

Pathological. — There  are  no  satisfactory  observations  on  man  of  uncomplicated  affections  of 
the  glosso-pharyngeal  nerve. 

352.  X.  NERVUS  VAGUS. — Anatomical. — The  nucleus  from  which  the  vagus  arises 
along  with  the  9th  and  nth  nerve  is  in  (i)  the  ala  cinerea  in  the  lower  half  of  the  calamus 
scriptorius  (fig.  516,  10)  [and  it  is  very  probably  the  representative  of  the  cells  of  the  vesicular 
column  of  Clarke  {I  3oi5)].  (2)  Other  fibres  come  from  the  ** longitudinal  bundle"  or 
**  respiratory  bundle  "  lying  outside  the  nucleus,  and  reaching  down  into  the  cervical  enlarge- 
ment. (3)  A  motor  nucleus — the  nucleus  ambiguus — a  prolongation  of  some  of  the  cells  of  ^ 
the  anterior  horn  of  the  spinal  cord,  gives  some  motor  fibres  (fig.  520).  It  leaves  the  medulla 
oblongata  by  10  to  15  threads  behind  the  9th  nerve,  between  the  divisions  of  the  lateral  column, 
and  has  a  ganglion  (jugular)  upon  it  in  the  jugular  foramen  (fig.  517,  VIII).  Its  branches 
contain  fibres  which  subserve  different  functions  [see  also  p.  771]. 

1.  The  sensory  meningeal  branch  from  the  jugular  ganglion  accompa- 
nies the  vaso-motor  fibres  of  the  sympathetic  on  the  middle  meningeal  artery, 
and  sends  fibres  to  the  occipital  and  transverse  sinus. 

When  it  is  irritated,  as  in  congestion  of  the  head  and  inflammation  of  the  dura  mater,  it  gives 
rise  to  vomiting, 

2.  The  auricular  branch  (fig.  523,  au,')  from  the  jugular  ganglion  receives 
a  communicating  branch  from  the  petrous  ganglion  of  the  9th  nerve,  traverses 
the  canaliculus  mastoideus,  crossing  the  course  of  the  facial,  with  which  it 
exchanges  fibres  whose  function  is  unknown.  On  its  course,  it  gives  sensory 
branches  to  the  posterior  part  of  the  auditory  meatus  and  the  adjoining  part  of 
the  outer  ear.  A  branch  runs  along  with  the  posterior  auricular  branch  of  the 
facial,  and  confers  sensibility  on  the  muscles. 

When  this  nerve  is  irritated,  either  through  inflammation  or  by  the  presence  of  foreign  bodies 
in  the  outer  ear  passage,  it  may  give  rise  to  vomiting.  Stimulation  of  the  deep  part  of  the 
external  auditory  meatus  in  the  region  supplied  by  the  auricular  branch  causes  coughing  reflexly 
\e.  g,^  from  the  presence  of  a  pea  in  the  ear].  Similarly,  contraction  of  the  blood-vessels  of  the 
ear  may  be  caused  reflexly  [Snellen,  Lavin). 

The  nerve  is  the  remainder  of  a  considerable  branch  of  the  vagus  which  exists  in  fishes  and 
the  larvae  of  frogs,  and  runs  under  the  skin  along  the  side  of  the  body. 

3.  The  connecting  branches  of  the  vagus  are  :  (i)  A  branch  which  di- 
rectly connects  the  petrous  ganglion  of  the  9th  with  the  jugular  ganglion  of 
the  loth;  its  function  is  unknown.  (2)  Directly  above  the  plexus  gangliifor- 
mis  vagi,  the  vagus  is  joined  by  the  whole  inner  half  of  the  spinal  accessory. 
This  nerve  conveys  to  the  vagus  the  motor  fibres  for  the  larynx,  and  the  cervi- 
cal part  of  the  oesophagus  (which  according  to  Steiner  lie  in  the  inner  part  of 
the  nerve-trunk),  as  well  as  the  inhibitory  fibres  for  the  heart  {CI.  Bernard), 
C3)  The  plexus  gangliiformis  fibres,  whose  function  is  unknown,  join  the  trunk 
of  the  vagus  from  the  hypoglossal,  superior  cervical  ganglion  of  the  sympathetic, 
and  the  cervical  plexus. 

4.  Pharyngeal  Plexus. — The  vagus  sends  one  or  two  branches  (fig. 
5  23,  2)  from  the  upper  part  of  the  plexus  gangliiformis  to  i\it  pharyngeal  plexus. 


Fig.  s»3. 

I.  Seieme  oflhi  distribution  6/ ike  vagus  and  acettsorius. — lo.  Exit  of  left  TUguftom  Ibi^ 
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where  at  the  level  of  the  middle  constrictor  of  the  pharynx,  it  is  joined  by  the 
pharyngeal  branches  of  the  9th  nerve  and  those  of  the  upper  cervical  sympa- 
/  thetic  ganglion,  near  the  ascending  pharyngeal  artery,  to  form  the  pharyngeal 
f,  plexus.  The  vagal  fibres  in  this  plexus  supply  the  three  constrictors  of  the 
pharynx  with  motor  fibres,  while  the  tensor  palati  (^Otic  ganglion,  §  347,  III) 
and  levator  of  the  soft  palate  (compare  Spheno-palatine  ganglion ,  §  347,  II)  also 
receive  motor  (?  sensory)  fibres.  Sensory  fibres  of  the  vagus  from  the  pharyn- 
geal plexus  supply  the  pharynx  from  the  part  beneath  the  soft  palate  down- 
wards. These  fibres  excite  the  pharyngeal  constrictors  reflexly,  during  the  act 
of  swallowing  (§156).  If  stimulated  very  strongly,  they  may  cause  vomiting. 
(The  sympathetic  fibres  of  the  oesophageal  plexus  give  vaso-motoV  nerves  to  the 
oesophageal  vessels;  for  the  oesophageal  branches  of  the  9th  nerve  see  above.) 

5.  The  vagus  supplies  two  branches  to  the  larynx,  the  superior  and  inferior 
laryngeal. 

{a)  The  superior  laryngeal  receives  vaso-motor  fibres  from  the  superior 
cervical  ganglion  of  the  sympathetic  (fig.  523,  3).     It  divides  into  two  branches, 
external  and  internal :  (i)  The  external  branch  receives  vaso-motor  fibres 
from  the  same  source  (they  accompany  the  superior  thyroid  artery),  and  sup- 
ply the  crico-thyroid  muscle  with  motor  fibres,  and  sensory  fibres  to  the 
^  lower  lateral  portion  of  the  laryngeal  mucous  membrane.     (2)  The  internal 
'  branch  gives  off  sensory  branches  only  to  the  glosso-epiglottidean  fold,  and  the 
\  adjoining  lateral  region  of  the  root  of  the  tongue,  the  aryepiglottidean  fold, 
and  to  the  whole  anterior  part  of  the  larynx,  except  the  part  supplied  by  the 
external  branch  (JLonget),     Stimulation  of  any  of  these  sensory  fibres  causes 
,  coughing  reflexly.     Coughing  is  produced  by  stimulation  of  the  boundaries 
of  the  glottis  respiratoria,  but  not  of  the  vocal  cords,  and  by  stimulation  of  the 
sensory  branches  of  the  vagus  to  the  tracheal  mucous  membrane,  especially  at 
the  bifurcation,  and  also   from   the  bronchial  mucous  membrane   (^Kohts). 
Coughing  is  also  caused  by  stimulation  of  the  auricular  branch  of  the  vagus, 
specially  in  the  deep  part  of  the  external  auditory  meatus,  of  the  pulmonary 
^tissue,  especially  when  altered  pathologically  ;  in  pathological  conditions  (in- 
iflammation)  of  the  pleura  (?  certain  changes  in  the  stomach  [stomach  cough]), 
of  the  liver  and  spleen  (fig.  165).     The  coughing  centre  is  said  to  lie  on 
each  side  of  the  raphe,  in  the  neighborhood  of  the  ala  cinerea  (^Kohts).     Cases 
of  violent  coughing  may,  owing  to  stimulation  of  the  pharynx,  be  accom- 
jpanied  by  vomiting  as  an  associated  movement  (§  120). 

^    In  many  iDdividnals,  coughing  can  be  excited  by  stimulation  of  distant  sensory  nerves 

(J  120,  I^,  ^.  ^.,  from  the  outer  ear  (auricular  nerve),  nasal  mucous  membrane,  liver,  spleen, 

I  stomach,  mtestine,  uterus,  mammae,  ovaries,  and  even  from  certain  cutaneous  areas  (Ebstein). 

[it  is  uncertain  if  these  conditions  act  directly  upon  the  coughing  centre,  or  first  of  all  affect  the 

10^,  right  vagus;  9,  glosso-pharyngeal ;  7,  facial;  I,  deep  post-auricular  from  the  facial; 
2,  pharyngeal  branches  of  vagus ;  6,  pharyngeal  branch  of  the  glosso-pharyngeal ;  3, 
superior  laryngeal,  with  its  anastomoses, y^  with  the  sympathetic  and  its  division,  4,  into 
its  internal, V,  and  external  branches,  e\  5,  inferior  or  recurrent  laryngeal;  <im.,  auricular 
branch  of  vagus.  Cardiac  nerves  :  g,  cardiac  branches  from  the  vagus  and  superior  laryn- 
geal ;  1,  h^  the  three  cardiac  branches  from  the  upper,  g,  middle,  Xy  and  lower,  y^  cervical 
ganglion  of  the  sympathetic ;  k^  ring  of  Vieussens ;  /,  cardiac  branch  from  the  recurrent 
kryngeal ;  Z,  lung  with  the  anterior  and  posterior  pulmonary  plexuses ;  r,  oesophageal 
plexus ;  ooy  gastric  branches,  and  near  them  the  hepatic  branches,  n ;  m,  coeliac  plexus ; 
\  ky  splanchnic  entering  former;  11,  accessory  nerve  sending  its  inner  branch  into  the 
gangliform  plexus  of  Uie  vagus — its  outer  branch,  ac,  supplies  the  stemo-mastoid,  St  and 
tf^j,  and  the  trapezius,  Cc\  O,  external  auditory  meatus;  Oh^  hyoid  bone;  K,  thyroid 
cartilage;  T,  trachea;  H,  heart;  /',  pulmonary  artery;  A  A^  aorta;  ^,  right  carotid; 
^p  left  carotid;  s  and  5j, right  and  left  subclavian  artery;  Z  Z,  diaphragm ;  N,  kidney;  Nn^ 
suprarenal  capsule;  Af^  stomach;  m^  spleen;  Z  Z,  lung  and  liver.  11.  Scheme  of  (he 
course  of  the  depressor  and  accelerans  in  the  cat. 
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vascularization  and  secretion  of  the  respiratory  organs,  which  in  their  turn  affect  the  coB^bci| 
centre. 

The  cough  (dog,  cat)  caused  by  stimulation  of  the  trachea,  and  bronchi  occurs  at  ODCt,&d 
lasts  as  long  as  the  stimulus  lasts;  in  stimulation  of  the  larynx,  the  fint  effect  is  inhSiboBtf' 
the  respiration  accompanied  by  movements  of  deglutition,  while  the  coogh  occurs  after  tk 
cessation  of  the  stimulation  {^JCandarazky), 

The  superior  laryngeal  contains  afferent  fibres  which,  when  stimulated, 
cause  arrest  of  the  respiration  and  closure  of  the  rima  glottidis  {Rmnikl 
— see  Respiratory  centre ^  §  368),  and  fibres  which  discharge  movements  of 
deglutition,  (p.  277).  Lastly,  fibres  which  are  efferent  and  serve  to  excite 
the  vaso-motor  centre,  and  are  in  fact  '*  pressor  fibres" — (see  Vaio-m^f 

centre,  §  371,  ll). 

(J>)  The  inferior  laryngeal  or  recurrent  nerve  bends  on  the  left  side 
around  the  arch  of  the  aorta,  and  on  the  right  around  the  subclavian  arterr. 
and  ascends  in  the  groove  between  the  trachea  and  oesophagus,  giving  mekr 
fibres  to  these  organs,  and  the  lower  constrictors  of  the  pharynx,  and  passes  to 
the  larynx,  to  supply  motor  fibres  to  all  its  muscles,  except  the  crico-thjroid 
It  also  has  an  inhibitory  action  upon  the  respiratory  centre  (see  §  368). 

A  connecting  branch  runs  from  the  superior  laryngeal  to  the  inferior  (the  sna<imtw  d 
Galen),  which  occasionally  gives  off  sensory  branches  to  the  upper  half  of  the  trachea  (soDCtae 
to  the  larynx  ?) ;  perhaps  abo  to  the  oesophagos  (Longet)^  and  sensory  6bres  (?)  for  the  bbscxs 
of  tl^  larynx  supplied  by  the  recurrent  laryngeal.  According  to  Francois  Fraock,  scuorj  ftn 
pass  by  this  anastomosis  from  the  recurrent  into  the  superior  laryngeal.  According  to  WtQerud 
Burckhard,  the  motor  fibres  of  both  laryngeal  nerves  are  all  derived  from  the  sccokibs: 
while  Chauveau  maintains  that  the  crico-thyroid  is  an  exception. 

Stimulation  of  the  superior  laryngeal  is  painful,  and  causes  contiactioc 
of  the  crico-thyroid  muscle  (while  the  other  laryngeal  muscles  contract  r^/fexfr]. 
Section  of  both  nerves,  owing  to  paralysis  of  the  crico-thyroids,  causes  sligti: 
slowing  of  the  respirations  {Sk/areA).  In  dogs,  the  voice  becomes  deeper  and 
hoarser,  owing  to  diminished  tension  of  the  vocal  cords  {Longet).  The  laryni 
becomes  insensible,  so  that  saliva  and  particles  of  food  pass  into  the  trachea  tx 
lungs,  without  causing  reflex  contraction  of  the  glottis  or  coughing.  This  ex- 
cites 'traumatic  pneumonia,''  which  results  in  death.  Unilateral  sections 
followed  by  unilateral  atrophy  of  the  laryngeal  muscles  (p.  655). 

Stimulation  of  the  recurrent  nerves  causes  spasm  of  the  glottis.  Sec- 
tion of  these  nerves  paralyzes  the  laryngeal  muscles  supplied  by  them,  the  im 
becomes  husky  and  hoarse  (in  the  pig — Galen,  Riolan,  161 8)  in  man,  dog. 
and  cat ;  while  rabbits  retain  their  shrill  cry.  The  glottis  is  small,  with  c^ 
inspiration  the  vocal  cords  approximate  considerably  at  their  anterior  parts, 
while  during  expiration  they  are  relaxed  and  are  separated  from  each  other. 
Hence,  the  inspiration,  especially  in  young  individuals  whose  glottis  respjia^ 
toria  is  narrow,  is  difficult  and  noisy  \Legallois)  \  while  the  expiration  takes 
place  easily.  After  a  few  days,  the  animal  (carnivore)  becomes  more  qoiet,  :t 
respires  with  less  effort,  and  the  passive  vibratory  movements  of  the  vocal  catis 
become  less.  Even  after  a  considerable  interval,  if  the  animal  be  excited,  it  <^ 
attacked  with  severe  dyspnoea,  which  disappears  only  when  the  animal  has  b^ 
come  quiet  again.  Owing  to  paralysis  of  the  laryngeal  muscles,  foreign  bodK* 
are  apt  to  enter  the  trachea,  while  the  paralysis  renders  difficult  the  first  parted 
the  process  of  swallowing  in  the  oesophageal  region.  Broncho-pneumonia  naj 
be  produced.     [Effect  of  ether,  see  p.  681.] 

6.  The  depressor  nerve,  which  in  the  rabbit  arises  by  one  branch  it^ 
the  superior  laryngeal,  and  usually  also  by  a  second  root  from  the  trunk  of  tbc 
vagus  itself  [runs  down  the  neck  in  cfose  relation  with  the  vagus,  sympatbctk. 
and  carotid  artery,  enters  the  thorax],  and  joins  the  cflrdiac  plexus  (fig.  5*4f  ^, 
It  is  an  afferent  nerve,  and  when  its  central  ^n^  is  stimulated  [provided  bo(- 
vagi  be  divided],  it  diminishes  the  energy  of  the  vaso-motor  centre,  and  ti» 
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causes  a  fall  of  the  blood-pressure  (hence  the  name  given  to  it  by  Cyon  and 
Ludwig,  §  371,  II).  At  the  same  time  [if  the  vagus  on  the  opposite  side  be 
intact],  its  stimulation  affects  the  cardio-inhibitory  centre^  and  thus  reflexly 
diminishes  the  number  of  heart-beats.  [Its  stimulation  also  gives  rise  to  pain, 
so  that  it  is  the  sensory  nerve  of  the  heart.  If  in  a  rabbit  the  vagi  be  divided 
in  the  middle  of  the  neck,  and  the  central  end  of  the  depressor  nerve,  which 
is  the  smallest  of  the  three  nerves  near  the  carotid,  be  stimulated,  after  a  short 
time  there  is  no  alteration  of  the  heart-beats,  but  there  is  steady  fall  of  the 
blood-pressure  (fig.  119),  which  is  due  to  a  reflex  inhibition  of  the  vaso-motor 
centre,  resulting  in  a  dilatation  of  the  blood-vessels  of  the  abdomen.  Of 
course,  if  the  vagi  be  intact,  there  is  a  reflex  inhibitory  effect  on  the  heart.  It 
is  doubtful  if  the  depressor  comes  into  action  when  the  heart  is  over-distended. 
If  it  did,  of  course  the  blood-pressure  would  be  reduced  ])y  the  reflex  dilatation 
of  the  abdominal  blood-vessels.] 

The  depfeasor  nerve  is  present  in  the  cat  ({  370),  hedgehog  (Auderf,  Rdver)^  xwX  and  mouse ; 
in  the  horse  and  io  man,  fibres  analcgoiis  to  the  depressor  re-enter  the  trunk  of  the  vagus 
[Bemhartii^  Kreidmann),  Depressor  fibres  are  also  found  in  the  rabbit  in  the  trunk  of  the  vagus 
[Dreschfeldt,  Sielling), 

7.  Tne  cardiac  branches  (fig.  523,^,  /),  as  well  as  the  cardiac  plexus, 
have  been  described  in  §  57.  These  nerves  contain  the 
inhibitory  fibres  for  the  heart  (fig.  524,  ic — cardio- 
inhibitory — Edward  Weber ^  November,  1845;  ^^^g^t 
independently  in  May,  1846),  also  sensory  fibres  for 
the  heart  [in  the  frog  {Budge),  and  partly  in  mammals 
[Goliz)\  Lastly,  in  some  animab  the  heart  receives  some 
)f  the  accelerating  fibres  through  the  trunk  of  the  vagus. 
Feeble  stimulation  of  the  vagus  occasionally  causes  accel- 
jration  of  the  beats  of  the  heart  (JSchiff),  [This  occurs 
vhen  the  vagus  contains  accelerator  fibres.]  In  an  animal 
x)isoned  with  nicotin,  or  atropin,  which  paralyzes  the  in- 
nbitory  fibres  of  the  vagus,  stimulation  of  the  vagus  is 
bllowed  by  acceleration  of  the  heart-beats  (Schiff, 
sckmiedeberg\  [owing  to  the  unopposed  action  of  any 
iccelerated  fibres  that  may  be  present  in  the  nerve,  e,  g,, 
•f  the  frog]. 

8.  The  pulmonary  branches  of  the  vagus  join  the 
nterior  and  posterior  pulmonary  plexuses.  The  anterior  ^ 
mlmonary  plexus  gives  sensory  and  motor  fibres  to 
he  trachea,  and  runs  on  the  anterior  surface  of  the  branches 
/  the  bronchi  into  the  lungs  (Z).  The  posterior  plexus 
;  formed  by  three  to  five  large  branches  from  the  vagus,  near 
be  bifurcation  of  the  trachea,  together  with  branches 
rem  the  lowest  cervical  ganglion  of  the  sympathetic  and 
bres  from  the  cardiac  plexus.  [It  also  receives  fibres  from 
le  second,  third,  and  fourth  thoracic  ganglia  of  the  sym- 
athetic ;  and  through  the  latter  channels  the  vaso-con- 
rictor  fibres  reach  the  blood-vessels  of  the  lung  (§  371).] 
he  plexuses  of  opposite  sides  exchange  fibres,  and  branches 
re  given  off  which  accompany  the  bronchi  in  the  lungs. 
ranglia  occur  in  the  course  of  the  pulmonary  branches 
I  the  frog  {Arnold,  W,  Stirling)  [newt —  W.  Stirling;  and 
I  mammals  {JRemak,  Egaraw,  W.  Stirling)],  in  the  larynx 
Cock,  W,  Stirling],  in  the  trachea  and  bronchi  \^IV,  Stir- 
ng,  JCandarazki],  Branches  proceed  from  the  pulmonary 
lexus  to  the  pericardium  and  the  superior  vena  cava  {Luschka,  Zuckerkandl), 
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Fig-  524. 
Scheme  of  the  cardiac 
nerves  in  the  rabbit. 
P,  pons ;  M ,  medulla 
oblongata;  Vag, 
vagus;  SL,  superior, 
IL,  inferior  laryngeal ; 
sc,  superior  cardiac  or 
depressor ;  fV,  inferior 
cardiac  or  cardio-in* 
hibitory ;  H,  heart. 
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The  functions  of  the  pulmonary  branches  of  the  vagus  are — (i)  they 
supply  motor  branches  to  the  smooth  muscles  of  the  whole  bronchial  system 
(§  106)  ;  (2)  they  supply  a  small  part  of  the  vaso-motor  nerves  of  the  pul- 
monary vessels  (?)  (Schiff),  but  by  far  the  largest  number  of  these  nerves  (?  all) 
is  supplied  from  the  connection  with  the  sympathetic  (in  animals  from  the 
upper  dorsal  ganglion) — (J^ase  and  Bradford^%  371,  A.  Fick^  Badtmd,  Lick- 
theini)  \  (3)  they  supply  sensory  (cough  exciting)  fibres  to  the  whole  bronchia] 
system  and  to  the  lungs  \  (4)  they  give  afferent  fibres,  which,  when  stimu- 
lated,  diminish  the  activity  of  the  vaso-motor  centre^  and  thus  cause  a  fall  of  the 
blood -pressure  during  forced  expiration ;  (5)  similar  fibres  which  act  upon  the 
inhibitory  centre  of  the  heart,  and  so  influence  it  as  to  accelerate  the  p^ls^ 
beats  (§  369,  II).  Simultaneous  stimulation  of  4  and  5  alters  the  pulse  rhythra 
{Sommerbrodt) ',  (6)  Jthey  also  contain  afferent  fibres  from  the  pulroonanr 
parenchyma  to  the  medulla  oblon^^ata,  which  stimulate  the  respiratory  centre. 
[Theise  fibres  are  continually  in  action],  and  consequently  section  of  both  vagi 
IS  followed  by  diminution  of  the  number  of  respirations ;  the  respirations  be- 
come at  the  same  time  deeper,  while  the  same  volume  of  air  is  changed 
(  Valentin),  Stimulation  of  the  central  end  of  the  vagus  again  accelerates  the 
respirations  {Traube,  /.  Rosenthal),  Thus,  labored  and  difficult  respiration 
is  explained  by  the  fact  that  the  influences  conveyed  by  these  fibres  which  excite 
the  respiratory  centre  reflexly  are  cut  off" ;  so  it  is  evident  that  centripetal  or 
afferent  impulses  proceeding  upwards  in  the  vagus  are  intimately  concerned  in 
maintaining  normal  reflex  respiration  ;  after  these  nerves  are  divided,  conditions 
exciting  the  respiratory  movements  must  originate  directly^  especially  in  the 
medulla  oblongata  itself  (§  368). 

Pneumonia  after  Section  of  both  Vagi. — The  inflammation  which  follows  section  of  bod 
vas;i  has  attracted  the  attention  of  many  observers  since  the  time  of  Valsalva,  Morgagni  (1740  . 
and  Legallois  (1812).     In  attempting  to  explain  this  phenomenon,  we  nrast  bear  in  mind  the 
following  considerations  :    (a)  Section  of  both  vagi  is  followed  by  loss  of  motor  power  ia  tl» 
muscles  of  the  larynx,  as  well  as  the  sensibility  of  the  larynx,  trachea,  broDchi,  aod  the  lop. 
provided  the  section  be  made  above  the  origin  of  the  superior  laryngeal  nerves.     Hence,  the 
glottis  is  not  closed  during  swallowing,  nor  is  it  closed  reflexly  when  foreign  bodies  (svit&. 
[articles  of  food,  irrespirable  gases)  enter  the  respiratory  passages.   Even  the  reflex  act  of  cm^k^ 
ingy  which,  under  ordinary  circumstances,  would  get  rid  of  the  offending  bodies,  is  ahoKshfri. 
Thus,  foreign  bodies  may  readily  enter  the  lungs,  and  this  is  favored  by  the  fact  that,  oviog  ri 
the  simultaneous  paralysis  of  the  oesophagus,  the  food  remains  in  the  latter  for  a  time,  fst 
may  therefore  easily  enter  the  larynx.     That  this  constitutes  one  important  £&ctor  was  proivcu 
by  Traube,  who  found  that  the  pneumonia  was  prevented  when  he  caused  the  animab  to  resfct 
by  means  of  a  tube  inserted  into  the  trachea  through  an  aperture  in  the  neck.     If,  on  the  occ- 
trary,  only  the  motor  rec\irrent  nerves  were  divided  and  the  cesophagus  ligatured,  so  thcz  ti 
the  process  of  attempting  to  swallow,  food  must  necessarily  enter  die  resphmtory  passajo. 
**  traumatic  pneumonia"  was  the  invariable  result  (Traude,  O.  Frey\     (b^  A  second  \ii^ 
depends  on  the  circumstance  that,  owing  to  the  labored  and  difficult  respirauon,  the  b»p 
become  surcharged  with  bloody  because  during  the  long  time  that  the  thorax  is  disiended,  cbe 
pressure  of  the  air  within  the  lungs  is  abnormally  low.   This  condition  of  congestion,  or  aboonns.' 
filling  of  the  pulmonary  vessels  with  blood,  is  followed  by  serous  exudation  (palmonary  cedesa 
and  even  by  exudation  of  blood  and  the  formation  of  pus  in  the  air-vesicles  i^ir^).     This  saee 
circumstance  favors  the  entrance  of  fluids  through  the  glottis  ({  352,  b).     The  introdactioc  f 
a  trachea  cannula  will  prevent  the  entrance  of  fluids  and  the  occurrence  of  inflammatioB.    i* 
is  probable  that  a  partial  paralysis  of  the  pulmonary  vaso-motor  nerves  may  be  concerned  ia  tbf 
inflammation,  as  this  conduces  to  an  engorgement  of  the  pulmonary  capillaries,     (i-)  VaA.^ 
it  is  of  consequence  to  determine  whether  trophic  fibres  are  present  in  the  vagus,  which  tv 
influence  the  normal   condition  of  the  pulmonary  tissues.      According  to    Michadson.  tU 
pneumonia  which  takes  place  immediately  after  section  of  the  vagi  occurs  especially  in  the  lo*^ 
and  middle  lobes ;    the  pneumonia  which  follows  section  of  the  recunrents  occurs  more ii^-" 
and  causes  catarrhal  inflammation,  especially  in  the  upper  lobes.     Rabbits,  as  a  rule,  die  v;tb 
twenty-four  hours,  with  all  the  symptopns  of  pneumonia;  when  the  above  mentioned  prectdboa 
are  taken,  they  may  live  for  several  days.     Dogs  may  live  for  a  long  time.    If  the  9th,  loch.  a^ 
1 2th  nerves  be  torn  out  on  one  side  in  a  rabbit,  death  takes  place  from  pneumonia  ( (7rif«ii^*i^ 
In  birds,  bilateral  section  of  the  vagi  is  not  followed  by  pneumonia  (BlainvilU,  BiV**  - 
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)e€ausc  the  upper  larynx  remains  capable  of  closing  firmly — death  takes  place  in  eight  to  ten  days 
irith  the  symptoms  of  inaniiion  (Eindrodt^  Zander,  v.  Anrep),  while  the  heart  undergoes  fatty 
legeneration  {Eichhorst),  and  so  do  the  liver,  stomach,  and  muscles  (t/.  Anrep).  According 
o  Wassilieflf,  the  heart  shows  cloudy  swelling  and  slight  wax-like  degeneration.  Progs,  which 
It  every  respiration  open  the  glottis,  and  close  it  during  the  pause,  die  of  asphyxia.  Section  of 
he  palmonary  branches  has  no  injurious  effect  (Bidder).  [Unilateral  section  of  the  vagus  in 
abbits  is  followed  within  forty-eight  hours  by  the  appearance  of  yellowish-white  spots  on  the 
nyocardium,  especially  near  the  interventricular  septum,  on  the  papillary  muscles,  and  along  the 
urrows  for  the  coronary  arteries.  The  muscular  fibroi  exhibit  retrogressive  changes,  whereby 
heir  stride  disappear ;  they  become  swollen  up  and  filled  with  albuminous  granules.  After  eight 
o  ten  days,  the  interstitial  tissue  of  these  foci  becomes  infiltrated  with  small  round  grranular 
:ells,  especially  near  the  blood-vessels.  At  a  later  stage  the  interstitial  connective-tissue  increases 
n  amount,  and  the  muscle  atrophies.  No  effect  is  produced  by  section  of  the  depressor  or 
ympathetk,  and  Fantino  concludes  that  some  of  the  fibres  of  the  vagus  exert  a  trophic  action 
«  the  myocardium.] 

9.  The  oesophageal  plexus  (fig.  ^24,  r)  is  formed  principally  by  branches 
Tom  the  vagus  above  the  inferior  laryngeal,  from  the  pulmonary  plexus,  and 
)elow  from  the  trunk  itself.  This  plexus  supplies  the  oesophagus  with  motor 
x)wer  (§  156),  the  sensibility  which  is  present  only  in  the  upper  part,  and  it 
ilso  supplies  fibres  capable  of  exciting  reflex  actions. 

10.  The  gastric  plexus  {00)  consists  of  (a)  the  anterior  (left)  termination 
)f  the  vagus,  which  supplies  fibres  to  the  oesophagus  and  courses  along  the  small 
:urvature,  and  sends  a  few  fibres  through  the  portal  fissure  into  the  liver ;  (^) 
:he  posterior  (right)  vagus,  after  giving  off  a  few  fibres  to  the  oesophagus,  takes 
[MUt  in  the  formation  of  the  gastric  plexus  to  which  {c)  sympathetic  fibres  are 
idded  at  the  pylorus.  Section  of  the  vagi  is  followed  by  hypersemia  of  the 
j^astric  mucous  membrane  {Panum^  Pincus)^  but  it  does  not  interfere  with 
digestion  {Bidder  and  Schmidt)  ^  even  when  it  is  performed  at  the  cardia 
[KritsleTf  Schiff). 

After  bilateral  section  of  the  vagi  below  the  diaphragm,  the  animal  loses  flesh,  and  after  three 
Dooths  or  so  there  are  inflammatory  changes  in  the  gastric  mucous  membrane  and  pericellular 
)rohferat]on  in  the  liver  and  kidneys,  and  ultimately  death  takes  place. 

11.  About  two-thirds  of  the  n^ii/ vagus  on  the  stomach  joins  the  coeliac 
;>lexus  (jn)  and  from  it  branches  accompany  the  arteries  to  the  liver,  spleen, 
pancreas,  duodenum,  kidneys,  and  suprarenal  capsules.  The  vagus  supplies  motor 
ibres  to  the  stomach,  which  belong  to  the  root  of  the  vagus  itself  and  not  to 
he  accessorius  {Stiiiing^  Bischoff),  The  gastric  branches  also  contain  afferent 
ibres,  which,  when  stimulated,  cause  reftexly  a  secretion  of  saliva  (§  145).  It 
s  undetermined  whether  they  also  cause  vomiting.  (For  the  effect  of  the 
^agus  upon  the  movements  of  the  intestine  see  §  161).  According  to 
ome  observers,  stimulation  of  the  vagus  is  followed  by  movement  of  the  large 
IS  well  as  of  the  small  intestine  {Stillingy  Kupffer^  C,  Ludwig^  Remak).  Stimu- 
ation  of  the  peripheral qvi  A  of  the  vagus  causes  contraction  of  the  smooth  muscular 
ibres  in  the  capsulae  and  trabeculae  of  the  spleen  (in  the  rabbit  and  dog,  §  103). 
stimulation  of  the  vagus  at  the  cardia  causes  increase  in  the  secretion  of  urine 
vith  dilatation  of  the  renal  vessels,  while  the  blood  of  the  renal  vein  becomes 
nore  arterial  (C/.  Bernard).  According  to  Rossbach  and  Quellhorst,  a  few 
laso-motor  fibres  are  supplied  by  the  vagus  to  the  abdominal  organs,  whilst 
he  greatest  number  comes  from  the  splanchnic. 

12.  Reflex  Effects  discharged  from  the  Vagus. — The  vagus  and  its 
)ranches  contain  fibres,  some  of  which  have  been  referred  to  already,  which  act 
'eflexfy  (afferent)  upon  certain  nervous  mechanisms, 

(a)  On  the  vaso-motor  centre  there  act  (a)  pressor  fibres  (especially  in 
)oth  laryngeal  nerves)  whose  stimulation  is  followed  by  a  reflex  contraction  of 
he  arterial  blood -channels,  and  thus  cause  a  rise  of  the  blood-pressure ;  (fi) 
lepressor  fibres  (in  the  depressor  or  the  vagus  itself),  which  have  exactly  an 
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opposite  effect.  (This  subject  is  specially  referred  to  under  the  head  of  the 
Vaso-moior  nen^e-centre^  §  371.) 

(Ji)  On  the  respiratory  centre  there  act  (a)  fibres  (pulmonary  branches' 
whose  stimulation  is  followed  by  acceleration  of  the  respiration ;  and  (p) 
inhibitory  fibres  (in  both  laryngeals),  whose  stimulation  is  followed  by  slowing 
or  arrest  of  the  respiration.     (See  Respiratory  centre ^  §  368.) 

{c)  On  the  cardio-inhibitory  system. — [When  the  central  end  of  one 
vagus  is  stimulated,  provided  the  other  vagus  is  mtact,  the  heart  may  be  arrested 
refiexly  in  the  diastolic  phase.]  Mayer  and  Pribram  observed  that  sudden 
distention  of  the  stomach  caused  slowing  and  even  arrest  of  the  heart,  while, 
at  the  same  time,  there  was  contraction  of  the  arteries  of  the  medulla  oblongau 
and  increase  of  the  blood -pressure. 

(</)  On  the  vomiting  centre. — This  centre  may  be  affected  by  stimulation  of  ther/ii/r«/ai 
of  the  vagus,  and,  as  already  mentioned,  by  stimulation  of  many  afferent   fibres  in  the  vt^u 

(i  «S8). 

[e)  On  the  pancreatic  secretion. — Stimulation  of  the  central  end  of  the  Tagns  b  follovcd 
by  arrest  of  this  secretion  (§  171). 

(y* )  According  to  CI.  Bernard,'  there  are  fibres  present  in  the  pulmonary  nerves,  wbidi,  wb« 
they  are  stimulated,  increase  refiexly  the  formation  of  sugar  in  the  liver,  perhaps  ifarofigb 
the  hepatic  branches  of  the  vaf^us. 

Unequal  Excitability  of  the  Branches  of  the  Vagus. — The  various  branches  of  the  vagus 
are  not  all  endowed  with  the  same  degree  of  excUabiltty.  If  the  periphtral  end  of  the  t^ 
be  stimulated  first  of  all  with  a  weak  stimulus,  the  laryngeal  muscles  are  first  affeaed,  and  afo^?- 
wards  the  heart  is  slowed  {^Rutherford).  If  the  central  end  be  stimulated  with  feeble  stiiinOu 
the  '*  excito-respiralory  "  fibres  are  exhausted  before  the  "  inhibito-respiratory  *'  {^BuTkaTi]. 
According  to  Steiner,  the  various  fibres  are  so  arranged  in  ihe  vagus  that  the  afferent  fibfcs  U 
in  the  outer,  and  the  efferent  in  the  inner,  half  of  the  trunk,  in  ihe  cervical  regioo. 

Pathological. — Stimulation  or  paralysis  in  the  area  of  the  vagus  must  necessarily  pcesrot  1 
very  different  picture  according  as  the  affection  is  referred  to  the  whole  trunk  or  only  to  soae 
of  its  branches,  or  whether  the  affection  is  unilateral  or  bilateral.  Paralysis  of  the  phaiynx 
and  oesophagus,  which  is  usually  of  central  or  intracranial  origin,  interferes  with  or  aboltsbes 
deglutition,  so  that  when  the  oesophagus  becomes  filled  with  food  there  is  difficulty  of  brettlBQ^. 
and  the  food  may  even  pass  into  the  nasal  cavities.  A  peculiar  sonorous  gurgling  is  cccasiooaflT 
heard  in  the  relaxed  canal  (deglutatio  sonora).  In  incomplete  paralysis,  the  act  of  degic 
tition  is  delayed  and  rendered  more  difficult,  while  large  masses  are  swallowed  more  easily  mis. 
small  ones.  Increased  contraction  and  spasmodic  stricture  of  the  oesophagus  are  referred  10 
under  the  phenomena  of  general  nervous  excitability  (J  186). 

Spasm  of  the  lar3mgeal  muscles  causes  spasmodic  closure  of  the  glottis  {Spmswmi  gke- 
tidis).  This  condition  is  most  apt  to  occur  in  children,  and  takes  place  in  parozysnis,  «ki 
symptoms  of  dyspnoea  and  crowing  inspiration ;  if  the  case  be  very  severe,  there  may  be  aas- 
cular  contractions  (of  the  eye,  jaw,  digits,  etc.).  The  symptoms  are  very  probably  doe  to  ik 
reflex  spasms  which  may  be  discharged  from  the  sensory  nerves  of  several  areas  (teeth,  intetfiae, 
skin).  The  impulse  is  conducted  along  the  seni^ory  nerves  proceeding  from  these  areas  to  ibc 
medulla  oblongata,  where  it  causes  the  discharge  of  the.refiex  mechanism  which  prodncs  t^ 
above-mentioned  results.  There  may  be  spasm  of  the  dilators  of  the  glottis  and  other  krya^ 
muscles  (Frdntzel). 

Stimulation  of  the  sensory  nerves  of  the  larynx,  as  is  well  known,  produces  congbjnf. 
If  the  stimulation  be  very  intense,  as  in  whooping  cough,  the  fibres  Ijring  in  the  laryngeal  oerKS. 
which  inhibit  the  respiratory  centre,  may  also  be  stimulated ;  the  number  of  respiradons  is 
diminished,  and  ultimately  the  respiration  ceases,  the  diaphragm  being  relaxed  ;  while,  with  tW 
roost  intense  stimulation,  there  may  be  spasmodic  expiratory  arrest  of  the  respiration  with  dos^ 
of  the  glottis,  which  may  last  for  fifteen  seconds.  Paralysis  of  the  laryngeal  ntrves^  vyck 
causes  disturbances  of  speech^  has  been  referred  to  ip  {  313.  In  bilateral  paralysis  eftki  rtitr^ 
rent  nerves^  in  consequence  of  tension  upon  them  due  to  dilatation  of  the  aorta  and  the  ssb* 
clavian  artery,  a  considerable  amount  of  air  is  breathed  out,  owing  to  the  futile  efibfts  wbi^  tk 
patient  makes  in  trying  to  speak;  expectoration  is  more  difficult,  while  violent  coagko^  '& 
impossible  (v.  Ziemssen).  Attacks  of  dyspnoea  occur  just  as  in  animals,  if  the  peneoa  BBkes 
violent  efforts.  Some  observers  (Salter^  Bergson)  have  referred  the  paroxysms  of  bctkcs 
asthma,  which  last  for  a  quarter  of  an  hour  or  more,  and  constitute  asthma  br^mch*^,  t) 
stimulation  of  the  pulmonary  plexus,  causing  spasmodic  contraction  of  the  bronchial  mos^U 
106).  Physical  investigation  during  the  paroxysms  reveals  nothing  but  the  existence  of  tone 
rhonchi  (J  1 17).     If  this  condition  is  really  spasmodic  in  its  nature  (?  of  the  vessels),  it  Baa  ^ 
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nsaally  of  a  reflex  character;  the  afferent  nerves  may  be  those  of  the  lung,  skin,  or  genitals  (in 
hysteria).  Perhaps,  however,  it  is  due  to  a  temporary  paralysis  of  the  pulmonary  nerves 
(afferent),  which  excite  the  respiratory  centre  (excito-respiratory). 

Stimulation  of  the  cardiac  branches  of  the  vagus  may  cause  attacks  of  temporary  suspension 
of  the  cardiac  contractions,  which  are  accompanied  by  a  feeling  of  great  depression  and  of 
impending  dissolution,  with  occasionally  pain  in  the  region  of  the  heart.  Attacks  of  this  sort 
may  be  produced  reflexly^  ^.^.,  by  stimulation  or  irritation  of  the  abdominal  organs  (as  in  the 
experiment  of  Goltz  of  tapping  the  intestines,  \  369,  II).  Hennoch  and  Silbermarn  observed 
slowing  of  the  action  of  the  heart  in  children  suffering  from  gastric  irritation.  Similarly,  the 
respiration  may  be  affected  reflexly  through  the  vagus,  a  condition  described  by  liennoch  as 
asthma  dyspepticum.  In  cases  of  intermittent  paralysis  of  the  cardiac  branches  of  the  vagus, 
we  rarely  find  acceleration  of  the  pulse  above  160  {Riegel)^  2co  {^Tuczek^  L.  Lander);  even 
240  pulse-beats  per  minute  have  been  recorded  {Kupperi)^  and  in  such  cases  the  beats  vary 
much  in  rhythm  and  force,  and  they  are  very  irregular.  These  cases  require  to  be  more  minutely 
analyzed,  as  it  is  not  clear  how  much  is  due  to  paralysis  of  the  vagus  and  how  much  to  the 
action  of  the  accelerating  mechanism  of  the  heart.  Little  is  known  of  affections  of  the  intra- 
abdominal fibres  of  the  vagus.  It  seems  that  the  sensory  branches  of  the  stomach  do  not  come 
from  the  vagus.  If  the  trunk  of  the  vagus  or  its  centre  be  {xtralyzed,  there  are  labored,  deep, 
slow  respirations,  such  as  follow  the  section  of  both  vagi  (Gutttnann), 

353.  XI.  NERVUS  ACCESSORIUS  WILLISII.— Anatomical.— This  nerve  arises 
by  two  completely  separate  roots ;  one  from  the  accessorius  nucleus  of  the  medulla  oblongata 
(6g.  516,  II),  which  is  connected  with  the  vagus  nucleus;  while  the  o/Aer  root  arises  between 
the  anterior  and  posterior  nerve-roots  from  the  spinal  cord,  usually  between  the  5th  and  6th 
cervical  vertebrae  (6g.  520).  In  the  spinal  cord  its  fibres  can  be  traced  to  an  elongated  nucleus 
lying  on  the  outer  side  of  the  anterior  comu,  as  far  downwards  as  the  5th  cervical  vertebra. 
Near  the  jugular  foramen  both  portions  come  together,  but  do  not  exchange  fibres  (//oil);  both 
roots  afterwards  separate  from  each  other  to  form  two  distinct  branches,  the  anterior  {inner), 
which  arises  from  the  medulla  oblongata,  passing  en  masse  into  the  plexus  gangliiformis  vagi. 
This  branch  supplies  the  vagus  with  most  of  its  motor  fibres  (compare  {  352,  3),  and  also  its 
cardio -inhibitory  fibres  (fig.  523).  [The  upper  cervical  metameres  or  segments  give  origin 
not  only  to  the  anterior  and  posterior  roots  of  the  corresponding  nerve-roots,  but  between  these 
roots  arise  the  roots  of  the  spinal  accessory  .nerve.  This  nerve  contains  large  meduUated  nerve- 
fibres,  and  fine  meduUated  fibres  such  as  characterize  the  visceral  branches  of  the  thoracic  and 
sacral  regions  (J  356).  The  nerve  passes  by  the  jugular  ganglion  of  the  vagus,  then  divides 
into  the  external  and  internal  branch.  All  the  large  fibres  pass  into  the  external  branch, 
which,  along  with  branches  from  the  cervical  plexus,  supply  the  stemo-mastoid  and  trapezius. 
The  internal  branch,  composed  of  small  fibres,  passes  into  the  ganglion  of  the  trunk  of  the 
Tagns.  Gaskell  therefore  regards  the  internal  branch  "  as  formed  by  the  rami  viscerales  of  the 
upper  cervical  and  vagus  nerves."  It  has  been  suggested  that  these  fine  meduUated  nerve-fibres 
arise  from  the  cells  of  the  posterior  vesicular  column  of  Clarke.  The  motor  fibres  to  the  trape- 
aos  and  stemo-mastoid  arise  from  the  cells  of  the  lateral  horn  of  gray  matter.] 

If  the  accessorius  be  pulled  out  by  the  root  in  animals,  the  cardio- inhibitory 
fibres  undergo  degeneration.  If  the  trunk  of  the  vagus  be  stimulated  in  the 
neck  four  to  five  days  after  the  operation,  the  action  of  the  heart  is  no  longer 
arrested  thereby  [owing  to  the  degeneration  of  the  cardio-inhibitory  fibres] 
{Waller y  Schiff,  Daszkiewiczy  Hetdenhain) \  according  to  Heidenhain,  the 
heart-beats  are  accelerated  immediately  after  pulling  out  the  nerve. 

The  external  branch  arises  from  the  spinal  roots.  This  nerve  communi- 
cates with  the  sensory  branches  of  the  posterior  root  of  the  ist,  more  rarely 
of  the  2d  cervical  nerve,  and  these  fibres  supply  sensibility  to  the  muscles ;  .it 
then  turns  backwards  above  the  transverse  process  of  the  atlas,  and  terminates 
as  a  motor  nerve  in  the  stemo-mastoid  and  trapezius  (fig.  523).  The  latter 
muscle  usually  receives  motor  fibres  also  from  the  cervical  plexus  (fig.  518). 

The  external  branch  commonicates  with  several  cervical  nerves.  These  fibres  either  participate 
In  the  innervation  of  the  above-named  muscles,  or  the  accessorius  returns  part  of  the  sensory 
fibres  supplied  by  the  posterior  roots  of  the  two  upper  cervical  nerves. 

Pathological. — Stimulation  of  the  outer  branch  causes  tonic  or  clonic  spasm  of  the  above- 
named  muscles,  usually  on  one  side.  If  the  branch  to  the  stemo-ma&toid  be  affected  alone,  the 
head  is  moved  with  each  clonic  spasm.  If  the  affection  be  bilateral,  the  spasm  usually  takes 
place  on  opposite  sides  alternately,  while  it  is  rare  to  have  it  on  both  sides  simultaneously.  In 
spasm  of  the  trapezius  the  head  is  drawn  backwards  and  to  the  side.  Tonic  contraction  of  the 
flexors  of  the  head  causes  the  characteristic  position  of  the  head  known  as  caput  obstipum  (spas- 
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ticum)  or  wiyneck.     In  paralysis  of  one  of  these  muscles,  the  head,  is  drawn  towirds  the  lovid 
side  (torticollis  paral3rtiCU8).     Paralysis  of  the  trapezias  is  usually  only  partial 

Paralysis  of  the  whole  trunk  of  the  spinal  accessory  (usually  caused  by  central  cooditiooi), 
besides  causing  paralysis  of  the  sterno- mastoid  and  trapezius,  alto  paralyzes  the  motor  braoches 
of  the  vagus  already  referred  to  (Erb^  FrSnkel), 

354.  XII.  NBRVUS  HYPOGLOSSUS.-- Anatomical.  — It  arises  from  two /fl7^ 
cell/d  nuclei  within  the  lowest  part  of  the  calamus  scriptorius,  and  one  adjoining  snuU-tHUi 
nucleus  {Roiter),  while  additional  Bbres  come  from  the  brain  (J  378),  and  also  perhaps  from  the 
olive  (fig.  516,  12,  520).  It  springs  by  10  to  15  twigs  in  a  line  with  the  anterior  roots  of  the 
spinal  nerve  (fig.  516,  IX).  In  its  development  part  of  the  hypoglossal  behaves  as  a  spiotl 
nerve  (Froriep), 

Function. — It  is  motor  to  all  the  muscles  of  the  tongue,  including  the 

genio-hyoid  and  thyro-hyoid. 

Connections. — ^The  trunk  of  the  hypoglossal  is  connected  with — (i)  the  superior  caviui 
ganglion  of  the  sympathetic,  which  supplies  it  with  vaso-motor  fibres  for  the  blood-vessels  of  tk 
tongue.  Afier  section  of  the  hypoglossal  and  lingual  nerves,  the  corresponding  half  of  the  toogae 
becomes  red  and  congested  (Schiff),  (2)  lliere  is  also  a  branch  from  the  plexus  gangUifcrani 
vagi,  its  small  lingual  branch  to  the  commencement  of  the  hypoglossal  arch.  These  fibres  sspply 
the  hypoglossal  with  sensory  fibres  for  the  muscles  of  the  tongue,  for  even  after  section  of  ibe 
lingual  the  tongrue  still  possesses  dull  sensibility.  It  is  uncertain  whether  fibres  with  a  similar 
function  are  partly  derived  from  the  cervical  nerves  or  from  the  anastomosis  which  takes  plict 
with  the  lingual.  (3)  It  is  united  with  the  upper  cervical  nerves  by  means  of  the  loops  knovi 
as  the  ansa  hypoglossi.  These  connecting  fibres  run  in  the  descendens  noni  to  the  stemo-byoid, 
omo-hyoid, and  sterno- thyroid.  Cervical  fibres  do  not, as  a  rule,  enter  the  tongue;  stimulatioQ  of 
the  root  of  the  hypoglossiad  acts  upon  the  above-named  muscles  only  very  rarely  and  to  t  tery 
slight  extent  (  Volimann),  [Beevor  and  Horsley  find  that  the  motor  fibres  which  pass  s-iltbe 
hypoglossal  to  innervate  the  muscles  that  depress  the  hyoid  bone,  are  derived  from  the  firtt  isd 
second  cervical  nerves.]     (Compare  2  297,  3,  and  2  336,  III). 

Bilateral  section  of  the  nerve  causes  complete  motor  paralysis  of  the 
tongue.  Dogs  can  no  longer  lap,  they  bite  the  flaccid  tongue.  Frogs,  which 
seize  their  prey  with  the  tongue,  must  starve ;  when  the  tongue  hangs  from  the 
mouth,  it  must  prevent  the  closure  of  the  mouth,  so  that 'these  animals  must  die 
from  asphyxia,  as  air  is  pumped  into  the  lungs  only  when  the  mouth  is  closed. 

Pathological. — Paralysis  of  the  hypoglossal  (glossoplegia),  whidi  is  usually  central  is  ft% 
origin,  causes  disturbance  of  speech  ({  319).  [In  unilateral  palsy,  the  toDgoe  lies  in  the  sMStk 
in  its  normal  position,  but  the  oase  is  more  prominent  on  the  paralyzed  side.  When  the  ton^iic 
is  protruded,  it  passes  to  the  sound  side  by  the  genio-hyoglossus  (2  I55)-]  Psralysis  of  tbe 
tongue  also  interferes  with  mastication,  the  formation  of  the  bolus  in  the  mouth,  and  dcgbdiioi 
in  the  mouth.  Owing  to  the  imperfect  movements  of  the  tongue,  taste  is  Imperfect,  tod  tk 
singing  of  high  notes  and  the  falsetto  voice,  which  require  certain  positions  of  the  tongue,  sppo^ 
to  be  impossible  (Bennati), 

Spasm  of  the  tongue,  which  causes  aphthongia  ({  318),  is  usually  reflex  in  its  origin,  and  is 
extremely  rare.  Idiopathic  cases  of  spasm  of  the  tongue  have  been  described;  the  seatoftbe 
irritation  lay  either  in  the  cortex  cerebri  or  in  the  oblongata  (Berger,  E,  I^emtak).  Yos  FMQd»- 
motor  Action,  2  349* 

355.  THE  SPINAL  NERVES.— Anatomical.— The  thirty  one 
pairs  of  spinal  nerves  arise  by  means  of  a  [superior,  gangliated]  posterior 
root  (consisting  of  a  few  large  rounded  bundles),  from  the  sulcus  between  the 
posterior  and  lateral  columns  of  the  spinal  cord,  and  by  means  of  an  [inferior, 
non-gangliated]  anterior  root  (consisting  of  numerous  fine  flat  struids), 
from  the  furrow  between  the  anterior  and  lateral  columns  (fig.  525).  Tk 
posterior  roots,  with  the  exception  of  the  ist  cervical  nerve,  are  the  larger. 
Occasionally  the  roots  on  opposite  sides  are  not  symmetrical ;  one  or  other 
root,  or  even  a  whole  nerve,  may  be  absent  from  the  dorsal  r^ion  {Aik^ 
kiewicz).  On  the  posterior  root  is  the  spindle-shaped  spinai  ganglion 
(§  321,  II,  3),  which  is  occasionally  double  on  the  lumbar  and  sacral  nems. 
Beyond  the  ganglion,  the  two  roots  unite  to  form  within  the  spinal  canal  the 
mixed  trunk  of  a  spinal  nerve.  The  branches  of  the  nerve-trunk  inyiriiWy 
contain  fibres  coming  from  both  roots.  The  number  of  fibres  in  the  ncnFe 
trunk  is  exactly  the  same  as  in  the  two  roots ;  hence,  we  must  conclude  tint 
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the  nerve-cells  in  the  spinal  ganglion  are  intercalated  in  the  course  of  the ' 
afferent  fibres  {Gaule  and Birge). 

Varieties.— The  spinal  ganglion  is  (omaimes  double,  and,  according  to  Hyitl,  isolated 
ganglionic  celli  rrcquently  oocur  in  the  posterior  root,  betweeo  the  ganglion  and  tbe  cord  [and 
■tacy  also  occur  in  the  anterior  roots].  Occasionally  the  roots  are  somewhat  unsym metrical  on 
opposite  sides;  in  tbedonal  pan  one  or  other  or  both  roots  of  a  spinal  nerve  are  sometimes  absent. 
[Morphology  of  the  Spinal  Nerves  and  Limb-Plesuaea. — A  typical  acgtncntal  spinal 
Dcrve  (tig.  515]  divides,  aftfr  its  formaiion,  into  three  parts,  a  dorsal  branch,  or  superior  primary 
division,  distributed  to  the  back ;  a  somatic  branch,  or  inferior  primary  division,  supplying  the 
bodj-well  or  limbs;  and  a  splanchnic  or  visceral  branch,  or  rsmui  communicans,  connected 
njth  the  sympalfaetic  gangliBled  cord,  and  distributed  to  the  large  vessels  and  viiccra.  The 
aomalic  bnnch  is  the  lai^est,  and  is  getierally,  by  human  anatomists,  spoken  of  as  the  "  anterior 
primary  division."  In  the  thoracic  and  upper  lumbar  regions  the  distribution  of  this  nerve  is 
simple.  It  divides  into  an  external  (or  lateral)  branch,  and  an  internal  [or  anterior)  branch, 
which  supply  respectively  the  lateral  and  anterior  portions  of  the  thoracic  and  abdominal  walls] 
[In  the  region  of  the  neck,  and  in  relation  to  the  1imbii,the  arrangement  of  the  somatic  branches 
becomes  complicated  by  the  ronnalion  of  the  plexuses.  la  the  embryo,  however,  the  diitribu- 
tioD  of  the  nerves  is  simpler,  and  a  comparison  can  be  made  both  with  the  adult  arrangement,  and 
with  the  lypical  nerve  as  seen  in  the  thoracic  region.  In  the  embryo,  the  neck  as  such  does  not 
eii^t.  and  the  upper  limb  sprouts  out  directly  beyond  the  segmented  visceral  arches.  In  this  stale 
the  somatic  branch  is  distributed  b.i  in  the  thoracic  region  ;  the  nerve  divides  into  an  external  and 
an  internal  branch,  distributed  10  the  side  and  front  of  the  corresponding  part  of  the  arches  in  tbe 
Deck,  in  the  regions  where  the  limbs  are  appearing  as  two  flattened  buds  from  the  veniro- lateral 
sapcHTt  o(  (be  body.  The  somatic  branch  sweeps  round  into  the  blastema  forming  the  limb,  and 
divides  into  its  two  branches,  external  and  internal,  nr  dorsal  and  ventral,  which  are  distributed  to 

the  outer  (dor>al)and  inner(ven1rat)surfaces,  respectively,  of  the  fdmitive  limb.    Al  this  lime  the 

caitiiaginons  and  muscalar  elements  of  ihe  limb  have  not  become  differentiated.     While  this  is 

occurring  the  dorsal  and  ventral  parts  of  the  somatic  tranches  of  the  nerves  eotering  the  limb 

■mite  with  adjacent  dorsal  and  ventral  branches,  in  various  combinations,  so  as  to  produce  the 

limb-pleinses.     The  nerves  resulting  from 

tfae&e  combinations  are  distributed  to  the 

primitive,  donal,  and  ventral  surAwes  of 

the  limb*.    TbDs.ibeplexuseaare  farmed, 

and    the    peripheral    distribution   of   thci 

nerves  has  taken  place  before  the  period 

of    flexion  and   angulation  of  the  limbs. 

Tbeae  processes  mark  the  conditions  in  the 

adalt ;  but  even  then  it  is  easy  to  make 

ont   that  the  nerves  in  Ihe  upper  lim 
'   '  '     posterior  (dorsal) 

lexui   supply  the  \ 

__^. .    ,  r  surface  of  the  > 

fore -arm,  and  the  back  of  the  hand, — parts 

which  are  derived  Irom  the  donal  surface 

of  tbe   fMimitive   limb;  while   the  nerves 

pioduced  Erom  the  anterior  (ventral)  cords 

Bopply    the  pectoral  region,  front  of  the 

■rm,  fore-arm,  and  haiK], — parts  rcpreienl- 

ing  ihe  primitive  ventral  surface,] 

[Id  the  lower  limb,  the  nerves  derived 

baax  a  nnion  of  the  posterior  branches  are  '"S-  5^5- 

Uie     external   cutaneons,  anterior  crural.    Diagram  of  a  spinal  nerve;  C,  spinal  cord ; /r,  or, 

gtateal,    and   external    popliteal.     These        posterior  and  anterior  roots;  SPD,  IPD,  superior 

supply  the  iliac  surfaces,  the  front  of  the        and  inferior  primary  divisions;   dv,  dorsal  and 

Ihigli,    leg,  and  foot, — belonging  to  the        ventral  branciics;  ir,  sympathetic  root  (^Mr). 

priniitive  dorsal  surface  of  the  limb.    The 

nerves  formed  by  Ihe  union  of  anterior  branches,  genito-crural,  obturator,  and  internal  popliteal, 

m  like  manaer  supply  the  parts  of  the  limb  corresponding  to  the  ventral  surface, — the  inner  side 

and  back  of  the  thigh,  the  l»ck  of  the  leg,  and  tbe  sole  of  the  foot  (<4,  M.  Pattrtm)'^ 

[Structure  of  a  Spinal  Ganglion. — The  ^nglion  is  invested  by  a  thin, 
firmly  adherent  sheath  of  connective-tissue,  which  sends  processes  into  the 
swetliog,  and  conlinuons  with  the  sheaths  of  the  nerve  entering  and  leaving  the 
ganglion  (iig.  536,  c).  In  mammals,  e.  g.,  rabbit,  a  longitudinal  section  of 
such  a  ganglion  exhibits  tbe  cells  arranged  in  groups,  with  strands  of  nerve- 
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fibres  coursing  longitudinally  between  tbem  (fig.  526,  a,  6).  The  nerve<eUs 
aTe  usually  globular  in  Torm,  with  a  distinct  capsule  lined  with  epithelium,  and 
the  ceil -substance  itself  contains  a  well-defined  nucleus  with  a  nuclear  envelope 
and  a  nucleolus  (fig.  537).  The  capsule  of  the  cell  is  continuous  with  the 
sheath  of  Schwann  of  a  nerve-fibre.  The  exact  relation  between  the  nerve- 
fibres  and  the  nerve-cells  is  difficult  to  establish,  but  it  is  probable  that  each 
nerve  cell  is  connected  with  one  nerve-fibre,  1.  e.,  they  are  unipolar.  In  the 
spinal  ganglia  of  the  vertebrates  above  fishes,  and  also  in  the  Gasserian  gang- 
lion, cells  are  found  with  a  single  process  or  fibre  attached  to  them,  the  ncrre- 
fibre-process  not  unfrequently  coiling  a  few  times  within  the  capsule.  This 
process,  after  emerging  from  the  capsule,  becomes  coated  with  myelin,  and 
usually  soon  divides  at  a  node  of  Ranvier  (fig.  527,  e).  Ranvier,  who  first  ob- 
served this  arrangement,  describes  it  as  a  T-shaped  fibre.  These  nerve^ells 
with  T-shaped  fibres  have  been  observed  in  the  spinal  ganglia  of  all  vertebntes 
above  fishes,  in  the  Gasserian  and  geniculate  ganglia,  as  well  as  is  the  jugolar 
and  cervical  ganglia  of  the  vagus.  In  tiahes,  the  nerve-cells  of  the  spiml 
ganglia  are  bipolar  (fig.  446,  4).  There  is  a  rich  plexus  of  capillaries  in  these 
ganglia,  and  each  cell  is  surrounded  by  a  meshwork  of  capillaries,  which  nevei 
penetrate  the  cell  capsules.] 

Bell's  Law. — Sir  Charles  Bell  discovered  (181 1)  that  the  anterior  roots 
of  the  spinal  nerves  are 
motor,  the  posterior  are 
sensory. 

Recurrent  Sensibility. 
— Magendie  d  iscovered 
(1822)  the  remarkable  fact 
that  sensory  fibres  are  ab» 
present  in  the  anterior  roots, 
so  that  their  stimulation 
causes  pain.  This  is  due  to 
the  fact  that  sensory  fibra 
pass  into  the  anterior  mot 
after  the  two  roots  inn 
joined,  and  these  fibres  ran 
in  the  anterior  root  io  a 
centripetal  direction  (Sckif, 
a.  Bernard).  The  sens- 
bility  of  the  anterior  root  is 
abolished  at  once  by  section 
'*■  5»7-  of  the  posterior  root.    This 

Nerve-cell   isolaied    condition  is  called  "recOT- 
,        (torn    ihe    spinal  .  -i,.!-.    ■•     r.u       «. 

'  Baoglion,  'nd  rent  sensibility"  of  theanle- 
showing  a  nerve-  rior  root.  When  the  sensi- 
libre  divideil  in  a  bility  of  the  anterior  root  is 
T-shaped  man-  abolished,  SO  is  the  scnsiW- 
ce7ls  1in""'"lh/  H  °^  ^^^  surface  of  the 
cell^caraule^;  ^.  spinal  cord  in  the  neighlxx- 
first,  and  r'  itte-  hood  of  the  root.  A  long 
ond  node  of  time  after  section  of  ibe 
'■'^■*"'  Ranvier;    «,  no-     anterior,  and  when   the  de- 

Longitudinal  section  of  1  spinal  gang-  cleus  of  nerve-  oencration  phenomena  h»« 
lion.  <i,  nerve  fibre  ;*,  nerve-cells;  fibre;  a,  nerve-  u„jf;„_,„'j  _,  „/k,.,\ 
f  capsule  fibre.  »^  "™e  t"  develop  (§  J»S  S 

'  a  few  non -degenerated  sen- 

sory fibres  are  always  to  be  foiind  in  the  central  stump  (Schif,  Vulpiam).  Schiff 
found  that  in  cases  where  the  motor  fibres  bad  undergone  degeneration,  tbere 
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were  always  non-degenerated  fibres  to  be  found  in  the  anterior  root,  which 
passed  into  the  membranes  of  the  spinal  cord.  The  sensory  fibres  pass  into 
the  motor  root,  either  at  the  angle  of  union  of  the  roots,  or  in  the  plexus, 
or  in  the  region  of  the  peripheral  terminations.  Sensory  fibres  enter  many 
of  the  branches  of  the  motor  cranial  nerves  at  their  periphery,  and  after- 
wards run  in  a  centripetal  direction  (p.  757).  Even  into  the  trunks  of  sensory 
nerves,  sensory  branches  of  other  sensory  nerves  may  enter.  This  explains  the 
remarkable  observation,  that  after  section  of  a  nerve  trunk  {e.  g.,  the  median), 
its  f>eripheral  terminations  still  retain  their  sensibility  {^Arloing  and  Tripier). 
The  tissue  of  the  motor  and  sensory  nerves,  like  most  other  tissues  of  the  body, 

is  provided  with  sensory  nerves  {^Nervi  nervorum,  p.  673), 

[It  does  not  ToUow  that  section  of  s  peripbcn!  culaneoni  nerve  vill  cause  ansnthesia  in  the 

psrt  to  wfaich  it  is  disiributed ;  in  fact,  one  of  the  principal  nerre  Irunka  of  the  brachial  plexQi 

xmy  be  divided  withoat  giving  rise  to  complete  anseslhcsia  in  any  part  of  the  area  of  diMribulkm 

of  the  sensory  branches  of  the  nerve,  and  even  if  there  be  partin!  or  complete  cutaneous  ■aeei> 

thesis,  it   is  much  Icsa  in  extent  than  corresponds  to  the  anatomical  area  of  distribulioD.    The 

anccstbetic  area  lends   to  become  smaller  io  extent  a  ti 

{^floii).      Thus,  there   is  not  complrle  independcDce 

in  the  distribution  of  these  nerves.     These  results  are 

explained  by  the  anastomosis  between  branches  of 

nerves,  the  exchange  of  tibres  in  tbe  terminal  net- 

worlcs,  while  some  sensory  tibres  enter  the  peripheral 

parts  of  m,  nerve  and  run  centripetatly,  perhaps  being 

distributed  to  the  skin  and  conferriDg  recaneot  sensi- 

bclity  on  the  peripheral  part  of  the  nerve.] 

Deduction  from  Bell's  Law. — Care- 
ful observations  of  the  effects  of  section  of 
the  roots  of  the  spinal  nerves  {Magendie, 
i8az),aswell  as  the  discovery  of  the  reflex 
relation  of  the  stimulation  of  the  sensory 
roots  to  the  anterior,  constituting  reflex 
■novemcnis^Marshall  Hall,  Johannes  AfiUler, 
1833^.  enable  us  to  deduce  the  following 
::onclusions  from  Bell's  law  :  1.  At  the  mo- 
•nent  of  section  of  the  anterior  root  there 
:s  a  can/raction  in  the  muscles  supplied  by 
;his  root.  a.  There  is  at  the  same  time  a 
■eMsation  of  pain  due  to  the  "recurrent 
^nsibility."  3.  After  the  section,  the  cor- 
esponding  muscles  &n paralyzed.  4.  Stim- 
ilation  of  the  peripheral  trunk  of  the  ante- 
ior  root  (immediately  after  the  operation) 
au^es  contraction  of  the  muscles,  and  e 


ually  pain 


I  to  the  recurrent  sensibil- 
ty.  5.  Stimulation  of  the  central  end  is 
tf/fAt^ui    effect.     6.   The   sensibility   of   the 


Fig.  528, 


.aralyzed  parts  is  retained  completely.     At    Distribution  of  the  cuuneous 

be     moment  of  section  of  the  posterior      '^  """    *  "™*"'  ■■"'■'" 

ootf  there  is  severe /a(«.     S,  At  the  same 

ime  movements  are  discharged  reflexly.    9. 

^fter  the  section,  all  parts  supplied  by  the 

ividcd  roots  are  devoid  of  sensibility.     10. 

timulation  of  the  peripheral  trunk  of  the 

ivided  nerve  is  without  effect.     11.  Stimu- 

ttion    of  the  central  end  causes  pain  and 

f^^x    movements.      11.   The  central  end 


s  of 


A,  Dorsal  surface — . 
pra-clavicular ;  a  ax,  axillary ;  j  i^j 
superior  posterior  cataneout;  4  ema. 
median  culaneous;  J  cpi,  inferior  pos- 
terior  culaneous;  6  fm,  median  cuta- 
neous; 7  H,  lateral 
ulnar;  g  ra,  radial;  10  mi,  median. 
B,  volar  surface — 1 11-,  supra- clavicular  ^ 
3  ax,  axillary;  j  cmd,  inlcmal  cutane- 
ous; ^ //,lateral  culaneous:  J  riR, cuta- 
neous medius;  6  m;,  median ;  7  w,  ulnar. 
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ultimately  degenerates.     13.  Movement  is  retained  completely  in  the  panl^ud 
parts,  e.g.,  in  the  extremities. 

The  ultimate  effects,  known  as  Wallerian  degeneration,  which  follow  sec- 
tion of  the  nerve  or  its  roots,  are  referred  to  in  §  325.  Recently,  Joseph  f« 
slightly  modified  the  statements  of  Waller  on  the  degeneration  in  ihe  poaerior 
roots.  According  to  him,  the  spinal  ganglion  is  the  nutritive  centre  for  bjr  \xi 
the  largest  number  of  the  fibres  of  this  root ;  but  individual  fibres  travene  lb( 
ganglion  without  forming  connectioos 
wilh  its  cells,  so  that  the  nutritive  or 
trophic  centre  for  (his  small  numbtroT 
nerve-fibres  is  in  the  spinal  cord. 
/  Inco-ordinated  MovementB  of  Iiuciuibic 
Limbs. — After  wctioa  of  the  postniot  lan, 
e.g.,  of  ihe  nerve*  for  the  postoioi  eitreotm 
the  rousclei  retain  (heir  movemeuu,  neretikks 
(here  tie  chanctenstic  dislDrbances  of  tlia 
ino(or  power.  This  is  ei  pressed  in  ibe  »«k«»i 
nuDner  in  which  [he  Bsiinal  eiecates  iu  aoR- 
ment — it  has  lost  to  \  large  eiteat  i(s  hannon^nd 
elegance  of  motion.  This  is  due  to  ibc  fid  iht 
owing  (o  the  absence  oF  the  lemitiilitf  ti  tkt 
muscles  and  sltin,  the  animal  is  no  kagv  at 
scioui  of  the  resistance  which  is  opixoed  10  it 
movemenu.  Hence,  the  degree  of  onnlv 
energy  neceasarf  for  any  particular  eftm  ami* 
be  aecurately  graduated.  Animals  whicb  kiK 
lost  the  seoiibilily  of  their  eitreinities  ofta  iDn 
their  limbs  to  lie  in  abnormal  positions,  »di  u\ 
healthy  animal  wonid  not  tolerate.  In  nm  >!>- 
when  the  penphersi  eods  of  (he  cntaneoe  Mt>a 
are  degeneraled,    tbere    are  ataxic    pfacDcncu 

(i  364. 31. 

Increased  Bxeitabili(7.  —  Harleu  (iSS'^ 
Lndwig,  and  Cyoo  (con(roverted  by  t.  BcmIi!. 
Uspensky,  Griiohagen,  and  G.  Hddenhua)  *■ 
served  (hat  the  anterior  roots  are  more  eicitabi«  a 
long  as  the  poHerior  too(s  remain  intact  ml  m 
sensitive,  and  that  Iheir  eicitabiliiy  ii  dimiiuibcd 
as  soon  as  the  posterior  routs  are  divided.  Id  odif 
to  explain  this  phenomenon,  we  most  aMsncibil. 
in  the  intact  body,  a  sen.  s  of  gentle  impalas  (•- 
pressiont  of  touch,  temperature,  pcsition  ti  W>r 
e(C.)  ate  continuously  stieaming  (hmugli  the  p*- 
tenor  rools  to  the  q>inal  cord,  wbfre  llej  "i 
pep  (rantferred  to  Ihe  motor  roots,  so  that  a  le«  ««• 

p.  las  is  required  to  exdle  the  anterior  «>*'*" 

"  ■'  '  when  these  reflex  impulses  of  the  poWena  ™* 

DistnbnOon  of  the  cutaaeous  nerves  of  the  which  increoae  the  eidtabilUy,  are  absett.  CMr. 
\x%  (after  Hittle).  A,  Anterior  surface—  ,  ^j^s  stimulus  will  be  reauired  (o  eidte  %  aow 
(,  crural  nerve;  I,  exiemal  lateral  cuia-  ,]„mi,  jn  g  gemij  „„(  of  exdtemeW  ibu in  tk 
neons;  3,  ilioinguinal  j  4.  lumbo-in-  (.^of  ,  gtre  which  U  not  so  aeited.  I«  ikt 
guinal;  S.  eitemal-spermatic ;  6,  pos-  former  case,  the  discharging  stimalns  becMU  ■ 
lerior  cutaneous;  7,  obtnra(or;  8,  great  it  wm  superposed  on  the  eici(einent  ateadypf 
laphenoui;  9,  communicating  peroneal;  j^^t.  (Compare  j  36a.) 
lo,iuperficialperDneal;  ll,deeppcronea1;  .    , 

(J,  communicating  tibial      B,  Posterior        The    anterior   TOOtS    Of  the  ^SA 
surface— I,  posterior    cutaneous;  Z  eiter-    nerveS  Supply  efferent  fibres  to- 
nal fcmord  cuuneous;  3,  obturator;  4,       i.  All  the  Voluntary  muscle»offl« 

::,mm^i^nr^^n^'e!"^^^»U':  '""'''  ^^^  "'^^"'"''^- 

enoui  ;      7,     communicaiing    tibial;     S,  Every  muscle  always  receives   its  mcrivBi" 

Mcu(Bneous;  9, median  plan(ar ;  10,  fii>mjKwra/uiteriorroo(s(notfrDmasiD(le>><'^ 

U  plantar.  root}.     Hence,  tvery  root  tupptic*  tnacbaM* 
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pAiticular  groap  of  muscles  {Prayrer,  P,  Bert^  Gad),  The  experimcDts  of  Ferrier  and  Yeo  show 
that  stimulation  of  each  of  the  anterior  roots  in  apes  (brachial  and  lumbo-sacral  plexuses)  caused 
a  complex  co-ordinated  movement.  Section  of  one  root  did  not  cause  complete  paralysis  of  the 
mascles  concerned  in  these  co-ordinated  movements,  although  the  force  of  the  movement  was 
impaired.  These  experiments  confirm  the  results  of  clinical  observation  on  man.  The  fibres  for 
groaps  of  mni>cles  of  different  functions  (e.g..,  for  flexors,  extensors)  arise  from  special  limited 
areas  of  the  spmal  cord.  The  cervical  and  lumbar  enlargements  of  the  spinal  cord  are  great 
centres  for  highly  co-ordinated  muscular  movements. 

2.  The  anterior  roots  also  supply  motor  fibres  for  a  number  of  organs 
provided  with  smooth  muscular  fibres^  ^.^.^  the  bladder  (§  280),  ureter,  uterus. 
[These  are  the  viscero-motor  nerves  of  Gaskell,  and  from  them  come  also  vis- 
cero- inhibitory  nerves.] 

3.  Motor  fibres  for  the  smooth  muscular  fibres  of  the  blood-vessels,  the 
raj^^m^/^y  vaso-constrictoryOrvaso-hypertonic  nerves  [also  accelerator  or 
augmentor  nerves  of  the  heart].  They  run  in  the  sympathetic  for  a  part  of 
their  course  (§371). 

4.  Inhibitory  fibres  for  the  blood-vessels.  These  are  but  imperfectly  known. 
They  are  also  called  vaso-dilator  or  vaso-hypo tonic  nerves  (§  372).  [The 
spinal  cord  also  supplies  inhibitory  nerves  for  the  heart,  which  leave  the  spinal 
ixis  in  the  vagus.] 

5.  Secretory  fibres  for  the  sweat-glands  of  the  skin  (§  289).  For  a  part 
3f  their  course  they  run  in  the  sympathetic. 

6.  Trophic  fibres  of  the  tissues  (§  342,  I,  c). 

The  posterior  roots  contain  all  the  sensory  nerves  of  the  skin  and  the 
ntemal  tissues,  except  the  front  part  of  the  head,  face,  and  the  internal  part  of 
he  head.  They  also  contain  the  tactile  nerves  for  the  areas  of  the  skin  al- 
eady  mentioned.  Stimuli  which  discharge  reflex  movements  are  conducted  to 
he  spinal  cord  through  the  posterior  roots.  The  sensory  fibres  of  a  mixed 
lerve-tmnk  supply  the  cutaneous  area,  which  is  moved  by  those  muscles  (or 
rhich  covers  those  muscles)  to  which  the  same  branch  supplies  the  motor  fibres, 
rhe  special  distribution  of  the  motor  and  sensory  nerves  of  the  body  belongs 

0  anatomy  (figs.  518,  519,  528,  529). 

[Pbjrsiology  of  the  Limb- Plexuses. — The  idea  that  the  nerve  strands  become  rearranged 

1  the  limb-plexuses  so  as  to  connect  nerves  derived  from  different  parts  of  the  spinal  cord  with 
articular  groups  of  muscles,  in  order  to  allow  of  "  co-ordination  of  muscular  action,*'  does  not 
fem  to  be  borne  out  by  more  extended  observation.  Herringham  has  shown  by  dissection  (and 
le  same  is  seen  in  cases  of  para]3rsi8  of  motion  and  sensation)  that  a  given  muscle  or  part  of  a 
luscle,  and  a  given  spot  of  skin,  are  supplied  by  particular  branches  of  individual  spinal  nerves 
roceeding  directly  from  the  spinal  cord.  The  reason  that  the  plexuses  exbt  is,  apparently,  not 
physiological  one.  Co-ordination  cannot  be  effected  in  the  plexus,  where  the  axis-cylinder  of 
le  nerves  do  not  divide ;  but  only  in  the  spinal  cord  and  central  nervous  system,  and  through 
le  intervention  of  nerve-cells.  The  existence  of  the  plexuses  is  due  to  the  fact  that  emt>r]^ 
gically  the  limb  coosbts  of  a  flattened  lappet,  or  bud,  derived  from  certain  somites,  but  at  first 
resentiDg  no  signs  of  segmentation,  with  a  preaxial  and  a  postaxial  border,  and  outer  (dorsal) 
id  inner  (ventral)  surfaces  of  skin,  covering  a  double  layer  of  muscle  on  each  surface.  The 
jrsal  and  ventral  branches  of  the  nerves  supply  these  respective  surfaces ;  and  after  the  nerves 
ive  grown  out,  the  simple  muscular  strata  becomes  split  up  into  individual  muscles,  which  con- 
in  dements  derived  from  one  or  more  segments  represented  in  the  primitive  limb.  E^ch  nerve 
segmental,  and,  therefore,  supplies  a  muscle  derived,  for  example,  from  the  elements  of  two 
gments ;  the  nerve  of  distribution  must  contain  corresponding  parts  of  two  segmental  nerves, 
be  plexuses  appear,  therefore,  from  an  embryological  cause,  and  have  no  direct  physiological 
^nificance  (A.  M.  Paterson).'\ 

356.  THE  SYMPATHETIC  NERVE.— [Anatomical.— The  sym- 
uhetic  nervous  system  contains  a  large  number  of  non-medullated  or  Remak's 
bres,  and  consists  of  a  series  of  ganglia  lying  on  each  side  of  the  vertebral 
>lumn  and  connected  with  each  other  by  inter-ganglionic  fibres.  The  typical  dis- 
ibution  obtains  in  the  thoracic  region,  where  the  lateral  or  vertebral  ganglia 
I  close  on  the  vertebrae.     In  front  of  this  is  a  second  series  of  ganglia,  which 
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do  not  form  a  double  line,  but  are  connected  with  the  fonner  aod  «iih  ach 
other.  They  are  the  pre-vertebral  or  collateral  ^nglia,  f.^.,  semilumf,  in- 
ferior mesenteric,  etc.,  the  nerves  connecting  them  with  the  former  being  tailed 
rami  efferentes.  From  these  ganglia  fibres  proceed  to  connect  iheni  <iih 
ganglia  lying  in  or  about  tissues  or  organs— the  terminal  ganglia  {Gasitll)] 
8  i  -a  [Each  spinal  nerve  in  this  ngioi 

C  g  9  is  connected  with  its  correspondini 
a  -J -3  sympathetic  ganglion  by  Iheramui 
£«!  communicans,  which  is  fonsd 
■%^  by  fibres  both  from  the  anteriorunl 
_«  ""5  posterior  roots  of  a  spiml  nent 
g  I  g  It  corresponds  to  the  visceral  nent 
■^  §  V  of  the  motphologist,  and  is  coo- 
i  ^  .2  posed  of  two  parts— a  white  iwl  i 
B^  ^  8"y  ramus.  The  white ramiis 
j;  *  «  IS  composed  entirely  of  roednl- 
2  I  "a  lated  fibres,  and  coming  fromiht 
n~^  anterior  and  posterior  roots  off 
t  '-I  ^  spina)  nerve,  passes  ioto  the  hiccl 
■■  "^  and  collateral  ganglia.  Thesewhitt 
;  rami  occur  in  the  dog  oalf  fias 
c  ^  I  -i  the  ad  thoracic  to  the  id  imnlw 
■>_!  2  g  nerve  (fig.  53°)-  Aboveindbdo* 
ia^-oj  this  the  rami  are  all  grayandcoD- 
Sl-^T  pos«(i  of  non-meduUated  atm- 
1-4  l^  fibres  iGasM/). 
O"  f  v'S  t  [Irman.thenpperfowrtiDicoMKi- 
5  o  3  E  n  canles  from  the  Ibor  upper  carjcil  bow 
^  ^  „  ^  -^  all  join  the  superior  ccrricit  ^uglua  {ii| 
£  I  g  t.  b  5l7,Ci-,j).thesib»nd6Ul)oialVpidU 
&"rH.5^  cervical, lhe7tb«Dd8thtbeinfcricrcoral 
g  S  "  gBrElkm.  The  lowal  ptir  of  gwcb « 
E  V  i'^  generally  united  by  ■  loop  on  ibe frol <> 
„  "  i_  the  first  coccygeal  vertehra,  ind  llKjBti" 
■S  "g  °  relation  with  the  coceygeat  ginglwi-] 
.-3  .9  [Cephalic  Portion.— Ai  ibe  "W* 
gpo  ;;  r  theiic  ascends  to  the  head  it  farsutoBS- 
■"  *  Ja  ^  tiori  with  many  of  Ihe  craniil  "ow^ 
.e  ^  "  5  there  it  a  free  exchange  ti(  filts  taw 
I  ■!  SH-   ""•*    oerres.      (The  funOioo  lai  ^ 

%  °  *  3  S  ""='  of  'hese  exchangci  tre  refcnd " 

^  S'S^  =  nndertliephysiologyorihenaniilnff"''! 

Ii:  n  --  ^  fDoraal  and  Alidoininal  PDftiM-- 
oJS  «  »  Numerous  fibres  pass  fion  ibot  r* 
■a  a  "  -  chiefly  to  the  MeronV  and  aMmMitr 
E  ^  B I  iliri,  where  they  form  large  p^** 
.gag-  plexuses,  from  which  functionally  d** 
.  „  2       I   fibrei  proceed  to  the  difterert  tBi;»»] 

J  •-5  b  thoracic  pass  upwards  into  thecewa''^ 

*  "u.S'S   pathetic,  those  in  the  clonal  ngwo  l*! 

I  1^^^    direacddowDHardsinHnlbeUtcnlpV' 

I  5  *  S  S   ,o  fonn  the  aplanchniM  (fo.  S^l-  "T 

4  -S  gray  non-mednllaled  ncrvE-*bro  of  »^ 

gray  ramus  are  connected  with  Ihe  «l> " 
its  gangiiMi  (lalerml);  the  fiha*' "^tj 
beyond  Ihe  ganglion,  but  really  run  ft  the  corresponding  spinal  nerve  to  ramify  in  lbi>lK«'*°J 
the  nerves,  the  connective-tissue  on  the  verlebrB!  and  the  dura  maler,  and  pethspi  *e  «» 
spinal  membranes;  so  thai,  according  to  Gaskell,  no  Don.medallalcd  nerves  lesndKO"^ 
nervous  system   by  tbe  spinal   nerve-roots.     Thus,  the  white  rami  commuoicanIB  •lo' '" 
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nilule  the  rami  viscerales  of  lh«  morpholi^ut,  snd  alt  the  visceral  nerves  possii^  out  froin  the 
central  nervous  system  into  the  sympathetic  system  pass  out  by  them  alone.  All  the  nerves  in 
the  white  ramus  are  of  small  calibre  (1.8  fi  to  2.7  fi)  and  mcdullatcd,  while  the  true  motor  fibres 
are  much  latter  ( 14.4  n  \a  19  fi).  The  smil],  while  fibres  can  be  traced  upwards  as  medu]- 
lated  fibres  into  the  superior  cervical  jianglion,  and  in  the  thorax  over  the  lateral  ganglia  lo 
form  the  splanchnics  into  the  coll iteral  ganglia,  beyond  which  they  Cease  to  be  medullated. 
By  the  ad  and  3d  sacral  nerves  some  fibres  of  smallest  calibre  issue  lo  form  the  nervi  erigcntCB, 
which  pass  over  and  do  not  communicate  with  the  lateral  ganglia,  but  eoler  the  hypi^astric 
plexus,  whence  they  send  branches  upwards  to  the  inferior  mesenteric  plexus  and  downwards  lo 
the  bladder,  rectum,  and  generative  organs,  Gaskell  proposes  lo  call  them  the  pelvic 
apUnchnic  nerves  (fig.  530).] 

[In  the  cervical  region  there  is  no  white  ramcs,  and  the  nerve-roots  contain  no  nerve-fibres 
of  small  calibre.  But  in  this  region  rises  the  spintU  accessory  nerve,  between  the  anterior 
and  posterior  roots.  It  contains  small  aitd  large  nerve-fibres  ;  the  former  pass  into  the  internal 
division  of  this  nerve  aod  join  the  ganglion  of  the  trunk  of  the  vagus,  while  the  large  motor 
fibres  form  its  external  branch  and  supply  the  stemo-masloid  and  trapezius  muscle.] 

[All  the  vaso-motor  nerves  arise  in  the  central  nervous  system,  and  they 
leave  the  spinal  cord  as  the  finest  medullated  fibres  in  the  anterior  roots  of  all 
the  spinal  nerves  between  the  ad  thoracic  and  ad  Itimbar  (dog)  "along  the 
corresponding  ramus  visceralis,  enter  the  lateral  or  main  sympathetic  chain  of 
ganglia,  where  they  become  n  on -medullated,  and  are  thence  distributed  either 
directly  or  after  communication  with  other  ganglia"  {Gaskell).  In  the  lateral 
ganglia  they  terminate  in  the  multipolar  nerve-cells,  where  they  become  non- 
medullated ;  at  least,  this  seems  to  be  the  case  with  some  of  the  vaso-constrictor 
fibresj 

["  The  vasodilator  nerves  leave  the  central  nervous  system  among  the 
fine  medullated  fibres,  which   help  to    form  the 
cervico- cranial  and  sacral  rami  viscerales,  and  pass 
without   altering  their  character  into  the  distal 
ganglia"  {Gaskell).'] 

["The  viBcero-motor  nerves,  upon  which 
the  peristaltic  contraction  of  the  thoracic  portion 
of  the  cesophagus,  stomach  and  intestines  depends, 
leave  the  central  nervous  system  in  the  outflow  of 
fine  medullated  nerves  which  occurs  in  the  upper 
part  of  the  cervical  region,  and  pass  by  way  of 
the  rami  viscerales,  of  the  accessory  and  vagus 
nerves  to  the  ganglion  trtinci  vagi,  where  they 
become  non-medullated  "  {Gaskell).'\ 

["  The  inhibitory  nerves  of  the  circular  mus- 
cles of  the  alimentary  canal  and  its  appendages 
leave  the  central  nervous  system  in  the  anterior 
roots,  and  pass  out  among  the  fine  medullated  fibres 
of  the  rami  viscerales  into  the  distal  ganglia  with- 
out communication  with  the  proximal  ganglia" 
iGaskeiI).-\ 

[Structure  of  a  sympathetic  ganglion. — 
The  structure  of  the  sympathetic  nerve-fibres  and 
nerve-cells  has  already  been  described  in  §  3x1. 
On  making  a  section  of  a  sympathetic  gang-  I^ig-  li*- 

lion,    e.g.,    the    human     superior   cervical,    we  Nerve-celb    isolated    from    the 
observe  groups  of  cells  with  bundles  of  nerve-      superior    cervical    sympathetic 
fibres— chiefly  non-medullated— running  between     ^"^^'''fitresf  «'«'!'  nidd  of 
them,  and  the  whole  surrounded  by  a  laminated      these  fibres;  »  n,  cell  nuclei. 
capsule  of  connective -tissue,  which  sends  septa 
into  the  ganglion.     The  nerve-cells  have  many  processes,  and  are,  therefore, 
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multipolar,  and  each  cell  is  surrounded  by  a  capsule  with  nuclei  on  its  inner 
surfece  (fig.  446,  II).  The  processes  pierce  the  capsule,  and  one  of  them 
certainly — and  perhaps  all  the  processes — are  connected  with  a  nerv^fib^c, 
Ranvier  states  that  each  cell  has  a  fibrillated  outer  portion  and  a  more  granolir 
inner  part.  Each  of  the  processes  becomes  continuous  with  a  fibre  of  Remaic 
(fig.  531).  Not  unfrequently  yellowish-brown  pigment  is  found  in  the  cell- 
substance.  Similar  cells  have  been  found  in  the  ophthalmic,  sub-maxillary, 
otic,  and  spheno-palatine  ganglia.  The  number  of  medullated  nerve  6bres 
diminishes  as  the  sympathetic  nerves  are  traced  towards  their  distributioQ. 
Ranvier  states  that  it  is  possible  in  the  rabbit  to  trace  the  conversion  of  1 
medullated  fibre  into  a  branched  fibre  of  Remak.  The  blood-vessels  of  the 
sympathetic  ganglia  in  mammals  are  peculiar.  The  arteries  are  small,  and 
after  subdivision  form  a  capillary  network,  each  mesh  of  which  encloses  serenl 
ganglionic  cells.  The  veins  on  the  contrary  are  very  large,  tortuous,  varicose, 
and  often  terminate  in  culs-de-sac,  into  which  several  capillaries  open.  TVte 
arrangement  of  the  veins  is  spoken  of  as  the  venous  sinuses  of  these  ganglia, 
being  compared  by  Ranvier  to  the  sinuses  of  the  dura  mater  and  fenoos 
plexuses  of  the  spinal  canal.] 

Functions  of  the  sympathetic  nerves. — The  following  is  merely  a 
general  summary : — 

I.  Independent  Functions  of  the  sympathetic  are  those  of  certain  neIT^ 
plexuses  which  remain  after  all  the  nervous  connections  with  the  cerebro-spisal 
branches  have  been  divided.  The  activities  of  these  plexuses  may  be  iofln- 
enced— either  in  the  direction  of  inhibition  or  stimulation — through  fibres 
reaching  them  from  the  cerebro-spinal  nerves. 

To  these  belong : — 

1.  The  automatic  ganglia  of  the  heart  (§  58). 

2.  The  mesenteric  plexus  of  the  intestine  (§  161). 

3.  The  plexuses  of  the  uterus.  Fallopian  tubes,  ureters  (also  of  the  blood- 
and  lymph-vessels). 

II.  Dependent  Functions. — ^Fibres  run  in  the  sympathetic,  which  (li^ 
the  peripheral  nerves)  are  active  only  when  their  connection  with  the  centiai 
nervous  system  is  maintained,  e,  g.,  the  sensory  fibres  of  the  splanchnic.  Otben 
again  convey  impulses  from  the  central  nervous  system  to  the  gangHa^  while  cbe 
ganglia  in  turn  modify  the  impulses  which  inhibit  or  excite  the  movements  of 
the  corresponding  organs. 

The  following  statement  is  a  risumi  of  the  functions  of  the  sympathetic,  accordisg  to  :k 
anatomical  arrangement : — 

A.  Cervical  Part  of  the  Sympathetic. 

1.  Pupil-dilating  fibres  (compare  Ciliary  ganglion^  §  347,  I,  aod  /wj. 
§  392).  According  to  Budge,  these  fibres  arise  from  the  spinal  cord,  and  ns 
through  the  upper  two  dorsal  and  lowest  two  cervical  nerves  into  the  ccfvical 
sympathetic,  which  conveys  them  to  the  head.  Section  of  the  cervical  sy«p«- 
thetic  or  its  rami  communicates  causes  contraction  of  the  pupil.  (The  cental 
origin  of  these  fibres  is  referred  to  in  §  362,  i,  and  §  367,  8.) 

2.  Motor  fibres  for  Miiller's  smooth  muscle  of  the  orbit,  and /or/^ for  the 
external  rectus  muscle  (§  348). 

3.  Vaso-motor  branches  for  the  outer  ear  and  the  side  of  the  fece  {CL 
Bernard)^  tympanum  {Prus5ak)y  conjunctiva,  iris,  choroid,  retina  (^nfy  inf^ 
— see  Ciliary  ganglion,  §  347,  I),  for  the  vessels  of  the  oesophagus,  hfyto. 
thyroid  gland — fibres  for  the  vessels  of  the  brain  and  its  membranes  (i^wfc^ 
and  Callenfels).     [In  the  dog  the  vaso-motor  fibres  for  the  head  Icaw  the  corf 
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by  the  anterior  roots  of  the  second,  third,  Tourth,  and  fifth  doisal  nerves,  enter 
the  corresponding  sympathetic  ganglia,  and  run  through  the  annulus  of  Vieus- 
sens  forward  into  the  cervical  sympathetic,  and  thus  reach  their  terminations  in 
the  blood-vessels  of  the  head.] 

4.  In  the  cervical  portion  are  afferent  fibres  which  excite  the  vaso-motor 
centre  in  the  medulla  {Aubert). 

5.  Secretory  (trophic)  and  vaso-motor  fibres  for  the  salivary  glands 
(§   >45). 

6.  Sweat-secretory  fibres  (see  §  a8S,  11). 

7.  According  to  Wolferz  and  DemEschenko  the  lachrymal  glands  receive 
sympathetic  secretory  fibres  (?). 

[The  cervical  sympathetic  contains  secretory  fibres  for  the  glands  in  the 
muzzle  of  the  ox,  but  it  abo,  according  to  Arloing,  contains  inhibitory-secre- 
tory fibres.  It  also  seems  to  contain  trophic  n erve- fibres ;  at  least  marked 
histological  changes  occur  in  the  muzzle  of  the  ox  and  nose  of  the  dog  after 
section  of  the  cervical  sympathetic.  In  the  dog,  after  two  months  or  so,  the 
skin  of  the  nose  becomes  papillated  and  dry,  while  there  is  a  great  hypertrophy 
of  the  corneous  layer  of  the  epidermis.] 

[Section  of  the  Cervical  Sympathetic. — This  experiment  is  easily  done 
on  ft  rabbit,  preferably  an  albino  one.   Divide  the  nerve  in  the  neck,  and  imme- 
diately thereafter  (i)  the  ear 
and   adjoining  parts  on   that 
side  become  greatly  congested 
with  blood,  blood-vessels  ap- 
pear that   were    formerly  not 
visible,  and  as  a  result  of  the 
increased  quantity  of  blood  in 
the  ear  (hypcncmta),  there  is 
(3)  a  rise  of  the  temperature 
amounting  to  even  4°  to  6"  C. 
(C/.  Bemaril).    These  are  the  ; 
vaso-metor  changes.     (3)  The  j 
pupil  is  contracted,  the  comea  , 
flattened,  and  there  is  retraction 
of  the  eyeball  and  consequent 
narrowing    of    the    palpebral 
fissure.     These  are  the  oculo- 
fupillary  symptoms.     Stimu- 
lation (electrical)  of  the  peri- 
pheral end  produces  [he  oppo- 
site results, — pallor  of  the  ears, 

owing    to   contraction   of  the  ^'8-  53^- 

blood-vessels,  with  consequent  Normal  or  of  >  nbbiL  B,  effect  on  the  blood-vemeli  ot 
fall  of  the  temperature;    dila-  ^io»  of  the  cervical  .ympUhelk  i«:rve. 

tation  of  the  pupil,  bulging  of  the  cornea,  protrusion  of  the  eyeball  (exoph- 
thalmos), and  widening  of  the  palpebral  fissure.  At  the  same  time,  the 
blood-vessels  to  the  salivary  glands  are  contracted,  and  there  is  a  secretion  of 
thiik  saliva.  The  last  results  are  due  to  the  vaso-constrictor  and  secretory  fibres. 
Xhe  vaso-motor  and  oculo-pupillary  fibres,  although  they  lie  in  the  same  trunk 
in  the  neck,  do  not  issue  from  the  cord  by  the  same  nerve-roots;  ihe  latter 
come  OQt  of  the  cord  with  the  anterior  roots  of  the  ist  and  ad  dorsal  nerves 
(dog),  while  section  of  the  cord  between  the  2d  and  4th  dorsal  vertebrae  pro- 
duces the  vaso-motor  changes  only.  The  nasal  mucous  membrane  and  lachry- 
mal gland  are  influenced  by  the  sympathetic] 
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[Division  of  the  cervical  sympathetic  \n  young,  growing  animals  results  in  hypertrophy  of 
the  ear,  and  increased  growth  of  (he  hair  on  that  side  (Bidder,  IV,  StirHng),'] 

[The  vago-sympathetic  nerve  (dog)  in  the  neck  contains  vaso-dilator  fibres  (reallj  in 
the  sympathetic)  for  the  skin  and  mucous  membranes  of  that  side  of  the  head.  Weak  stimoli- 
tion  of  the  central  end  of  the  sympathetic  causes  dilatation  of  the  blood-vessels  of  these  psm. 
[The  local  application  of  nicotin  to  the  superior  cervical  sympathetic  ganglion  prevents  sdma- 
lation  below  this  ganglion  from  causing  dilation  of  the  vessels,  but  stimulation  above  the  gasgixs 
still  causes  the  normal  effect,  so  that  Langley  concludes  that  the  vaso-dilator  fibres  are  couneaed 
with  nerve-cells  in  the  superior  cervical  ganglion.]  The  vaso-dilator  fibres  of  the  super.^ 
maxillary  nerve  probably  come  from  the  same  source.  The  centre  for  these  nerves  is  is  tbe 
dorsal  region  of  the  cord  between  the  1st  and  5th  dorsal  vertebrae,  where  the  fibres  pass  out  vnh 
the  rami  communicantes  to  enter  the  cervical  sympathetic  (Dasire and  Aforat).  The  vaso  dOciDr 
fibres  occur  in  the  posterior  s^ment  of  the  ring  of  Vieussens,  and  when  they  are  ttisnlatcd 
after  section  of  the  7th  cranial  nerve,  there  is  a  **  pseudo-motor  "  effect  on  the  muscles  of  tk 
cheek  and  lip  ({  349).] 

[Action  of  Nicotin  on  the  nerve-cells  of  the  superior  cervical 
ganglion. — If  nicotin  be  injected  into  a  vein  of  a  rabbit  or  dog,  or  if  a  1  per 
cent,  solution  be  applied  locally  to  the  superior  cervical  ganglion,  stimalaiioa 
of  the  cervical  sympathetic  below  this  ganglion,  or  of  the  ganglion  itself,  does 
not  cause  dilation  of  the  pupil  or  constriction  of  the  blood-vessels  of  the  car 
or  face,  nor  does  it  cause  secretion  of  saliva,  but  stimulation  of  the  Dcrre 
above  the  ganglion  causes  these  changes  in  a  normal  manner.  From  the  ran^ 
of  the  local  application  of  nicotin  solution  to  the  superior  cervical  gangiioo,  it 
is  evident  that  nicotin  paralyzes  the  nerve- cells  of  this  ganglion^  so  Langlcy  cot- 
eludes  that  the  dilator  fibres  for  the  pupil^  the  vaso- constrictor  fibres  for  the  tv 
and  head,  and  the  secretory  fibres  for  the  glands  end  in  cells  in  the  superior  cer- 
vical ganglion  {Langley  and  Dickinson). '\ 

B.  Thoracic  and  Abdominal  Sympathetic. 

1.  The  sympathetic  portion  of  the  cardiac  plexus  (§  57,  2),  which  recoTes 
accelerating  or  augumentor  fibres  for  the  heart  from  the  lower  cervical  isc 
I  St  thoracic  ganglion  (C7.  Bernard^  v,  Bezold,  Cyan,  Schmiedebcrg).  Tbf 
fibres  arise  partly  from  the  sympathetic  and  partly  from  the  plexus  around  the 
vertebral  artery  (v,  Bezold,  Bever).     (Compare  ^370.) 

2.  For  the  vaso-motor  fibres  passing  through  the  sympathetic  to  the  extraoi* 
ties,  skin  of  the  trunk,  and  lungs  (see  §  371).     For  vaso-dilators  (§  372). 

3.  The  cervical  sympathetic  and  the  splanchnic  contain  fibres  which,  when 
their  central  ends  are  stimulated,  excite  the  cardio-inhibitory  system  is 
the  medulla  oblongata  (^Bernstein). 

4.  The  functions  of  the  splanchnic  are  referred  to  in  §§  164,  175,  276,  aou 

371- 

5.  The  functions  of  the  solar  and  mesenteric  plexuses  are  referred  to 

11^  §§  1S3  and  192.  After  extirpation  of  the  coeliac  ganglion,  Lamansky  ob- 
served temporary  disturbance  of  digestion,  undigested  food  being  passed  per 
anum. 

[Action  of  Nicotin  on  the  solar  plexus. — The  inhibitory  fibres  of  tk 
splanchnic  end  in  cells  of  the  solar  plexus,  and  this  is  true  for  the  vaso-ccfi- 
strictor  as  well  as  for  the  vaso-dilator  fibres,  while  the  splanchnic  vaso-iDOtcf 
fibres  for  the  kidney  end  in  the  cells  of  the  renal  plexus.  The  fibres  of  the 
vagus,  which  are  motor  for  the  intestines,  do  not  end  in  the  nerve^cells  of  the 
solar  plexus  [Langley  and  Dickinson),  These  results  have  been  obtained  bri 
study  of  the  action  of  nicotin  applied  locally  to  the  solar  plexus,  and  obsenrt!^ 
the  results  that  follow  stimulation  of  the  nerves  passing  to  and  those  leadisf 
from  the  solar  plexus ;  thus  the  local  application  of  nicotin  to  the  solar  pkxcs 
prevented  stimulation  of  the  splanchnic  nerve  from  causing  inhibition  of  tbe 
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movements  of  the  stomach  and  intestines,  while  stimulation  of  the  branches 
proceeding  from  the  solar  plexus  caused  these  effects.  Even  when  the  solar 
plexus  and  the  hypogastric  plexus  are  eliminated  by  the  action  of  nicotin, 
stimulation  of  the  vagus  still  causes  movements  of  the  intestine  and  stomach ; 
therefore  Langley  and  Dickinson  conclude  that  the  vagus  does  not  form  con- 
nection with  the  nerve-cells  at  these  plexuses.] 

6.  For  the  secretory  fibres  for  sweating,  see  §  289,  11. 

7.  I^astly,  the  abdominal  portion  of  the  sympathetic  contains  motor  and 
vaso-motor  fibres  for  the  spleen,  the  large  intestine  (accompanying  its 
arteries),  bladder  (§  280),  ureters,  uterus  (running  in  the  hypogastric 
plexus),  vas  deferens,  and  vesiculae  seminales.  Stimulation  of  all  of 
these  nerve-channels  causes  increased  movement  of  the  organs,  but  it  must  be 
remembered  that  the  diminished  supply  of  blood  thereby  produced  also  acts  as 
a  stimulus  (§  i6i).  Section  of  these  nerves  is  followed  by  dilatation  of  the 
blood-vessels,  with  subsequent  derangement  of  the  circulation,  and  ultimately 
of  the  nutrition.  The  relation  of  the  suprarenal  bodies  to  the  sympathetic 
is  referred  to  in  §  103,  IV.  [It  is  important  to  note  that  the  medulla  and  cor- 
tex of  these  glands  have  totally  different  origins.  The  cortex  is  developed 
from  mesobU^tic  cells  round  the  blood-vessels,  while  the  medulla  represents 
modified  sympathetic  ganglia.]  The  renal  plexus  is  referred  to  in  §  276, 
while  the  cavernous  plexus  is  treated  of  in  §  436. 

Pathological. — Considering  the  numerous  connections  of  the  sympathetic,  we  would  naturally 
suppose  that  it  offers  an  extensive  area  for  pathological  changes.  Affeaions  involving  the  vaso- 
motor system  are  referred  to  in  J  371. 

The  cervical  sjrmpathetic  is  most  frequently  paralyzed  or  stimulated  by  traumatic  conditions, 
wounds  by  bullets  or  knives,  tumors,  enlarged  lymph-glands,  aneurisms,  inflammation  of  the 
apices  of  the  lungs  and  the  adjacent  pleune,  while  exostoses  of  the  vertebrae  may  stimulate  it  in 
part  or  paralyze  it  in  part.  The  phenomena  so  produced  have  partly  analyzed  in  treating  of  the 
ciliary  ganglion  ({  347, 1).  Stimulation  of  the  cervical  sympathetic  in  man  causes  dila- 
tation of  the  pupil  (mydriasis  spastica),  pallor  of  the  face,  and  occasionally  hyperidrosis  or 
profuse  sweating  ({  289,  2,  and  J  288) ;  disturbance  of  vision  for  near  objects,  as  the  pupil 
cannot  be  contracts  (see  Accommodation^  \  387),  and  hence  the  spherical  aberration  of  the  lens 
{\  391)  must  also  interfere  with  vision ;  protrusion  of  the  eyeball  with  widening  of  the  palpebral 
nssure.  Paralysis  or  section  of  the  cervical  sympathetic  causes  increased  fullness  of  the 
blood-vessels  of  the  side  of  the  head,  with  occasional  anidrosis ;  contraction  of  the  pupil  (myosis 
paralytica),  which  undergoes  changes  in  its  diameter  during  accommodation,  but  not  as  the 
effect  of  the  stimulation  of  light — atropin  dilates  it  slightly.  The  slit  between  the  eyelids  is 
narrowed,  the  eyeball  retract^  and  sunk  in  the  orbit,  the  cornea  somewhat  flattened,  and  the 
coosistence  of  the  eyeball  diminished.  Stimulation  of  the  sympathetic  is  followed  by  an 
increased  secretion  of  saliva  {\  145).  The  above-described  symptoms  have  been  occasionally 
accompanied  by  unilateral  atrophy  of  the  face. 

Irritation  in  the  area  of  the  splanchnic,  as  occurs  occasionally  in  lead  poisoning,  is  character* 
ized  by  violent  pain  (lead  colic),  inhibition  of  the  intestinal  movements  (hence  the  persistent 
constipation), slowing  of  the  heart's  action,  brought  about  reflexly,  just  as  Goltz's  'Mapping'* 
experiment  (J  369).  Irritation  in  the  area  of  the  sensory  nerves  of  the  sympathetic  may  give 
rise  to  that  condition  which  is  called  by  Romberg  neuralgia  hypogastrics,  a  painful  affection  of 
the  lower  abdominal  and  sacral  regions,  hjrsteralgia,  neuralgia  testis,  which  are  localized  in  the 
plexuses  of  the  sympathetic.  In  affections  of  the  abdominal  sympathetic^  there  may  be  severe 
constipation,  with  diminished  or  increased  secretion  of  the  intestinal  glands  (J  186). 

357.  COMPARATIVE—- HISTORICAL.— Comparative.  — Some  of  the  cranial 
nerves  may  be  absent,  others,  again,  may  be  abortive,  or  exist  as  branches  of  other  nerves. 
The  facial  nerve,  which  supplies  the  muscles  of  expression  in  man,  and  is,  at  the  same  time,  the 
nenre  for  facial  respiratory  movements,  diminishes  nK>re  and  more  in  the  lower  classes  of  the 
vertebrata, /izrf /Af j<#,  with  the  diminution  of  the  facial  muscles.  In  birds  and  reptiles,  it 
supplies  the  muscles  of  the  hyoid  bone,  or  the  superficial  cervical  muscles  of  the  nape  of  the 
neck.  In  amphibians  (frog),  the  facial  no  longer  exists  as  a  separate  nerve,  the  nerve  which 
corresponds  to  it  springing  from  the  trigeminus.  In  fishes,  the  5th  and  7th  nerves  form  a  joint 
complex  nerve.  The  part  corresponding  to  the  facial  (also  called  ramus  opercularis  trigemini) 
is  the  chief  motor  nerve  of  the  muscles  of  the  gill-cover,  and  is,  therefore,  the  respiratory  nerve. 
In  the  cyclostomata  (lamprey)  there  is  an  independent  facial.     The  vagus  is  present  in  all  verte- 
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brata ;  in  fishes  it  gives  off  a  large  nerve,  the  lateral  nerve  of  the  body  (N.  lateralis),  wUck 
runs  along  each  side  of  the  body  close  to  the  lateral  canal.  It  is  also  present  in  the  tadpnk. 
Its  rudimentary  representative  in  man  is  the  auricular  branch.  In  the  frog  the  gch,  loth,  aad 
I  ith  arise  together  from  one  trunk,  and  the  7th  and  8th  from  another.  In  fishes  and  amphibu, 
the  hypoglossal  is  the  first  cervical  nerve.  In  amphioxus,  the  cerebral  and  spinal  nenro  are 
not  distinct  from  each  other.  The  spinal  nerves  are  remarkably  similar  in  all  classo  of  tbe 
vetebrata.  The  sympathetic  is  absent  in  the  cyclostomata,  where  it  is  represented  bf  the 
vagus.  Its  course  is  along  the  vertebral  colmnn,  where  it  receives  tbe  rami  communiciDtes  of 
the  spinal  nerves.  In  the  region  of  the  head  its  connections  with  the  5ih  and  xoth  neno  are 
specially  developed.  In  frogs,  and  still  more  so  in  birds,  the  number  of  connections  widi  tiie 
cranial  nerves  increases. 

Historical. — The  vagus  and  S3mipathetic  were  known  to  the  Hippocratic  School.  AcconliB{ 
to  Erasistratus,  all  the  nerves  proceed  firom  the  brain  and  spinal  cord ;  Herophilns  was  tbe  fint 
to  distingruish  the  nerves  from  the  tendons,  which  Aristotle  confounded  with  each  other. 
Marianus  (80  A.  D.)  recognized  seven  pairs  of  cranial  nerves.  Galen  was  in  possession  of  a  vide 
range  of  important  facts  in  the  ph3rsioiogy  of  the  nervous  system  {\  140) ;  be  observed  that  loo 
of  voice  followed  ligature  of  the  recurrent  nerves ;  and  he  was  acquainted  with  the  accesnriB, 
and  the  ganglia  on  the  abdominal  nerves.  The  Cauda  equina  is  referred  to  in  the  Talmd; 
Goiter  (1573)  described  exactly  the  anterior  and  posterior  spinal-nerve  roots.  Van  Helaotf 
ff  1644)  states  that  the  peripheral  motor  nerves  also  give  rise  to  impressions  of  pun,  aad 
Cesalpinus  (1571)  remarks  that  interruption  of  the  blood -stream  makes  the  parts  inseMible. 
Thomas  Willis  described  the  chief  ganglia  (1664).  In  Des  Cartes  there  is  the  first  indicatioo  d 
a  study  of  reflex  movements ;  Stephen  Hales  and  Robert  Whytt  showed  that  the  spiaal  cord 
was  necessaiy  for  such  acts.  Prochaska  described  the  reflex  channels,  [while  MaishaQ  Htll 
established  the  doctrine  of  reflex,  or,  as  he  called  them,  **dim8taltic"  actioDS.1  Davenxy 
fi76i)  discovered  the  ciliary  ganglion.  Gall  traced  more  carefully  the  course  of  tbe  3d  aod 
oth  nerves,  and  also  the  spinal  nerve,  into  the  gray  matter.  Hitherto  only  nine  nerves  of  (be 
brain  have  been  enumerated;  Sdmmerring  (1791)  separated  the  facial  from  the anditoiy  aene, 
Andersch  (1797)  the  9th,  loth,  and  nth  nerves. 


Physiology  of  the  Nerve-Centres. 


358.  GENERAL. — [The  nerve-fibres  and  nerve-cells  constitute  the  ele- 
ments out  of  which  nerve-centres  are  formed,  being  held  together  by  connective 
tissue.  In  the  process  of  evolution,  groups  of  nerve-cells  with  connecting 
fibres  are  arranged  to  constitute  nervous  masses,  whereby  there  is  a  correspond- 
ing integration  of  function.  Thus,  with  structural  integration  there  is  a  func- 
tional integration.  When  the  structure  suffers,  so  also  does  the  fimction,  and 
those  parts  which  are  most  evolved,  as  well  as  those  actions  which  have  to  be 
learned  by  practice,  are  the  first  to  suffer  during  the  dissolution  of  the  ner- 
vous system.] 

General  Functions. — The  central  organs  of  the  nervous  S3rstem  are  in 
general  characterized  by  the  following  properties : — 

1.  They  contain  nerve-cells,  which  are  either  arranged  in  groups  in  the 
interior  of  the  central  organs  of  the  nervous  system,  or  embedded  in  the  periph- 
eral branches  of  the  nerves.  [Nerve-cells  are  centres  of  activity,  originate 
impulses  and  conduct  impulses  as  well,  while  nerve-fibres  are  chiefly  conductors.] 

2.  The  nerve-centres  are  capable  of  discharging  reflexes,  ^.  ^.,  reflex-motor, 
reflex-secretory,  and  reflex-inhibitory  acts  (fig.  511). 

3.  The  centres  may  be  the  seat  of  automatic  excitement,  1.  ^.,  they  may 
manifest  phenomena,  without  the  application  of  any  apparent  external  stimulus. 
The  energy  so  liberated  may  be  transferred  to  act  upon  other  organs.  This 
automatic  state  of  excitement  or  stimulation  may  be  continuous^  1.  ^.,  may  be 
continued  without  interruption,  when  it  is  called  tonic  automatic  or  tonus ;  or 
it  may  be  intermittent ^  and  occur  with  a  certain  rhythm  {rhythmical automatic), 

4.  The  central  organs  are  trophic  centres  for  the  nerves  proceeding  from 
them ;  they  may  also  perform  similar  functions  for  the  tissues  innervated  by 
them. 

5.  The  psychical  activities  are  dependent  upon  an  intact  condition  of  the 
ganglionic  central  organs.  These  various  functions  are  distributed  over  dif- 
ferent centres. 

[The  term  **  centre  '*  is  merely  applied  to  an  aggregation  of  nerve-cells  so  related  to  each 
other  as  to  subserve  a  certain  function,  but,  inasmuch  as  these  cells  are  in  relation  to  each  other 
and  with  other  cells  in  many  ways,  various  combinations  of  them  may  result ;  again,  we  have 
also  to  take  into  account  the  greater  or  less  resistance  in  some  paths  than  in  others,  so  that  the 
variety  of  combinations  which  these  cells  may  subserve  is  enormous.  These  cells  give  off  pro- 
cesses which  branch,  and  come  into  relation  with  processes  from  other  cells.  Thus,  innumerable 
vrajTS  are  opened  up  to  nervous  impulses  by  these  combinations,  so  that  in  a  certain  way  we  may 
r^ard  a  cell  as  a  junction  of  these  conducting  fibres,  or  a  "  shunt "  whereby  an  impulse  may  be 
shunted  on  to  one  or  other  branch  in  the  direction  of  least  resistance,  or  in  the  best  beaten  path, 
as   it  were,  while  theve  may  be  a  <*  block ''  in  other  directions.] 

£In  connection  with  the  histology  of  the  central  nervous  system  we  have  to 
study: — 

A.  The  nervous  constituents.        B.  Non-nervous  constituents. 

(i)  Nerve-fibres.  (i)  Vessels  (blood  and  lymph). 

(2)  Nerve-cells.  (2)  Epithelium. 

(3)  Sustentacular  tissue. 
(tf)  Connective  tissue. 
\j>)  Neuroglia.] 
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The  Spinal  Cord. 

359.  STRUCTURE  OF  THE   SPINAL  CORD.— [The  key  to  the 

study  of  the  central  nervous  system  is  to  remember  that  it  begins  as  an  involu- 
tion of  the  eplblast,  and  is  originally  tubular,  with  a  central  canal,  dilated  in 
the  brain-end  into  ventricles.  In  the  spinal  cord  there  are  three  concentrated 
parts:  first,  the  columnar  ciliated  epithelium,  outside  this  the  central  gny 
tube,  and,  covering  in  all,  the  outer  white  conducting  fibres  {Hilf).^ 

[Structure. — The  spinal  cord  forms  a  more  or  less  cylindrical  column  40-50 
cm.  (18  inches)  in  length,  reaching  from  the  lower  end  of  the  noedalia  ob- 
longata or  bulb  at  the  level  of  the  first  cervical  vertebra  to  the  first  or  secoiwl 
lumbar  vertebra,  where  it  ends  in  a  slender  filament,  the  filum  terminale,  which 
lies  amongst  a  leash  of  nerve-roots  called  the  cauda  equina.  Above,  the  coni 
is  continuous  with  the  medulla  oblongata  or  bulb  at.the^marg^n  of  the  foraineo 
magnum.  The  whole  cord  is  enclosed  in  the  vertebral  canal,  and  is  fortbcr 
protected  by  its  *' membranes,"  Although  the  cord  does  not  present  ooi- 
formity  of  characters  throughout  its  extent,  still  there  are  certain  general  fea- 
tures common  to  it  as  a  whole.] 

[It  is  invested  by  membranes — the  pia  mater,  composed  of  two  lajtn 
and  consisting  of  connective-tissue  with  blood-vessels,  being  firmly  adherent  to 
the  surface  of  the  cord  and  sending  septa  into  the  substance  of  the  latter,  fioth 
layers  dip  into  the  anterior  median  fissure,  and  only  the  inner  one  into  the  pos- 
terior median  groove.  The  arachnoid  is  a  more  delicate  membrane  and  ixm- 
vascular,  while  the  dura  mater  is  a  tough  membrane  lining  the  vertebnd  canal, 
and  forming  a  theca  or  protective  coat  for  the  cord  (§  381).] 

The  spinal  cord  consists  of  white  matter  externally,  giving  the  cord  i'> 
opaque,  white  appearance,  and  gray  matter  internally ;  and  in  each  the  gray 
matter  has  the  form  of  two  crescents  )-(  placed  back  to  back  [or  a  capital  H] 
In  each  crescent  we  can  distinguish  an  anterior  Qco,a),  a  posterior  horn 
{co,/},  and  a  middle  part,  cervix  or  neck.  An  isthmus  or  gray  commissure 
connects  the  two  crescents  across  the  middle  line.  In  the  centre  of  this  gnr 
commissure  is  a  canal — central  canal — which  runs  from  the  calamus  scrii^orins 
downwards ;  it  is  lined  throughout  by  a  single  layer  of  ciliated  cyUndrical  epi- 
thelium in  the  foetus,  the  cilia  not  being  visible  in  the  adult,  and  the  caoi 
itself  is  the  representative  of  the  embryonal  **  medullary  tube  "  (figs.  533, 540). 
[The  central  canal  is  the  remains  of  the  neural  canal  of  the  embryo,  which  w2< 
originally  the  comparatively  wide  neural  canal  of  the  embryo.  Some  obeerrerj 
doubt  whether  the  cilia  are  really  true  cilia.  This  epithelium  is  epiblastic  in 
origin.]  [The  part  of  the  gray  commissure  in  front  of  this  canal  is  called  the 
anterior  gray  commissure,  and  the  part  behind,  the  posterior  gray  com- 
missure. In  front  of  the  gray  commissure,  and  between  it  and  the  base  of 
the  anterior  median  fissure,  are  bundles  of  white  nerve-fibres  (passing  in  a  bor.- 
zontal  or  oblique  direction  from  the  anterior  column  of  one  side  to  the  gnx 
matter  of  the  anterior  comu  of  the  opposite  side  (fig.  ^33).  These  decossatirf 
fibres  constitute  the  anterior  white  commissure.] 

The  white  matter  surrounds  the  gray,  and  is  arranged  in  several  colomss 
[anterior,  lateral,  and  posterior — by  the  passage  of  the  nerve-roots  toisc 
cornua  (figs.  533,  540)].  Along  the  anterior  surface  of  the  cord  there  tudsi 
well-marked  fissure,  which  dips  into  the  cord  itself,  but  does  not  reach  the  gra^ 
matter,  as  a  mass  of  white  matter—  the  white  commissure — runs  from  or  c 
side  of  the  cord  to  the  other.     Between  this  fissure,  known  as  the  ventral  c- 
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anterior  median  fissure,  and  the  line  of  exit  of  the  anterior  roots  of  the 
spinal  nerves,  lies  the  anterior  column  {J.a)  ;  the  white  matter  tying  laterally 
tetween  the  origin  oC  the  anterior  and  posterior  roots  of  the  spinal  nerves  ts 
the  lateral  column  (//),  while  the  white  matter  lying  between  the  line  of 
origin  of  the  posterior  roots  of  the  so-called  dorsal  or  posterior  median 
fissure  is  the  posterior  column  (J.p).  [The  posterior  median  fissure  is  not 
a  real  fissure,  but  is  filled  up  with  the  inner  layer  of  the  pia  mater,  which  dips 
down  from  the  under  sur&ce  of  this  membrane  quite  to  the  gray  matter  of  the 


Fig-  533- 
ansTcnc  sectiaa  of  the  bnman  spinal  cord  at  the  lercl  of  the  Sth  dorsal  vntebrai  x  10.  s.a, 
antenor  loogilDdtnal  Gnarc ;  s.p,  aeplam  posleriam ;  c.a,  anterior  commiuure ;  s.^.e,  sub- 
Huillm  gdatinosa  centnlii ;  1-^,  cetnral  canal;  f ./,  poMeiior  coDnninuTe ;  i^,  vein;  io,a, 
anterior  honi ;  ca.l,  lateral  horn,  and  behind  it  the  processus  reticularis ;  co.p,  posterior  horn  ; 
a.  an  I  era -lateral,  b,  antero-mcdian  group  of  ganglionic  cells;  c.  Cells  of  tlie  lateral  horn; 
d,  cells  of  Clarke's  column  ;  r,  soliiary  cells  of  the  posterior  horn ;  r.a,  anterior  root ;  r.p, 
posterior  root,  vilh  f  its  handle  of  fibres;  /',  pouero-internal  bundle;  /",  longitudinal 
fibres  of  the  posterior  coma  1  sg.R,  gelatinous  substance  of  Rolando;  f.a,  anlcriar  column; 
f.l,  talerol  column;  f.p,  posterior  column. 

iterior  commissure.]  Each  posterior  column,  in  certain  regions  of  the  cord, 
y  be  subdivided  into  an  inner  part  lying  next  the  fissure,  the  postero- 
sdian  or  Cell's  column,  or  the  inner  root-zone  {^Charcot,  lig.  533,/) ; 
1  an  outer  larger  part  next  the  posterior  root,  known  as  the  postero- 
ternal  or  Burdach's  column,  or  the  outer  root-zone  {^Charcot,  fig. 
(./')■ 

riie  >Arhite  matter  consists  chiefly  of  medullated  fibres  without  the  sheath 
Schwann,  but  provided  with  the  neuro-keratin  sheaths  of  Kiihne  and  Ewald 
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(§  321)1  the  fibres  themselves  being 
chiefly  arranged  lormludirtally. 
[The  incisures  of  Schmidt  exist  in 
these  fibres,  and  can  be  demon- 
strated by  the  interstitial  injection  of 
osmic  acid  (Xanvier).  The  fibres 
are  also  provided   with  Ranvier's 


Fig-  534.  Fig.  535. 

Fig.  534.— TiansTcne  lection  of  Ihe  while  matter  of  the  cord  ;  x  150.  a,  pcriphcnl  \ijtt. 
Besides  the  traoiverse  sectiont  of  ihe  n«r**.<ibre%  laige  and  line,  there  an  three  bno^ 
connective.iiinie  corpuscles  (f).  Fig.  535. — Multipolar  Derre-ceils  from  the  pwj  oMSaJ  j 
the  anteiiCT  hom  of  the  ipioal  cord  (01).  a,  DCrve-ceU;  4,  •xi».«]rliiMler;  c.ptjamB;  \ 
d,  white  matter  of  colomD ;  /,  t,  branches  of  cells.  | 

nodes.]  The  nerve-fibres  of  the  nerve-roots,  as  well  as  these  that  pass  from  ttx 
gray  matter  into  the  columns,  have  a  transverse  or  obliqae  coune.  There  trc 
also  decussating  fibres  in  the  anterior  or  white  comcnissure.  [In  a  transrox 
section  of  the  white  matter  of  the  spinal  cord,  the  nerve-fibres  are  of  diffemi 


Fig-  S36. 
Diagram  of  the  absolute  and  relative  exteut  of  the  gray  matter,  and  of  the  white  cohmas  e 
successive  Ecctional  areas  of  the  ^)ini1  cord  as  well  u  the  sectional  areat  of  Ihe  intn 
entering   no-ve-roots.     NR,  nerve-rootsi    AC,   LC,  PC,  anterior,   iMeral,   and  y^va 
columns ;  Gr,  gra;  matter, 

sizes,  and  appear  like  small  circles  with  a  rounded  dot  in  their  centre — ibe  as- 
cylinder;  the  latter  may  be  stained  with  carmine  or  other  dye  (fig- SJ4  ■ 
They  are  smallest  in  the  postero-median  or  GoU's  column,  and  largest  in  it" 
crossed  and  direct  pyramidal  tracts,  which  are  motor.  The  white  5nbsai]«o< 
Schwann,  especially  in  preparations  hardened  in  salts  of  chromium,  often  fn- 
sents  the  appearance  of  concentric  lines.  Fine  septa  of  connectiTC-tisx 
carrying  blood-vessels  lie  between  groups  of  the  nerve-fibres,  while  beteMii 
there  between  the  nerve-fibres  may  be  seen  branched  neuroglia  corpuscles.  \^ 
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mediately  underneath  the  pia  mater  there  is  a 

pretty  thick  layer  of  neuroglia,  which  in- 
vests the  prolongations  of  the  pia  into  the 

cord  (fig.  534,  a).] 
[The  gray  matter  differs  in  shape  in  the 

different  regions  of  the  cord,  and  so  does 

the  gray  commissure  (fig.  537).     The  latter 

is  thicker  and  shorter  in  the  cervical  than 

in  the  doisal  region,  while  it  is  narrow  in 

the  lumbar  region.     The  amount  of  gray 

matter  undergoes  a  great  increase  opposite 

the  origins  of  the  large  nerves,  the  increase 

being  most  marked  opposite  the  cervical  and 

lumbar  enlargements.     Ludwig  and  Woro- 

schiloff  coDstnicted  a  series  of  curves  from 

measurements .  by  Stilling  of  the  sectional 

areas  of  the  gray  and  white  matter  of  the 

cord,  as  well  as  of  the  several  nerve-roots. 

These  curves  have  been  arranged  in  the  an- 
nexed convenient    form   by  Schafer  after 

Woroscbiloff  (fig.  536)]:— 

[In   the    cervical    region,   the  lateral 

white  columns  are  large,  the  anterior  cornu 

of  the  gray  matter  is  wide  and  large,  while 

the  posterior  cornu  is  narrow;  GoU's  column 

is  marked  off  by  a  depression  and  a  pro- 
longation of  the  pia  mater ;  the  cord  itself 

is  broadest  from  side  to  side.    In  the  dorsal 

region,  the  gray  matter  is  small  in  animals, 

and  both  comua  are  narrow  and  of  nearly 

equal    breadth,   while    the    cord    itself   is 

smaller  and  cylindrical.     In   it   the  inter- 

medio-lateral  and  posterior  vesicular  groups 

of  cells  are  distinct.     They  have  probably 

relations  to  viscera.     The  commissure,  and 

therefore  the  central  canal,  lie  well  forward 

between  the  crescents.   In  the  lumbar  region  the  gray  matter  is  relatively  and 

absolutely  greatest,  while  the  white  lateral  columns  are  small,  the  central  canal 

in  the  commissure  being  nearly  in  the  middle  of  the  cord.     In  the  conus 

meduUaris,  the  gray  matter  niakes  up  the  great  mass  of  it,  with  a  few  white 
fibres  externally  (figs.  537,  538).] 

The  anterior  cornu  of  the  gray  matter  is  shorter  and  broader,  and  does 
not  reach  so  near  to  the  surface  as  the  posterior ;  moreover,  each  anterior 
nerve-root  arises  from  it  by  several  bundles — it  contains  several  groups  of  large 
multipolar  ganglionic  cells  (fig.  535) ;  the  posterior  cornu  is  more  pointed, 
longer,  and  narrower,  and  reaches  nearer  to  the  surface,  the  posterior  root 
arising  by  a  single  bundle  at  the  post ero- lateral  fissure ;  white  the  cornu  itself 
contains  a  few  small  fusiform  nerve-cells,  and  is  covered  by  the  substantia 
^datinosa  of  Rolando,  which  is  in  part  an  accumulation  of  neuroglia. 

[^The  substantia  gelatinosa  on  the  posterior  cornu  is  marked  by  slriation 
wrhere  the  posterior  root-fibres  traverse  it.  It  contains  some  connective- 1  issue 
cells  and  some  fusiform  nerve-cells,  especially  near  the  margins.  The  substance 
itself  stains  deeply  with  carmine.] 

[The  outer  margin  of  the  gray  matter  near  its  middle  is  not  so  sharply  defined 
from  the  white  matter  as  elsewhere ;  and,  in  fact,  a  kind  of  anastomosis  of  the 


^>g-  S37. 

Transverse  seclioDS  of  Ihe  spioal  cord 
in  different  regions.  A ,  through  the 
middle  of  the  cemcal;  B,thedor^li 

C,  the  lumbar  enlargement;  D, 
upper  part  of  the  conus  medullaiis; 
E,  at  the  sth  s»cral  vertebra ;  F,  at 
coccyx;    A,   B,   C,  enlarged    twice; 

D,  E,  F,  thrice;  a,  anlerior;  /,  poi- 
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gray  matter  projects  into  the  lateral  column,  especially  in  the  cervical  r^ioD. 
constituting  the  processus  reticularis  (fig.  540).] 

[Arrangement  of  Nerve-Cells. — The  nerve-cells  are  arranged  in smnl 
groups,  forming  columns  more  or  less  continuous.  There  are  those  of  the 
anterior  and  posterior  horns,  those  of  the  lateral  column  (intermedio-litenl), 
and  the  posterior  vesicular  column  of  Clarke  (fig.  538).  The  anteriOT  uid 
posterior  groups  exist  as  continuous  columns  along  the  entire  cord.  The  cells 
in  the  anterior  cornu  are  subdivided  into  smaller  groups,  which  vary  b  the 
different  regions  of  the  cord.  There  is  an  inner  or  medioH  gronf  near  the 
anterior  angle  of  the  cornu.  It  is  the  smallest  group,  and  is  absent  in  the  hmbai 
region.  Near  the  anterior  edge  is  the  anterior  group,  and  in  the  external  pan 
of  the  cornu  iithe  antero-lateral grouf.  These  two  groups  are  oflen  unitaj. 
as  in  the  mid-cervical  region.  There  is  usually  a  third  large  group — the  exima^ 
or  posiero- lateral  in  the  posterior  outer  angle  of  the  anterior  cornu.  The  celli 
of  the  anterior  horn  being  very  large  (67  to  135  ,u).  The  cells  of  the  posterior 
cornu  usually  do  not  lie  in  groups,  but  singly,  hence  they  have  been  calW 
solitary  cells.    They  are  bipolar  or  fusiform  cells,  and  are  about  18  ^  it 


the  level  of  Ibe  3d  doreal  nerres ;  CCI,  Clirke*!  coIudid  ;  L,  U  Ihe  lerel  of  the  stli  'a^x 
DCTve  \  m,  tnedUn ;  Iv,  latere- ventral ;  Id,  latero-doclBl ;  e,  central  groups  of  cells  of  an: 

diameter.  They  lie  especially  at  the  outer  side  of  the  base  of  the  coniu  of  ir^ 
gray  matter,  and  are  placed  with  their  long  axis  horizontal,  and  their  prococ 
are  directed  forwards  and  backwards.  Those  of  the  lateral  column  are  distini^- 
except  in  the  lumbar  and  cervical  enlargements,  where  they  blend  with  tb: 
anterior  horn.  The  vesicular  column  of  Clarke  (cells  40  to  90  p)  is  ^ 
continuous,  and  is  limited  to  (1)  the  thoracic  region,  (a)  cervico-cranial  regioc. 
(3)  sacral  region,  being  most  conspicuous  in  (i),  where  it  corresponds  rf»D- 
lutely  to  the  outflow  of  visceral  nerves  {Gaskell).  In  the  sacral  r^ion  itfc 
said  by  some  observers  to  correspond  to  the  "sacral  nucleus  of  Stilling,"  whil« 
in  the  cervical  region  it  begins  in  the  dog  at  the  ad  cervical  nerve,  fonningtk 
cervical  nucleus,  being  continued  above  into  the  nuclei  of  the  vagus  and  g)(isB> 
pharyngeal  nerves.  It  is  important  to  note  that  the  vesicular  column  of  CUikr 
(fig.  538,  CCy)  does  not  extend  throughout  the  cord.  A  small  group  of  **>* 
exists  opposite  the  ad  and  3d  cervical  nerve  ;  it  extends  as  a  coBtinuoos  txksa: 
from  the  8th  cervical  to  the  3d  lumbar  nerve,  so  that  it  is  best  develt^ied  in  ^' 
thoracic  region. 
[Connections  of  Clarke's  Column. — Gaskell  showed  that  a  large  om- 
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ber  q{  fine  medullated  nerve  fibres  leave  the  cord  in  the  anterior  roots  of  the 
dorsal  nerves  (§  356),  and  as  the  distribution  of  Clarke's  column  corresponds  to 
this  outflow  of  fine  fibres,  it  was  suggested  that  these  fine  medullated  fibres--or, 
as  Gaskell  called  them,  leucenteric  fibres,  were  connected  with  the  cells  of 
Clarke's  column.  There  is  reason  to  believe,  however,  that  this  is  not  the  case. 
The  cells  of  Clarke's  column  are  large  cells  (90  ti ;  the  smallest  is  40  11  in 
diameter).  Some  of  the  fibres  which  come  from  the  lumbar  and  sacral  nerves, 
and  form  part  of  the  postero-extemal  column,  pass  towards  the  cells  of  Clarke's 
column,  where  they  break  up  into  a  brush  or  pencil  of  fibrils,  to  form  a  fibrillar 
plexus  or  spongy  network  of  fine  nerve  fibrillar  around  the  cells  of  Clarke's 
column  (^Moti),  Cayal  has  also  shown  the  existence  of  an  enormous  number 
of  fibrils, — according  to  him,  not  forming  a  plexus  around  these  cells.  The 
cells  are  bipolar,  and  it  is  suggested  by  Mott  that  their  distal  connections  are 
with  fibres  of  the  postero-extemal  column  as  also  that  to  them  are  transmitted 
various  afferent  impulses  coming  from  viscera,  and  it  may  be  from  tendons  and 
other  parts,  and  that  these  impulses  pass  vid  the  direct  cerebellar  tract  to  the 
cerebellum.  In  locomotor  ataxia  the  fibrillar  thicket  of  fibrils  around  these 
cells  is  degenerated.  The  average  size  of  the  cells  at  birth  is  about  25  ^1-30  At, 
at  two  years  60/*,  and  in  the  adult  70  /*.  From  the  cells  of  Clarke's  column, 
there  proceed  large  fibres,  which  run  upwards,  slightly  forwards,  and  then 
outwards  through  the  lateral  column  to  reach  the  direct  cerebellar  tract  of  the 
same  side,  whence  they  proceed  to  the  cerebellum.  The  direct  cerebellar  fibres 
of  the  cord  do  not  degenerate  unless  Clarke's  column  be  injured.  These  cells 
appear  to  act  as  stations  for  afferent  impulses  between  the  peripheral  nervous 
system  and  the  cerebellum  {Ross,  Mott).'] 

[The  intermedio-lateral  tract  of  cells  is  also  best  developed  in  the  thoracic 
region  (J^g.  538,  Til).  In  the  cervical  region  it  fuses  with  the  lateral  group  of 
cells  in  the  anterior  comu.     It  cannot  be  traced  in  the  lumbar  region.] 

[The  cells  of  the  intermedio-lateral  tract  confined  to  the  doi^  region  are 
irranged  in  groups  of  eight  to  twelve  bipolar  cells,  with  their  long  axis  vertical 
)r  more  or  less  oblique.  The  smaller  cells  are  about  20  /i  in  diameter,  and 
)eem  to  be  identical  with  the  solitary  cells  of  the  posterior  comu,  the  larger 
)nes  are  30  fi  in  diameter,  and  these  cells  attain  their  full  size,  or  nearly  so,  at 
)irth.  Mott  considers  that  these  cells  correspond  in  form  and  size  with  the 
ells  of  the  vagus  nucleus,  and  that  these  cells  give  origin  to  the  fine  medullated 
)r  leucenteric  fibres  that  leave  the  cord  by  the  anterior  roots  of  the  dorsal 
lerves  (p.  818),  /.  ^.,  to  the  splanchnic  efferent  fibres  of  the  anterior  roots  of 
he  dorsal  nerves.] 

The  multipolar  ganglion  cells  are  largest,  and  arranged  in  groups  in  the 
nterior  horns  of  the  gray  matter  (fig.  540 — "motor  ganglionic  cells"). 
They  also  occur  in  the  lateral  process  and  in  the  processus  reticularis.  It  is  to 
e  noted  that  the  cells  become  more  branched  as  we  proceed  upwards  amongst 
\\t  vertebrata.  These  cells  usually  contain  pigment-granules,  and,  according 
3  Pierret,  their  size  has  a  direct  relation  to  the  length  of  the  nerve-fibre  pro- 
eeding  from  them ;  so  that  they  are  largest  in  the  lumbar  enlargement, 
nailer  in  the  cervical  enlargement,  and  smallest  in  the  dorsal  region.  Smaller 
>indle-shaped  (**  sensory  ")  cells  occur  in  much  smaller  numbers  in  the  gray 
latter  of  the  posterior  hom.  The  cells  of  Clarke's  column  (fig*  539)  are 
nailer  (30-60  /i)  and  are  usually  arranged  with  their  long  axis  in  the  long  axis 
r  the  cord.  The  processes  are  fewer,  but  one  is  generally  directed  towards  the 
^d,  and  some  towards  the  caudal  end  of  the  bodv.  They  usually  contain 
igment,  which  is  generally  disposed  towards  the  cerebral  pole  of  the  cell.] 
[In  a  longitudinal  section  of  the  cord  (fig.  54i)>  these  cells  are  seen  to  be 
ranged  in  columns,  the  large  multipolar  cells  in  the  anterior  hom  (m) ;  in  the 
me  section  are  shown   the  longitudinal  direction  of  the  nerve-fibres  in  the 
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anterior  (a)  and  posterior  white  columns  (c),  the  horizontal  direction  of  tht 
fibres  of  the  anterior  and  posterior  nerve  roots  (*  and/). 

[Outlying  Celts  of  the  Cord. — Beisso,  Schiefferdecker,  and  more  recently 
Sherrington,  have  shown  that  in  certain  situations  in  the  anterior  lateral  and 
posterior  columns  of  the  mamnialian  cord,  ganglionic  cells  lie  outside  the  gnr 
matter  in  the  surrounding  white  subsUnce.  In  the  Alligator  there  is  a  remark- 
able group  of  ganglionic  cells  lying  quite  at  the  periphery  of  the  antero-UtenJ 
column,  and  quite  removed  from  the  gray  matter  (^Berger,  Gasielf);  its  sig- 
nificance is  quite  unknown.] 

The  gray  matter  contains  an  exceedingly  delicate  fibrous  thicket  of  ibe 
finest  nerve-fibrils,  which  is  produced  by  the  repeated  division  of  the  protoplw- 


Fig-  539-  fig.  S40. 

Fig.  539. — Nerve-cell  from  CUike'i  colanm  (horse).     The  arrow  indicates  ihe  cadnl  eai. 

Fig.  540,— Transverae  section  of  the  yiinal  cord  (lower  dorwil).     A,  L,  P,  uilenoi.  \ttatL 

Bnd  posterior  columns;  A.M. P.,  P.M.F.,  anterior  and  poiteriot  median  Gssurei;  a,i,c,  ix^i 

of  the  amerior  bom;  d,  posterior  corna  and   substanlia  gelatinosa;  e,  centrml  cubI; /^ 

mic  processes  of  the  multipolar  ganglionic  cells.  Many  medullated  ner^'c-fibrc 
— chiefly  of  the  tine  variety — traverse  and  divide  in  the  gray  matter  and  becooie 
n  on -medullated.  Many  of  them  split  up  into  terminal  fibrils,  branches  of  the 
axis  cylinder.  Some  of  them  merely  pass  through  the  gray  matter  of  the  noo- 
medullated  fibres  and  terminate  in  the  nervous  network  or  thicket  of  the  grav 
matter.  Fibres  pass  from  the  gray  matter  of  one  side  to  that  of  the  other 
through  the  commissures  in  front  of  and  behind  the  central  canal. 

[By  means  of  Weigert's  method  of  staining  medullated  nerve-fibres  (p.  6;i  - 
it  has  been  proven  that  numerous  fine  medullated  nerve-fibres  exist  in  the  gni 
substance.] 

[The  anterior  root  enters  in  several  bundles  of  coarse  fibres  which  divergt; 
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before  they  reach  the  gray  matter.     Most  of  the  fibTes  end  in  the  large  motor 


Fig.  541.  Fig.  54*. 

F^.  54l.~-LoDgitudinBl  KClion  of  the  human  s^rinal  coid.     a,  anterior,  t,  poMerior,  d,  lateral 

while  columns;  6,  anterior,  c, posterior  neric  roots  ;  /,  horizontal  (pytunidal)  fibres  passing 

to  m,  cells  of  anterior  como;   n,  obliqoe  fibrei  of  posterior  root.     Fig.  j 42.  — Multipolar 

DcrTc-cell,  from  the  anterior  horn  of  the  spina!  cotd.    z,  aiis-cjlindcr  process;  y,  branched 

nerve-cells  in  the  anterior  cornu  or 
its  lateral  process  (fig.  543,  a,  6,  e, 
d,  e).  But  the  fibres  diverge  in  all 
directions,  some  of  the  fibres  of  the 
bui^dle  nearest  the  middle  line  (3) 
end  in  the  laterally  placed  cells  {c)  \ 
a  part  (4)  crosses  the  anterior  com- 
missure to  end  in  cells  on  the  opposite 
side  (rf).  Some  of  them  (6)  run 
upwards  to  become  connected  with 
motor  cells  lying  further  up  the  cord. 
Some  of  the  fibres  present  in  the 
anterior  roots,  e.g.,  the  vaso-motor 
and  secretory  fibres,  appear  not  to  be 
connected  with  the  nerve-cells  of  the 
anterior  cornu.  Perhaps  all  the 
motor  fibres  for  the  skeletal  muscles 
are  so  connected,  so  that  each  motor 
nerve-fibre  Is  merely  the  prolonga- 
tion of  the  unbranched  axis-cylinder 
process  of  a  nerve-cell.] 

[The  posterior  root  enters  as  a 
single  bundle  (fig.  533),  composed 
of  finer  fibres  intermixed  with  bun- 
dles of  thicker  ones.] 

[Two  distinct  bundles  enter  the   ^  ^  ,   ^  Fig.  543. 

cord.     There    is  an   outer  lateral  ^'^^S' °|.^VTS-    I'^h  -"^    .Tk 

.  ,,  .  <•       •        i-i  cord.      Ihe  loneitudinal  nbres  are  indicated  bv 

bundle,  or  outer  radicular  fibres,        .^.u  circles,  while  the  ncrve-celU  are  black. 
vrhich   curve   mto  the  longitudinal 
fibres,  so  that  they  are  cut  across  in  a  transverse  section,  but  they  again  take  a 
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horizontal  course  and  enter  the  substantia  gelatinosa.  The  finest  fibres  in  the 
bundle  are  usually  placed  most  laterally.  Lying  on  the  inner  side  of  thb  is  the 
larger  bundle,  constituting  the  inner  radicular  fibres  of  the  median  bundle. 
The  lateral  bundle  divides  into  an  intermediate  or  central  bundle,  and  a 
small  external  lateral  bundle  (7).  The  small  extemsd  lateral  bundle  consists  of 
fine  fibres,  which  ascend  for  a  short  distance  in  the  cord,  and  form  the  poste- 
rior marginal  zone  or  Lissauer's  zone  (fig.  557).  They  enter  tbe  gray  matter 
higher  up  and  terminate  in  the  cells  of  tibe  gray  matter  of  the  posterior  horn. 
The  central  fibres,  which  are  coarse  fibres  (8  to  10),  pass  into  the  substantia 

gelatinosa,  where  they  divide  into 
several  strands,  some  of  wlucfa 
pass  into  the  central  part  of  tbe 
gray  matter  (10),  while  othen  (8) 
pass  upwards  and  downwards  in  a 
;'  longitudinal  direction,  and  form 

^^  the  **  longitudinal  bundles  of  tbe 

posterior  horn."  Some  of  the 
fibres  (9)  perhaps  end  in  tbe 
nerve-cdls  (/)  in  the  posterior 
cornu.    The  inner  median  bun- 


Fig.  544- 

Isolated    connective-tissue   corpuscle  or  "glia-cell" 
from  the  human  spinal  cord ;  X  800. 


Fig-  545- 
LoDgitudinal  9oaioQ  of  the  ^intl  cord. 

tf ,  white*  6^  gray  matter ;  c,  crjsuk  of 

mercuric  chlonde.     Prepsred  br  (kk- 

gi*8  mercuric  diloride  method ;  x  Sa 


die  or  internal  radicular  fasciculus  (11  to  14),  composed  of  comparatxrcly 
coarse  fibres,  sweeps  through  the  postero-external  column — hence  this  coIuidd  b 
also  called  the  posterior  root-zone — and,  after  running  a  longitudinal  comse  m 
the  white  matter,  enters  the  gray  substance  of  the  posterior  cornu.  SoiDe 
fibres  (11)  pass  to  the  small  fusiform  cells  (g) ;  and  others  (13)  pass  to  be  con- 
nected with  the  cells  of  Clarke's  column  (h),  when  it  is  present.  From  tbe 
cells  of  Clarke's  column,  fibres  seem  to  pass  to  the  direct  cerebellar  tract  (20  . 
Some  of  the  fibres  (12)  pass  into  the  posterior  gray  commissure,  to  reach  tbe 
opposite  side.  This  so  far  only  accounts  for  a  part  of  the  fibres.  Some  of 
them  (8  to  10)  are  concerned  in  the  formation  of  the  fine  nerve  thicket  in  the 
gray  matter,  whereby,  perhaps,  they  become  connected  with  the  cells  in  the 
anterior  cornu.  It  is  asserted  that  some  of  the  fibres  (14)  ultimately  pass  into 
Goll's  column.  Many  of  the  fibres  in  the  posterior  root  have  been  proved  to 
be  directly  connected  with  nerve-cells,  e,  g.,  in  Petromyzon  by  Freund,  and  ir. 
the  Proteus  by  Klaussner.] 

[Size  of  Nerve-Cells  and  Nerve-Fibres. — ^There  is  reason  to  beliric 
that  the  size  of  nerve-fibres  bears  a  relation  to  the  size  of  the  nene-ceD  finoir 
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which  it  arises.  It  has  been  SDggested  by  Schwalbe  that  nerve-fibres  frhich  run 
a  long  course  are  larger  than  those  runoing  a  short  course.  This  is  not  invari- 
ably  the  case  (p.  671).] 

Neuroglia. — TTie  connective-tissue  of  the  spinal  cord  arises  in  part 
from  the  pia  mater  and  passes  into  the  white  matter,  carrying  with  it  blood- 
vessels, and  forming  septa,  which  separate  the  nerve-fibres  into  bundles.     [The 
con  nee  live -tissue  of  the  central  nervous  system  is  so  far  peculiar,  that  the  inter- 
cellular substance  is  reduced  to  a  minimum.     It  consists  of  a  reticulated  con- 
nective-tissue composed  of  fine  fibres,  which  form  a  network.     Fig.  544  shows 
one  of  the  cells,  "  glia-cells  "  or  "  Deiter's  cells,"  isolated.     It  consists  of 
a  small,   granular,  nucleated  body,  with   numerous  excessively  fine,   sligjitly 
branched,  stiff   processes.     The  processes  form   a  sustentacular  tissue  for  the 
nerve-filwes  and  blood-vessels.     The  arrangeiaent  and  distribution  of  these 
cells  is  best  seen  in  sections  of  a  cord  hardened  by  Golgi's  method  in  corrosive 
sublimate  solution  (fig.  545).     In  some  situations,  t.g.,  the  white  matter  of  the 
cerebrum  and  cerebellum,  the  cells  are  smaller  and  more  angular,  and  the  pro- 
cesses are  often  connected  with  the  outer  coal  of  the  bloc^- vessels.     On  the 
whole,  the  connective -tissue   is  much  finer  in   the  brain  than  in   the  cord. 
Chemically,  these  glia-cells  consist  of  neuro-keratin,  and  they  seem  to  be  of 
epiblastic  origin,  thus  differing  from  ordinary  connective -tissue,  which  is  meso- 
blastic  in  origin.]     The  central  canal  is  surrounded  with  a  denser  layer  of  this 
tissue,  known  as  the  "  central  ependynna,"  which  stains  deeply  with  carmine, 
and  is  very  like  the  substantia  gelatinosa  in  its  structure  (p.  789).     We  must 
distinguish    from    this    form    of    connective-tissue    that    special     form    in 
the    gray    matter  to  which   Virchow  gave  the  name  of  neuroglia.     It   is 
specially  adapted  to  fill  up  the  spaces  left  by  the  other  elements,  and  without 
interfering  with  the  exchange  of  fluids 
serves  to  hold  the  elements  together. 
It    is    an    excessively   finely    granular 
ground-substance  in  the  gray  matter. 
It  is  also  an  intercellular  substance,  but 
in  the  adult  the  cells  to  which  it  owes 
its  origin  are  no  longer  to  be  found.    It 
is  doubtful,  from  its  chemical  nature, 

k 


Rg.  S46.  ^iK■547. 

Fig.  546.— Seni-dwgmainuUic  niruigemeirt  of  Ibe  arteric*  ia  the  spinal  cord.     ^^,  anierior 

aiaal;  1,  mldne  artery;  sc,  nilco-commiasiin] ;  am,  'tis  anaMomosing  branch-,  cl,  to 
■rke't  OBhinii ;  J^,  posterior  fiisure ;  m,  rf,  braDchei  along  anteiior  and  poHerior  roots ; 
€p,  for  poet,  coma  ;  ^  intciiunicular;  la,  /«,  ifi,  aiMnoT,  raedUa,  aod  posterior  Isteral. 
Fig.  S47- — Injected  blaod-renels  of  the  jpimU  cord. 
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if  it  is  really  to  be  reckoned  along  with  the  connective- tissues.  It  seemt  to  be 
rather  a  tissue  sui generis,  belongiag  to  the  nervous  system,  and  it  is  present  in 
very  small  amount.  It  seems  to  coosist  of  neuro-keratin,  and  the  cells  are 
epiblastic  in  origin,  being  derived  from  the  cells  of  the  epiblast.]  The  nea- 
Toglia  is  also  abundant  on  the  sides  and  apex  of  the  posterior  horns,  where  it 
is  called  the  gelatinous  substance  of  Rolando. 

[Blood-Vessels. — The  spinal  cord  is  partly  supplied  with  blood  by  arteries 
from  the  vertebrals,  and  partly  by  branches  of  the  intercostal,  lumbar,  aod 
sacral  arteries,  which  reach  it  through  the  intervertebral  foramina,  and  pass  to 
the  cord  along  the  anterior  and  posterior  roots.] 

[Blood- Veaaelt. — Tbe  anterior  median  artery  (or  Bnterior  ipintJ)  (fig,  546)  pTH  •£ 
brancha,  wliich  dip  into  tbe  (issare  of  Ihe  same  name,  pass  to  its  baic,  and,  after  perforatiDg  tb: 
anterior  committare,  divide  into  two  branches,  one  for  each  mass  of  gnj  matter,  and  each  bnuch 
in  tarn  aptiu  into  three,  which  suppl]'  part  of  ibe  witerior  median,  and  posterior  giaf  mnter. 
The  arteries  lying  in  the  sulci  are  called  arteriK  aulci  {t)  by  Adamkiewicz-  In  the  pst 
el 


Fig,  S4S.  Fig.  549. 

Kij.  548.— LongituiliD>l  section  of  Ihe  cord  in  the  cervical  r^on  of  aihe«p's  caiorj<i,  22  eo- 
long,  to  show  the  division  of  the  potterior  nerve-fibres  after  entering  the  cord.  F».  S49-— 
Lateral  column  of  a  new-bom  rabbit;  c,  collateral  fibres;  il,  bending  round  of  tbe  lotiei- 
tudinal  fibres  to  end  in  the  gray  matter ;  n,  axis-cylinder  process  of  a  nerve-cdl  bendisg  It 
amongst  the  longitudinal  fibres  of  the  white  column. 
matter  there  is  usually  a  special  branch  to  Clarke's  columu  (f/).  The  vaao-coronaTy  artaio 
include  all  those  arterial  branches  which  proceed  from  the  periphety  into  the  while  maUer;  ifae 
finer  branches  pass  only  into  the  white  matter,  bat  the  lai^er  into  the  gray  substance.  Ttc 
largest  branch  is  the  artery  of  the  posterior  fissure  (/}>).  which  passes  along  Ihe  posterio' s^ec: 
and  reaches  almost  to  the  commissure,  giving  brandies  in  its  course.  "Hierc  is  a  lai^e  anor 
between  the  column  of  Coll  and  the  postero-extemal  column,  viz.,  Ihe  interfnnicalar  artery  11/' 
Arteries  enter  along  the  anterior  and  posterior  rools  {ra,  rp).  There  are  also  a  median  liteni 
Biteiy  (An),  and  an  anterior  and  posterior  lateral  ({rl,/ii),  which  enter  the  lateral  column.  Tfaeesi- 
eral  result  is  that  the  gray  matter  is  much  more  xascular  than  the  white,  as  is  shown  in  ^.  547 
Some  small  vessels  come  from  the  pia  aod  send  branches  to  Ihe  white  matter,  and  onbraiclie^ 
arteries  to  the  gray  matter,  where  they  form  a  capillary  plexus.  The  blood-vessels  are  -■>:- 
rounded  by  perivascular  lymph-apacea  [Mis).  With  regard  to  Ihe  blood-vessels  sappljiDE 
tbe  cord  as  a  whole,  Moxon  has  pointed  out  that,  owing  to  the  cord  not  bdng  as  kx^  is  ibc 
verlebrai  canal,  the  lower  nerves  have  to  run  down  within  tbe  vertebral  canal,  before  they  CDOte 
from  Ihe  appropriate  intervertebral  foramina.  As  re-enforcing  arteriea  enter  the  cord  alonl 
the  couise  of  these  nerves,  necessarily  the  branchea  entering  along  the  course  of  Ibe  lamttuaai 
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lower  dorsal  nerves  are  long,  and  this,  together  with  their  small  size,  offers  considerable  resist- 
ance to  the  blood-stream.  Hence,  perhaps,  the  reason  why  the  lower  part  of  the  cord  b  sa  apt 
to  be  affected  by  various  pathological  conditions.] 

[Recent  Researches  of  Golgi,  Ram6n  y  Cayal  and  KoUiker. — 
Goigi's  method  was  adopted  by  all  these  observers,  viz.,  prolonged  steeping 
of  the  nerve-centres  in  a  dilute  solution  of  silver  nitrate,  after  previous  harden- 
ing in  Mdller's  fluid,  or  other  fluid  containing  a  chromium  salt,  or  by  the 
rapid  hardening  method — viz.,  a  mixture  of  potassium  bichromate  and  osmic 
acid.  The  nerve- cells  and  the  axis-cylinders  become  black;  but  all  the  cells 
OT  axis-cylinders  in  any  piece  of  tissue  are  by  no  means  affected  by  the  reagent. 
Ram6n  y  Cayal  made  the  great  advance  of  using  the  embryonic  nerve-centres, 
and  results  have  been  obtained  on  them  that  are  not  so  easily  obtained  in  the 
adult.  The  axis-cylinders  stain  best  before  the  myelin  is  developed,  and  hence 
the  reason  why  embryonic  nerve-centres  stain  so  well  before  the  myelin  covers 
the  axis-cylinders.] 

[The  above  description  of  the  cord  is  based  on  a  study  of  the  cord  prepared  by  the  ordinary 
methods,  but  Goigi's  method  reveals  further  complications  in  the  structure  of  the  cord,  some  of 
which  are  here  noted.  The  sensory  nerve-fibres  on  entering  the  white  matter  divide  into  an 
ascending  and  a  descending  fibre,  which  run  longitudinally  in  the  posterior  column  and  in  the 
posterior  marginal  zone,  just  superficial  to  the  substantia  gelatinosa  (fig.  548,  S).  The  longi- 
tudinal  fibres  have  been  traced  for  a  distance  of  4-6  cm.,  but  a  large  number  of  them  bend 
ronnd  and  enter  the  gray  matter,  and  end  free  in  fine  branches,  without  forming  any  connections 
with  nerve-cells  (fig.  550).  All  the  sensory  or  afferent  longitudinal  fibres  in  the  posterior 
column  give  off  at  nearly  a  right  angle  fibres  called  by  Ram6n  y  Cayal,  who  discovered  them, 
collateral  fibres,  which  penetrate  into  the  gray  matter,  and  run  to  all  its  parts,  and  split  up  into 
numerous  fibrib  and  end  free  (figs.  549  r,  /,  552).  The  free  fibrillar  terminations  of  these  col- 
lateral Hbres  are  specially  numenus  in  the  ventral  portion  of  the  substantia  gelatinosa  and  Clarke's 

column,  and  in  the  ventral  and  lateral  parts  of  the 

anterior  horns,  to  which  pass  numerous  bundles  of 

collateral  fibres.] 

The  nerve- fibres  of  the  anterior  root  spring  from 

large  and  small  multipolar  nerve  cells  from  all  parts 


Fig.  550.  Fig.  551. 

Fransverse  section  of  the  cervical  enlargement  of  the  cord  of  a  new-bom  rabbit  with  the  col- 
lateral fibres  from  all  the  columns  of  the  cord,  and  the  anterior  and  posterior  commissures, 
ca  and  r^.  Fig.  551. — A  nerve-cell  in  the  anterior  comu  of  the  lumbar  region  of  an  ox- 
embryo,  20  cm.  long;  n,  axis-cylinder  process,  passing  at  n'  into  a  longitudinal  fibre  of 
the  anterior  column ;  n^^,  much  branched  lateral  processes  of  n.  All  prepared  by  the  silver 
nitrate  method  of  Golgi. 

f  the   anterior  comu  (fig.  552),  but  it  appears  that  the  axis-cylinder  process  of  the  nerve-cell 
^ves  ofif  a  few  lateral  branches  (fig.  551). 
The  anterior  and  lateral  columns  consbt  in  part  of  fibres  which  spring  from  nerve-cells  in 
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all  regions  of  Ihe  graj  matler  (tig.  550).  ThcK  cells  give  off  from  these  aiii-cylinder  or  acrwsi 
process  nameroos  lateral  processes,  vfaicb  end  free  in  Uie  gra;  matter.  HoM,  or  perb^K  ill,  of 
the  Rbrea  in  the  ■□tcrior  and  laltnl  columns  give  off  collateral  libns,  which  enter  the  gnr 
matter,  especially  the  anterior  horns  aod  the  anterior  part  of  the  posterior  coma,  where  iImt 
end  free.  The  longitudinal  fibres  of  these  two  columns  osually  bend  at  a  right  ai^le  and  cad 
free  in  the  giaj  matter. 

It  is  renujkable  that  all  the  collateral  fibres  and  all  the  lateral  branches  of  the  nerroui  pro- 
Cess  of  (he  nerve-cells,  as  well  as  those  longitudinal  fibres  of  the  posterior,  lateral,  and  iii:oi« 
columns  that  enter  the  gray  mailer,  break  up  into  a  greater  or  less  number  of  branches,  md  end 
at  last  in  a  fine  tuft  of  fibrils  which  surround  the  nerve-Cells,  wiihout,  however,  ronning  coaixc- 
tioiis  with  the  nerve-cells  or  the  fibrils  anastomosing  amongst  themselves.] 

[Three  kinds  of  nerve-cellg  have  been  distinguished  : — 

(1)  Large  motor  crils ;  (2)  cells  which  give  nerve-libres  to  Ihe  columns  of  the  cord  ;  and  1  j) 
cells  with  a  nervous  process  which  does  not  pas*  out  of  the  gray  matter,  but  divides  omionnlT 
in  the  gray  matter  ilseir.  The  last  variety  of  cell  occurs  only  in  the  posteriot  cotud.  The  pro- 
toplasmic proceasea  of  all  the  nerve-cells  branch  and  are  continued  sometimes  as  encnnouilj 
long  pn>cesscs  in  all  directions;  sometimes  Ihey  pass  into  tbe  wbite  matter,  bat  they  nevtr 
anastomose,  and  never  give  rise  to  a  nerve-fibre  (l^s.  551,  SS^)-} 

[The  antcrioT  commitsnre  coatains — 

^1)  Nervous  processes  from  cells  in  all  parts  of  tbe  gray  matter,  and  after  tbey  decnsaMe  ir 

continued  as  longta- 
^  dinal  fibres  of  the  is- 
\  tero-lat«nl  ci 

>  lateral   filnes   from  llw 
*  aatericH-    and    lateial 

columns. 

(3}  DecnsaatiD]'  pn- 

toplsMDic  procnsei  ef 
'    some    of    tbe    medin 

cells   of    tbe     anttncr 

Tbe  poaterior  eaa- 


(1}  DeoasatB^  col- 
lateial  fibr^  of  tbe  pos- 
lerior  columns,  and 
periiapa  also  fnni  ibe 
posterior  part  of  ilie 
lateral  columm,  as  rtL 
■ai  some  dccossadif  fo- 
toplasnuc  nervovs  [lo- 
cessea  from  some  of  tbe 
celts  of  the  postencr 
coma  and  geUiiooie 
substance] 

[The  felknrii^  abn< 

are   directly   coDDCclcd 

"■■e-  55*-  with    tXTve-cells,    aod 

Transverse  section  of  the  spinal  cord  in  the  thoracic  region  in  an  em-  must  !«   ioflueDced  in 

bryofowl  (9th  day  of  incubation).     A,  anterior,  and   P,  posterior  ibe  latter: — 

root;  C  axis-cylinder  of  a  motor  nerve-cell ;  Z>,  intramedullary  pait       (i)  The  motor  litn^ 

of  the  posletLor  root ;  i,  origin  of  a  collateral  branch,  which  ramifies  in    the   antina 

asy^p  terminal  ramificfllions  of  the  collateral  fibres;  a',  final  bilur-  roots. 

cation;  A,  bipolar  ganglionic  cells;  i,  a  unipolarnervecell  likethose       (l)  Many  fibres  in  tk 

in  mammals  (^aivii/ij' Ciiyii/).  lalnal   and   as- 

tenor  colmoBS.] 
[lo  the  following  instances,  however,  there  is  no  direct  continuity  between  fflnes  and  cdls,  «: 
that  ihey  can  only  act  on  each  other  by  contact  ;— 
(l)  The  sensory  fibres  that  end  free  in  the  cord. 
h)  The  free  terminatioas  in  Ihe  cord  of  the  collateral  fibres  from  all  tbe  colotnoi. 

(3)  Many  of  Ihe  longitudinal  fibres  of  the  anteio-laleral  column,  which  bend  round  and  eoi 

free  in  the  gray  matter. 

(4)  The  free  terminaiions  of  many  lateral  processes  of  the  nervous  or  aiis-cjIiDder  process  a 

many  nerve-cells  of  the  gray  matter. 
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(5j  Tbe  free  termioatioiu  of  (he  btanched  pcoceua  of  ceitiin  cells  of  Ihe  posterior  horn, 
thai  end  in  Into  in  ihe  grmj  matter.] 

[Tbe  i^lia-cella  are  developed  from  Ihe  element!  of  Ihe  original  medullar;  pUte,  and  are 
divided  into  primary  and  secoadary.  The  former  are  reprcKnted  b;  the  epithelium  lining 
the  central  caoal.  The  others  arise  in  the  graj  and  while  matter  and  appear  to  be  epiblaitic  in 
orieio.] 

[The  Ibtegoing  account  represenli  KiUliker'i  risumi  of  his  own  researches  on  embryo 
mammals,  which  are  praaically  a  confirmation  of  tbe  prior  obtervations  of  Golgi  and  Ram6n  y 
Cayal,  bat  more  especially  of  the  latter.  II  is  obvious  that  the  statementE  here  made  thai  the 
pmoplasmic  processes  of  nerve-celU  do  not  anutomose,  and  that  many  white  nerve-fibres  terini' 
Dale  in  tbe  cord  in  &ee  endings,  without  forming  direct  anatomical  coDtiouity  with  nerre-cells, 
must  profeuitdly  iDodify  our  conceptions  and  theories  r^arding  the  mode  of  action  of  these 
unictHTC*.  It  would  seem  that  in  certain  cases  an  impulse  reaching  tbe  gray  matter  through 
tuch  Derve-filiTes  must  act  on  nervecelli  merely  as  the  result  of  contACt  between  ihe  nerve* 
fibrils  mnd  the  nerve-cell,  and  not  in  virtue  of  aelnal  anatomical  continuhy.] 

[Functions  of  the  Spinal  Cord. — (i)  It  is  a  great  conducting  me- 
dium, conducting  impulses  upwards  and  dowDwards,  and  within  itself  from 
side  to  side ;  (a)  the  great  reflex  centre,  or  rather  a  series  of  so-called 
centres ;  (3)  impulses  originate  within  it,  i.  e.,  its  automatic  functions.] 

Conducting  Systems. — The  whole  of  the  longitudinal  fibres  of  the  spinal 
cord  may  be  arranged  systematically  in  special  bun  dies,  according  to  their  function. 

[Methods  of  ascertaining  Conducting  Paths  in  the  Cord. — The 
course  of  the  fibres  and  their  division  into  so-called  systems  has  been  ascer- 
rained  partly  by  anatomical  and  embryological,  partly  by  physiological 
and  pathological  means.  Apart  from  experimental  methods,  such  as  dividing 
ODC  column  of  the  cord  and  observing  the  . 

results,  we  have  the  following  methods  of  "^ 

investigation  ;  (l)  TOrck  found  that  injury 
or  disease  of  certain  parts  of  the  brain  was 
followed  by  a  degeneration  downwards,  or 
secondary  descending  degeneration 
of   certain    of    the    nerve-fibres   connected 

with    the   seat    of  injury,  /.    e.,   they  were ,_  . 

separated  from  their  trophic  centres  and 
jnderwent  degeneration.  (2)  P.  Schicfei- 
decker  found  also,  af^er  section  of  the  cord, 
;hat  above  the  level  of  the  section,  certain 
definite  tracts  of  white  matter  underwent 
Jegeneration   [thus    showing    that    certain  p- 

racts  had  their  trophic  centre  below;  this     ^  ,  _  ,        '      .'         ,    .    , 

:ons.i.ute.  B.condary  .scendine  d=-  ^''St'^' rhrjrdjS?' T.  *.' 
jenerationj.  (3)  Gudden  S  Method. —  The  black  part  is  the  gray  matter.  V. 
-le    showed,  as   regards   the  brain,  that  ex-  anterior,  hw,  posterior    looti   a,  di- 

:)sion    of  a  sense-organ  in  a  young  growing  re«,  ajid ^■, crossed,  pyramidal  tracts; 

.ninial    was    followed    by   atrophy   of    the        4,  anterior  column  ground  bundle- 

-;i J         _         .L       "^   '^.  f-Gol's  coumn;  rf,  poslero-ewernal 

lervc-fibrca   and    some   Other    parts    con-        column. /and /.mixeSlaieral  paths; 
lected  with  it.     Thus,  the  optic  nerve  and        a,  direct  cerebellar  tracts, 
ntcrior  corpora  quadrigemina  atrophy  after 

xcision  of  the  eyeball  in  young  rabbits.]  (4)  Embryological. — Fiechsig 
bowed  that  the  fibres  of  the  cord  [and  the  brain  also]  during  development 
ecamc  covered  with  myelin  aX  different  periods,  those  fibres  becoming  raedul- 
ited  latest  which  had  the  longest  course.  By  a  combination  of  these  methods 
ne  following  tracts  of  fibres  have  been  mapped  out : — 

Conducting  Systems  of  Fibres. — 1 .  In  the  anterior  column  lie  {a)  the 
ncrosscd,  anterior,  or  direct  pyramidal  tract  [also  called  the  Column  of 
*urck] ;  and  external  to  it  is  (6)  the  anterior  ground  bundle,  or  anterior 
adicular  zone  (fig-  553)-     [The  direct  pyramidal  tract  varies  in  size,  and  it 


800  PYRAMIDAL  TRACTS.  [See.  359. 

generally  extends  downwards  in  the  cord  to  about  the  middle  of  the  dorsal 
region,  diminishing  steadily  in  its  course.  It  is  called  direct  pyramidal  tnu;t 
because,  unlike  the  rest  of  the  pyramidal  tract,  it  does  not  decussate  m  the 
bulb.  It  is  found  only  in  man  and  the  monkey,  is  very  variable  in  size,  and 
forms  10  to  20  per  cent,  of  the  total  pyramidal  tract.  We  do  not  knoweiaclly 
how  these  fibres  end,  whether  they  cross  to  the  opposite  side,  or  remain  on  the 
same  side,  but  most  probably  most  of  them  pass  through  the  anterior  commis- 
sure to  the  gray  matter  of  the  opposite  side.] 

2.  Id  the  posterior  column  we  distinguish  (1-)  Goll's  column,  or  the 
postero-median  (postero-intemal)  column  ;  and  (<^)  the  outer  root  zone, 
or  the  funiculus  cuneatus,  ot  Burdach's  column,  or  the  posterior  radicular 
zone,  or  \.\\c pos/ero-extcrnal column  (figs.  553,  SS?)- 


FiB-  554- 
Scheme  of  the  dislribation  of  the  chief  paths  io  ibe  s|hii*]  cord,     i  fivs,  direct  prramidil  Vta: 
3  fit,  CTossed  pyramidal  tncts;   3  tsb,  djiect  cnebeliar  tract;   4  ait,  pcMtero-eilCfw 
column ;  5  tit,  poUeni-inlenul  column,  or  GoU'i  colaan ;  6  vtr,  anterior  miicd  noc   X  ^ 

3.  In  the  lateral  column  are  {/)  the  antero-lateral  tract  and  (/)  the 
lateral  mixed  paths,  or  lateral  limiting  tract  [this  tract  is  still  farther  nb- 
divided,  p.  805],  <,g)  the  lateral  or  crossed  pyramidal  tract,  and  ('l)th< 
direct  cerebellar  tract. 

[All  the  impulses  from  the  central  convolutions  or  motor  areas  of  the  cctt- 
brum,  by  means  of  which  voluntary  movements  (§  365)  are  execated,  ue 
conducted  by  the  pyramidal  tracts  (figs.  553  a,  g,  554,  557).  The  fibre 
in  these  tracts  descending  from  the  central  convolutions — i.e.,  the  motor- 
areas — pass  through  the  white  matter  of  the  cerebnim,  converging  like  the  np 
of  a  fan  to  the  internal  capsule,  where  they  lie  in  the  knee  and  anterior  two- 
thirds  of  its  posterior  segment  (the  fibres  for  the  faee  at  the  knee,  and  behiixi 
this  in  order  those  for  the  arm  and  leg),  they  then  enter  the  middle-third  of 
ihe  crusta  (fig.  628,  Py),  pass  through  the  pons  into  the  anterior  pyramids oi' 
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the  medulla  oblongata,  where  the  great  mass  crosses  over  to  the  lateral  column 
of  the  opposite  side  of  the  cord  (crossed  pyramidal  tract),  a  small  part 
descending  in  the  cord  on  the  same  side  as  the  direct  pyramidal  tract,  a. 
The  crossed  pyramidal  tract  lies  external  to  the  posterior  half  of  the  gray 
matter  in  the  lateral  column  (fig.  553,  g)y  and  it  extends  throughout  the  length 
of  the  cord.  It  contains  nerve-fibres  of  all  sizes.  In  the  greater  part  of  its 
course  it  is  separated  from  the  surface  by  the  direct  cerebellar  tract,  but  where 
the  latter  lies  further  forward,  as  at  the  third  cervical  segment  and  lower  dorsal 
region,  its  posterior  surface  reaches  the  surface,  while  from  the  last  dorsal  seg- 
ment, throughout  the  lumbar  region,  it  comes  quite  to  the  surface,  as  the  direct 
cerebellar  tract  ceases  at  the  first  lumbar  vertebra.  The  pyramidal  tract  dimin- 
ishes from  above  downwards,  and  its  fibres  pass  into  the  gray  matter  of  the  an- 
terior cornu,  and  in  all  probability  they  subdivide  to  form  fine  fibrils,  which  come 
into  relation  with  the  dense  thicket  of  fine  fibrils  produced  by  the  subdivision 
of  the  processes  of  the  multipolar  nerve-cells.  At  least  they  come  into  intimate 
relation — (direct  union  or  contact?) — with  the  nervous  mechanism  in  the  ante- 
rior comua  of  the  gray  matter  of  the  cord.  From  each  multipolar  nerve-cell  a 
nerve-fibre  proceeds  and  passes  into  the  anterior  root.  The  facts  connected 
with  the  descending  degeneration  of  this  tract  seem  to  indicate  that  in  the 
cord  some  of  the  fibres  cross  and  descend  in  the  opposite  side  of  the  cord. 
These  are  called  the  **  recrossed  fibres  "  {Sherrington),  It  would  seem  that 
the  fibres  of  the  direct  pyramidal  tract,  as  they  descend  in  the  cord,  cross  to 
the  opposite  side  of  the  cord  before  they  become  continuous  with  the  nerve- 
cells  of  the  anterior  cornu.  They  perhaps  cross  vid  the  anterior  white 
commissure.] 

[The  direct  cerebellar  tract  (figs.  553,  554,  557  h),  begins  about  the  first 
lumbar  nerve,  and  increases  in   thickness  from  below  upwards,  but  many  of 
its  fibres  enter  it  at  the  first  lumbar  and  lowest  dorsal  nerves.     It  is  obvious, 
therefore,  that  the  tract  receives  fibres  as  it  passes  upwards.     It  forms  a  thin 
layer  on  the  surface  of  the  cord.     Its  fibres,  which  are  broad  and  coarse,  very 
probably  arise  in  the  cells  of  Clarke's  column  (p.  791).     As  Clarke's  column  is 
connected  with  some  of  the  fibres  of  the  posterior  root  (for  the  trunk  of  the 
body),  it  follows  that  this  tract  connects  certain  parts  of  the  posterior  roots  with 
the  cerebellum.     The  fibres  pass  up  through  the  cord  and  restiform  body  to  the 
cerebellum.     When  it  is  divided,  it  degenerates  upwards,  so  that  it  is  supposed 
to  conduct  impulses  in   a  centripetal  direction.     The  degeneration,  however, 
diminishes  as  we  trace  it  upwards.     This  means  that  all  the  fibres  do  not  neces- 
sarily ascend  to  the  cerebellum.     The  tract  receives  new  fibres  as  we  trace  it  up- 
wards, but  some  of  the  fibres  pass  to  other  parts  of  the  cord  as  it  is  traced  up- 
wards, while  others  go  direct  to  the  cerebellum.     Degeneration  in  it  cannot  be 
caused  by  injury  or  section  of  the  nerves  or  nerve- roots;  the  cord  itself  must  be 
injured  ;  so  that  it  is  evident  that  the  fibres  of  the  tract  do  not  come  directly 
from  the  posterior  root.     Their  trophic  centre  seems  to  be  in  Clarke's  column 
(p.   791).] 

The  anterior  (fig.  553,  e)  and  lateral  paths  (/)  and  the  anterior  ground  bun- 
dle (^)  represent  the  channels  which  connect  the  gray  matter  of  the  spinal  cord 
and  that  of  the  medulla  oblongata ;  they  represent  the  channels  for  reflex  effects, 
and  they  also  contain  those  fibres  which  are  the  direct  continuation  of  the 
anterior  spinal  nerve-roots,  which  enter  the  cord  at  different  levels  and  pene- 
trate into  the  gray  matter.  In  e  and  /  there  are  some  sensory  paths.  Lastly, 
^  unites  the  posterior  roots  with  the  gray  nuclei  of  the  funiculi  graciles  of  the 
medulla  oblongata  ;  //connects  some  of  the  posterior  nerve-roots  through  the 
restiform  body  with  the  vermiform  process  of  the  cerebellum  {Fiechsig).  The 
direction   of  conduction   in   the  posterior  columns,  which  are  continuations 

SI 
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of  some  of  the  fibres  of  the  posterior  roots,  is  upwards,  as  part  of  thcndegeo- 
erate  upwards  after  section  of  the  posterior  root.  Of  the  fibres  of  rath  [«s- 
terior  root,  some  pass  directly  into  the  posterior  horn,  another  part  ascends  in 
the  posterior  column  of  the  same  side,  and  gradually  as  it  asceuds  it  come 
nearer  the  posterior  median  fissure.  Some  of  these  fibres  enter  the  gny  natter 
of  the  posterior  horn  at  a  higher  level.  The  fibres  of  the  posterior  colnmns 
run  upwards  as  far  as  the  interolivary  layer  and  the  decussation  of  the  pyramidi, 
where  they  seem  to  end,  or  at  least  form  connections  with  the  nerve-cells  of  iht 
ftiniculi  graciles  [clava]  and  cuneati  [triangular  nucleus].  A  small  pari  ai 
arcuate  fibres  join  the  restiform  body,  and  thus  the  cerebellum  is  connectd 
with  the  posterior  columns. 

Further,  the  transverse  sectional  area  of  the  direct  and  crossed  pyramidil 
tracts  (fig.  SS4),  the  lateral  cerebellar  tract,  and  Goll's  column  gradually  dimin- 
ish from  above  downwards;  they  serve  to  connect  intracranial  central  pirti 
with  the  ganglionic  centres  distributed  along  the  spinal  cord.  The  anterior 
root  bundle,  the  funiculus  cuneatus,  and  the  anterior  mixed  lateral  tracts  vur 
in  diameter  at  different  parts  of  the  cord,  corresponding  to  the  number  of  nerrc- 
roots.  It  has  been  concluded  from  this  that  these  tracts  serve  to  connect  ik 
gray  matter  at  different  levels  in  the  cord  with  each  other,  and  ultimately  iriih 
the  medulla  oblongata,  so  that  they  do  not  pass  directly  to  the  higher  parts  of 
the  brain  (fig.  536). 

Trophic  Centres  of  the  Conducting  Paths. — Tilrck  observed  that  ibe 
destruction  of  certain  parts  of  the  brain  caused  a  secondary  degeneratioii  oi 
certain  parts  of  the  cord,  corresponding  to  the  parts  called  fiyramufa/ trae/thj 
Flechsig  (fig.  554).  P.  Schieferdecker  found  the  same  effects  ie&fur  where  te 
divided  the  spinal  cord  in  a  dog.  Hence  it  is  concluded  that  the  na/riirpt  or 
trophic  centre  of  the  pyramidal  tracts  lies  in  the  cerebrum,  [Section  of  iht 
cord,  or  an  injury  compressing  the  cord,  besides  giving  rise  to  loss  of  cert^g 
functions  (p.  819),  results  in  structural  changes  in  certain  limited  areas  of  ihc 
cord  itself.] 

[All  that  is  meant  by  the  terms  descending  and  ascending  degeneration  is,  tha 
after  section  or  injury  of  the  cord,  or  certain  parts  of  the  brain,  definite  aitfc 
of  the  white  matter  of  the  cord  ibcne 
and  below  the  seat  of  the  lesiou  no 
dergo  degeneration.  It  does  not 
mean  that  the  degeneration  pFOce«i> 
at  a  given  rate  upwards  or  downwiKb 
from  the  seat  of  the  lesion,  for  it  ap- 
pear? that  the  degeneration  may  be 
'  e  as  &r  advanced  at   a  distance 


Fig.  SS5.  Fig.  556. 


from  the  lesion   as  near  it,  so  tl 


onboihBidei,«ndto«lewdegree(h«cerebelI«r  cord  arc  not  exactly  idenUcal  wiri 
tract,  C  T,  and  Gower's  tnw,  G  T.  x  *■  fig.  those  that  occur  in  a  nerve  after  it  b  , 
556. — Descendingdegeneraiionaftera  lesioD  on  divided.  In  the  cord  the  aii.'- 
the  left  «de  of  Ihe  brain.    The  anterior  pyra-   cylinders  break  up  and  are  ab»rW.   1 

midal  tract   of  the   left  side  and   the  crossed   „„  j      _  , ..    .  ■    ...  ,w»_j  ....n^ 

pyramidal  tract  of  the  opposite  aide  are  degen-    a"^  we  know  that  m  the  cord  Dtm^ 

erated.    x  »■  fibres  have  no  primitive  sbeath,  ua 

there  are  no  nuclei,  i.*.,  nerfe<«- 

puscles,  to  proliferate,  as  is  the  case  in  the  Wallerian  degeneration  of  a  ncnt] 

[The  tracts  which  in  each  half  of  the  cord  undergo  descending  d^eser- 

ation  are  (figs.  555,  557):— 

I.  The  crossed  pyramidal  tract, 
a.  The  direct  pyramidal  tract. 
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3.  The  antero-lateral  descending  tract. 

4.  The  descending  comma  tract. 

The  tracts  undergoing  ascending  degeneration  are  (figs.  556,  557) : — 

1.  Goll's  column  or  posterior-median  tract. 

2.  The  cerebellar  tract. 

3.  The  ascending  antero-lateral  tract  or  tract  of  Gowers.] 

Below  the  section,  after  a  time,  the  direct  and  crossed  pyramidal  tracts 
(figs.  557,  558, 1,  i',  2,  2')  degenerate  downwards^  /.^.,  they  undergo  descend- 
ing degeneration,  because  they  are  cut  off  from  their  nutritive  or  trophic 
centres,  which  are  situated  above  in  the  pyramidal  cells  of  the  motor  areas  of 
the  brain  (§  378).  [It  is  important  to  note  that  almost  all  the  fibres  in  these 
tracts  degenerate,  so  that  these  tracts  are  sharply  defined  after  they  have  de- 
generated.] The  trophic  centres  for  the  fibres  of  the  anterior  root  lies  in  the 
multipolar  nerve-cells  of  the  anterior  cornu  of  the  gray  matter  of  the  cord. 

[These  are  the  most  conspicuous  descending  tracts,  but  there  is  also  a  very 
disuse  area,  someof  the  fibres  only  in  which  undergo  descending  degeneration. 
It  lies  in  the  antero-lateral  column,  and  is  called  the  antero-lateral  de- 
scending tract.  It  stretches  as  a  somewhat  narrow  curved  area  from  the 
crossed  pyramidal  tract  towards  the  anterior  column  (fig.  557),  and  internal  to 
the  ascending  tract  of  the  same  name.  Only  a  limited  number  of  the  fibres  in 
this  area  degenerate,  many  remaining  unchanged.  The  small  narrow  descend- 
ing comma  tract  {^g,  557),  which  lies  in  the  postero-external  column,  can 
hardly  be  called  a  tract,  as  it  does  not  extend  along  the  length  of  the  cord  after 
section  of  the  latter ;  in  fact,  it  only  extends  a  short  distance,  and  it  may  repre- 
sent some  fibres  of  the  posterior  root  which  take  a  descending  course  after 
entering  the  cord.] 

[Ascending  Tracts. — ^After  section  of  the  spinal  cord,  Goll's  column  and 
the  direct  cerebellar  tracts  and  the  tract  of  Gowers  degenerate  upwards^  i.  e. , 
they  imdergo  ascending  degeneration.  If  the  posterior  columns  even  be 
divided,  GoU's  column  or  the  postero-median  column  degenerates 
upwards  towards  the  medulla  oblongata,  and  the  degeneration  ends  in  the  pos- 
terior pyramidal  nucleus  or  clava.  Goll's  column  extends  along  the  whole 
length  of  the  cord,  varying,  however,  in  size  at  different  levels.  It  consists  of 
small  fibres  of  a  nearly  uniform  size  (fig.  556).  The  same  result  occurs  if  the 
posterior  nerve-roots  of  the  cauda  equina,  or  other  posterior  nerve-roots,  be 
injured.  Hence  fibres  seem  to  pass  from  the  posterior  root  into  these  columns, 
and  the  nerve-cells  in  the  clava  must  also  have  an  important  relation  to  these 
nerve-fibres  and  the  parts  whence  they  are  derived.  The  postero-external 
column  remains  undegenerated,  so  that  there  is  a  very  sharp  distinction  between 
the  two  parts  of  the  posterior  column.  As  GoU's  column  degenerates  upwards, 
it  points  to  its  fibres  conducting  impulses  in  a  centripetal  direction,  and  to  the 
nutritive  centre  for  its  nerve-fibres  being  below.  The  trophic  centre  is  probably 
in  the  spinal  ganglion  of  the  posterior  root.] 

[It  b  a  most  important  fact  that  ascending  degeneration  occurs  in  Goll's 
column  after  section  of  the  posterior  roots  of  any  of  the  spinal  nerves.  Sup- 
pose the  lower  two  or  three  dorsal  posterior  roots  to  be  divided,  the  degenera- 
tion proceeds  centripetally  along  the  nerve-roots  to  the  cord,  and  can  be  traced 
into  the  postero-external  column  for  a  short  distance  upward  in  this  column — 
.as  the  zone  of  Lissauer — but  at  a  certain  distance  above  the  entrance  of  the 
nerve- roots  no  degeneration  is  found  in  the  postero-external  column,  while  now 
the  degenerated  fibres  can  be  traced  in  the  postero-internal  or  Goll's  column, 
^nd  some  of  the  degenerated  fibres — not  all — can  be  traced  up  to  the  bulb. 
The  degeneration  is  confined  to  the  side  in  which  the  nerve-roots  are  divided. 
This  means  that  fibres  of  the  posterior  root  enter  the  cord,  run  for  a  short  dis- 
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tance  in  the  postero-extemal  zone,  and  in  Lissauer's  zone ;  they  then  enter 
Goll's  column,  and  some  of  them  pass  up  to  the  bulb,  while  others  enter  the 


Fie-  SS7- 
Scheme  showiag  the  dueoeration  tracts,  and  the  paths  that  do  not  undeq^o  degenention  in  the 
cord.  AMF,  aoteiior  median  fUsure ;  DPT  and  CP T,  direct  and  crossed  pyramidal  tracts; 
AR  and  PR,  anterior  and  posterior  roots;  AAL  and  DAL,  ascending  and  desccndii^ 
antero-lateral  tracts;  CT,  cerebellar  tract;  D,  comma-shaped  tract;  PMZ,  posterior 
marginal  zone;  PEC,  posleTO-extemal  columt).  The  parts  left  white  do  not  uudeij^ 
'  degeneration. 

gray  matter  to  form  connections  with  its  nerve-cells.  The  fibres  proceeding  from 
the  several  posterior  ncrw- 
roots,and  which  pass  tbroagh 
Goll's  column  to  the  bulb, 
occupy  a  definite  positloD  in 
this  column.  Those  fibres 
which  arise  from  the  sacral 
nerves  lie  near  the  middle 
line  dorsally,  while  those 
I  from  the  lumbar  region  lie 
near  the  middle  line,  bnt 
are  placed  ventrally,  while 
those  from  the  dorsal  region 
are  in  front  of  the  lumbar 
area  and  extend  laterally, 
and  arc  nearer  the  commis- 
sure of  the  cord.] 
j*  y  [The  direct  cerebellar 

"  tract   (fig.   557),    also  an 

F'g'  558-  elongated    curved    tract  of 

Transverse  section  of  the  spinal  cord,  showing  some  of  the   fibres   lying    in    the    doisal 
secondary  degeneration   tracts.      AR,  anterior,  TR,  pos-   part  of  the  COrd  and   super- 
tenor  root;   I,  I' (CPT),  region  of  the  crossed  pyramidal   fjcial  to  the    crossed    ovra- 
MDPi-)  PEC.  postero-exiernal  column;   LC.    ^j^j^,  (^^^,_  ^,^  undel^oes 
ascending   degeneration    if 
the  cord  be  divided  at  any  level  above  the  junction  of  the  dorsal  and  lumt>ar  r^on. 


lateral  column. 
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This  tract  appears  to  begin  in  the  upper  lumbar  region,  about  the  level  of  the  first 
lumbar  nerve,  and  it  appears  to  be  absent  in  the  lower  lumbar  and  sacral  regions. 
At  least,  section  of  the  cord  in  these  regions  is  not  followed  by  degeneration  in 
the  cerebellar  tract.  The  tract  increases  in  size  from  below  upwards,  and  the 
degeneration  can  be  traced  through  the  restiform  body  into  the  cerebellum. 
The  fibres  composing  this  tract  are  mostly  all  large,  coarse,  or  broad  fibres,  and 
it  is  suggested  that  their  trophic  centre  lies  in  the  cells  of  Clarke's  column  (p. 
791).  It  is  important  to  note  that  degeneration  of  this  tract  follows  only 
when  the  cord  itself  is  divided,  and  not  when  the  posterior  nerve-roots 
are  cut.] 

[The  ascending  antero-lateral  tract  or  tract  of  Gowers  also  under- 
goes ascending  degeneration,  but  only  after  injury  of  the  cord,  not  of  the  nerve- 
roots  (figs.  556,  557).  It  lies  superficially  on  the  anterior  aspect  of  the  lateral 
column  (fig.  557),  and  extends  along  the  whole  length  of  the  cord.  It  fills  up 
the  area  superficial  to  the  crossed  pyramidal,  cerebellar,  and  descending  antero- 
lateral tracts.  All  the  fibres  in  this  area  do  not  degenerate.  The  degenerate 
ones  are  always  intermixed  with  a  considerable  number  of  normal  fibres.  The 
nerve-fibres  which  compose  this  tract  are  intermediate  in  size  between  the  large 
fibres  of  the  cerebellar  tracts  and  the  fine  fibres  of  Goll's  column.  By  some 
it  is  said  to  pass  to  the  cerebellum,  and  to  be  merely  an  outlying  part  of  the 
cerebellar  tract.  Its  fibres  are  perhaps  derived  from  certain  cells  in  the 
gray  matter  of  the  cord  in  which  some  of  the  fibres  of  the  posterior  root 
terminate.] 

[Areas  which  do  not  degenerate. — Even  when  we  have  accounted  for  the 
foregoing  fibres,  there  still  remains  considerable  areas  of  fibres  which  do  not 
undergo  degeneration  either  after  section,  injury,  or  disease  of  the  cord.  This 
area  includes  the  anterior  ground  bundle  or  antero-external  column,  the  pos- 
tero-external  column,  and  a  considerable  part  of  the  lateral  column,  forming 
an  elongated  area  bounding  the  gray  matter  of  its  own  half  of  the  cord.  It 
has  been  suggested  that  those  fibres  of  the  spinal  cord  which  do  not  degen-  , 
erate  after  section  of  the  cord  are  commissural  in  function,  connecting  gang- 
lionic cells  with  each  other,  and  are,  therefore,  provided  with  a  trophic  centre 
at  both  ends.  Of  the  above-named  areas,  the  postero-external  column  is  com- 
posed chiefly  of  fibres  of  the  posterior  root.] 

[To  the  posterior  root  also  belongs  a  very  small  area  of  fibres  lying  on  the 
posterior  aspect  of  the  tip  of  the  pMMterior  horn,  and  known  as  the  posterior 
marginal  zone  or  zone  of  Lissauer,  which  is  composed  of  very  fine  fibres 

<fig-  557).] 

Time  of  Development  of  the  Spinal  Tracts. — With  regard  to  the  time  of  development 
of  the   individual  systems,  Flechsig  Hnds  that  the   first-formed   paths  are   those  between  the 
periphery  and  the  central  pray  matter,  especially  the  nerve-roots^  i,  e.^  they  are  the  first  to  be 
covered  with  the  myelin.     Then  fibres  which  connect  the  gray  matter  at  different  levels  are 
formed — ^the  fibres  which  connect  the  gray  matter  of  the  cord  with  the  cerebellum,  and  also 
the  former  with  the  tegmentum  of  the  cerebral  peduncle.     At  last  the  fibres  which  connect  the 
ganglia  of  the  pedunculus  cerebri,  and  perhaps  also  the  gray  matter  of  the  cortex  cerebri  with 
the  gray  matter  of  the  cord  are  formed.     In  cases  of  anencephalous  foetuses,  i.  e.,  where  the 
cerebrum  is  absent,  neither  the  pyramidal  tracts  nor  the  pyramids  are  developed.     In  the  drain 
before  birth,  medullated  nerve-fibres  are  formed  in  the  paracentral,  central,  and  occipital  con- 
volutions, and  in  the  island  of  Reil,  and  last  of  all  in  the  frontal  convolutions  ( Tuczek).     [At 
birthy  all  the  tracts  of  the  cord  are  medullated  except  the  pyramidal  tracts,  so  that  in  a  section  of 
the  cord  of  a  new-born  child  these  tracts  appear  gray  in  the  contrast  to  the  other  white  tracts  of 
the  cord.] 

360.  SPINAL  REFLEXES.— By  the  term  reflex  movement  is  meant 
3,  movement  caused  by  the  stimulation  of  an  afferent  (sensory)  nerve.     The 
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stimulus,  on  being  applied  to  an  afferent  nerve,  sets  up  a  state  of  ezcitemeot 
(nervous  impulse)  in  that  nerve,  which  state  of  excitement  is  transmitted  or 
conducted  in  a  centripetal  dutcXion  along  the  nerve  to  the  centre  (spinal  cord 
in  this  case) ;  where  the  nerve-cells  represent  the  nerve-centre  in  the  cord, 
the  impulse  is  transferred  to  the  motor,  efferent  or  centrifugcU  channel. 
Three  factors,  therefore,  are  essential  for  a  reflex  motor  act — a  centripetal  or 
afferent  fibre,  a  transferring  centre,  a  centrifugal  or  efferent  fibre ;  these 
together  constitute  a  reflex  arc  (fig.  559).  In  a  purely  reflex  act  all  voluntary 
activity  is  excluded. 

Reflex  movements  may  be  divided  into  the  three  following  groups : — 

I.  The  simple  or  partial  reflexes,  which  are  characterized  by  the  kt 
that  stimulation  of  a  sensory  area  discharges  movement  in  one  muscle  only,  or 
at  least  in  one  limited  group  of  muscles.  Example :  Contact  with  the  con- 
junctiva causes  closure  of  the  eyelids ;  the  afferent  nerve  is  the  5th  and  the 
efferent  the  7th  cranial  nerve,  and  the  centre  lies  in  the  gray  matter  of  the 
medulla  oblongata. 

II.  The  extensive  inco-ordinate  reflexes,  or  reflex  spasms. — These 
movements  occur  in  the  form  of  clonic  or  tetanic  contractions;  individual 


Fig.  559.  Fig.  560. 

Fig.  559. — Scheme  of  a  reflex  arc.  S,  skin ;  M,  muscle;  N,  nerve-cdl,  with  a/",  afTerefU,  lod 
ef^  efferent  Bbres.  Fig.  560. — Section  of  a  spinal  segment,  showing  a  unilatoid  and  cr»sed 
reflex  act.     A,  anterior,  and  P,  posterior  surface;  M,  muscle;  S,  ^n;  G,  ganglioii. 

groups  of  muscles,  or  all  the  muscles  of  the  body  may  be  implicated.  Causes : 
A  reflex  spasm  depends  upon  a  double  cause — («)  Either  the  ^"^  matter  w 
the  spinal  cord  is  in  a  condition  of  exalted  excitability ,  so  that  the  nerroos 
impulse,  after  having  reached  the  centre,  is  easily  transferred  to  the  neighbornig 
centres.  This  excessive  excitability  is  produced  by  certain  poisons,  more 
especially  by  strychnin,  brucia,  caffein,  atropin,  nicotin,  carbolic  acid,  etc. 
The  slightest  touch  applied  to  an  animal  poisoned  with  strychnin  is  sufficient 
to  throw  the  animal  at  once  into  spasms.  Pathological  conditions  nwy  cause  a 
similar  result ;  thus,  there  is  excessive  excitability  in  hydrophobia  and  tetaaos. 
On  the  other  hand,  the  central  organ  may  be  in  such  a  condition  that  cxtensrre 
reflexes  cannot  take  place ;  thus,  in  the  condition  of  apncea,  the  spasms  thii 
occur  in  poisoning  with  strychnin  do  not  take  place  (y.  Rosenthal  and Lmhe^ ; 
this  is  brought  about  by  the  passive  artificial  respiratory  movements  strctchinj: 
the  cutaneous  nerves  of  the  chest  and  abdomen  (§  361,  3),  The  performanct 
of  other  passive  periodic  movements  in  various  parts  of  the  body  also  produces 
a  similar  condition  {Buchheim).  If  the  spinal  cord  be  cooled  very  ccwasldcr- 
ably,  reflex  spasms  may  not  occur  {Kunde).  {Jf)  Extensive  reflex  movemeiits 
may  also  take  place  when  the  discharging  stimulus  is  very  strong.   Examples 
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of  this  condition  occur  in  man,  thus — 
intense  neuralgia  may  be  accompanied 
by  extensive  spasmodic  movements. 

[Fig.  561  sbows  tbe  mecbBnism  of  dmple  tad 
tooplex  reflex  niovenienu.  Suppose  the  sk'D 
to  I*  tlimalslcd  >t  P;  an  impuLie  is  leot  to  A 
and  from  il  10  a  muscle  I  oa  the  same  side,  le- 
niltii^  in  >  unilateral  simple  reflex  movemeat — 
Ihe  rtMstincc  being  less  JD  this  direction  than  in 
Iheutier  channels.  If  ihe  impulse  be  itronger, 
or  tlie  iransTerse  resistance  in  the  cord  dimio- 
labed,  the  impulse  maj  pus  lo  P,  thtoce  to  2, 
mulling  in  ■  aymmeuical  reflex  movemeot  on 
bMh  sides.  But  if  a  very  slroug  impulse  react) 
the  cord,  or  if  the  excitabilily  of  the  gray  mailer 
be  incrcued,  t-g.,  by  strychoin,  the  resistance  to 
the  difltuion  of  the  impulse  is  diminished,  and 
il  passes  upward  to  C  and  D,  lesalling  in  more 
complex  mofcments — thus  there  is  irradiation — 
or  It  may  even  afTecl  the  centres  in  the  medulla 
iblongata,  E,  giving  rise  to  general  couvul^ve 

IIIOireiIKDlS.~J 

Genera]  spaaniB  usually  manifest  themselves 
a  "  extensor  tetanus  "  or  "  opistbotonoa," 

rJe*.  Nerves  which  arise  from  the  medulla 
ibloDgala  may  be  excited  through  (he  stimulation 
if  distant  aflerent  nerves,  without  general  spasm* 
eing  pmdaccd. 

StrycImiD  is  tbe  most  powerfiil  reBex-prodoc- 
^  poison  we  possess,  and  it  acta  upon  Ihe  gray 
laUer  of  the  spinal  cord.  [An  animal  poisoned 
'ilh  strychnin  exhibits  tetanic  Sjiasms  on  the 
pplication  of  the  slightest  stimulus.  All  tbe 
loscles  become  rigid,  but  the  extensors  overcome 
<e  fteiora.]  If  the  heart  of  a  frog  be  ligatured,  and  tbe  poison  afterwaida  applied  direcily  to 
le  lipinal  cord,  reflex  spasms  are  produced,  proving  that  strychnin  acts  upon  tbe  spinal  coid. 
uring  the  spasm  tbe  heart  is  arrested  in  diastole,  o'iring  to  the  stimuUlian  of  the  vs^us, 
bile  ifae  arterial  blood- pressure  is  greatly  increased  owing  to  stimulation  of  the  central  vaso- 
oeor  centres  of  the  medulla  oblongata  and  spinal  cord.  Mammals  may  die  from  asphyxia 
iring  Ihe  atlack;  and  after  lir^e  doses,  death  may  occur,  owing  to  paralysis  of  the  spinal 
•ni,  due  to  the  frequently  recurring  spasms.  Fowls  are  unaifected  by  comparalively  large  doses. 
Ve  can  prove  that  strychnin  does  not  produce  spasms  by  acting  on  the  brain,  muscle,  or  nerve, 
eslroy  tbe  brain  of  a  frog,  divide  one  sciatic  nerve  high  up,  and  inject  a  small  dose  of  strychnin 
:o  the  dorsal  lymph.sac ;  in  a  few  minutes  all  ibe  muscles  of  the  body,  except  those  supplied 

the  divided  nerve,  will  be  in  spasms,  showing  that  ahhough  the  poisoned  blood  has  circulated 
tbe  nerves  and  mu<cles  of  tbe  1^,  it  does  not  act  on  them.     Destroy  the  spinal  cord,  and  the 

Summation  of  Stimuli. — By  this  term  is  meant  that  a  single  weak  sliraulus, 
lich  in  itself  is  incapable  of  discharging  a.  reflex  act,  may,  if  repeated 
fficiently  often,  produce  this  act.  The  single  impulses  are  conducted  to  the 
inal  cord,  in  which  the  process  of  "  summation  "  takes  place.  According  to 
Rosenthal,  3  feeble  stimuli  per  second  are  capable  of  producing  this  effect, 
hough  16  stimuli  per  second  are  most  effective.  On  increasing  the  number 
stimuli  per  second,  no  further  increase  of  the  reflex  act  is  possible.  Other 
servers  (,Stiriing,  iVard)  have  found  that  stimuli,  such  as  induction  shocks, 
;  active  within  much  wider  limits,  e.g.,  from  0.05  to  0.4  second  interval.  W. 
rViDg  has  shown  it  to  be  extremely  probable  that  all  reflex  acts  are  due  to  the 
>etition  of  impulses  in  the  nerve-centres. 

Strycboin  interferes  with  tbe  summation  of  stimuli,  but  the  reflex  excitability  is  so  greatly  ex- 
td  that  a  Diinimal  stimulus  is  at  the  same  time  a  maximal  one.] 


Be.  561. 

Scheme  of  mode  of  propagation  of  reflex 
movements.  P,  akin;  A,  B,  C,  D.  motor 
cells  m  spinal  cord  ;  I,  z.  3,  4,  5,  muscles. 
(In  Ihe  light  of  tbe  recent  results  of  Golgi 
and  Cayal,  tbe  scheme  is  no  longer  valid.) 
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Pfl&ger's  Law  of  Reflex  Actions. — (i)  The  reflex  movement  occurs  on  /i^  sawu  side  oo 
which  the  sensory  nerve  is  stimulated ;  while  only  those  muscles  contract  whose  nerves  arise  from 
the  same  segment  of  the  spinal  cord.  (2)  If  the  reflex  occur  on  the  other  side,  only  the  corre- 
sponding muscles  contract.  (3)  If  the  contractions  be  unequal  upon  the  two  sides,  then  the 
most  vigorous  contractions  always  occur  on  the  side  which  is  stimulated.  (4)  If  die  refiex 
excitement  extend  to  other  motor  nerves^  those  nerves  are  always  affected  wtuch  lie  b  the 
direction  of  the  medulla  oblongata.  Lastly,  all  the  muscles  of  the  body  may  be  tfarovn  uno 
contraction. 

Crossed  Reflexes. — There  are  exceptions  to  these  rules  If  the  region  of  the  eye  be  irritated 
in  a  frog  whose  cerebrum  is  removed,  there  is  frequently  a  reflex  contraction  in  the  bind  limb  of 
the  opposite  side  {^Luchsinger^  Langendorff),  In  beheaded  tritons  and  tortoises,  and  in  deeplj 
narcotized  dogs  and  cats,  tickling  one  fore  limb  is  frequently  followed  by  a  movement  of  the  hied 
limb  of  the  opposite  side  {Luchsinger),  This  phenomenon  is  called  a  *'  crossed  reflex"  |6g. 
560).  If  the  spinal  cord  be  divided  along  the  middle  line  throughout  its  entire  extent,  then  of 
course  the  reflexes  are  confined  to  one  side  only  {Schiff), 

III. — Extensive  co-ordinated  reflexes  are  due  to  stimuIatioD  of  a  sen- 
sory nerve,  causing  the  discharge  of  complicated  reflex  movements  in  whole 
groups  of  different  muscles,  the  movements  being  **  purposive  "  in  character, 
i.e.f  as  if  they  were  intended  for  a  particular  purpose. 

Methods. — The  experiments  are  made  upon  cold-blooded  animals  (decapitated  or  pithed  firo^ 
tortoises,  or  eels)  or  upon  mammals.  In  the  latter,  artificial  respiration  is  kept  up,  and  the  km 
arteries  going  to  the  head  are  ligatured,  in  order  to  eliminate  the  action  of  the  brain  {Sig.  Maytf^ 
Luchsinger).  The  reflexes  of  the  lower  part  of  the  spinal  cord  may  be  studied  on  aiuiBak(ar 
men),  in  cases  where  the  spinal  cord  is  divided  transversely  in  the  upper  dorsal  region.  In  »cb 
cases  some  time  must  elapse  in  order  that  the  primary  eflect  of  the  lesion  (the  so-called  shock), 
which  usually  causes  a  diminution  of  the  reflexes,  may  pass  off.  Very  young  mammab  exhibti 
reflexes  for  a  considerable  time  after  they  are  beheaded. 

Examples: — i.  The  protective  movements  of  pithed  or  decafHtated 
frogs.  [If  a  drop  of  a  dilute  acid  be  applied  to  the  skin  of  such  a  frog,  im- 
mediately it  strives  to  get  rid  of  the  offending  body,  and  it  generally  succeeds 
in  doing  so.]  Similarly,  it  kicks  against  any  fixed  body  pushed  against  it 
These  movements  are  so  purposive  in  their  character,  and  the  actions  of  groups 
of  muscles  are  so  adjusted  to  perform  a  particular  act,  that  Pfluger  regarded 
them  as  directed  by  and  due  to  **  consciousness  of  the  spinal  cord.**  If  a  flaioe 
be  applied  to  the  side  of  part  of  the  body  of  an  eel,  the  body  is  moved  away 
from  the  flame.  The  tail  of  a  decapitated  triton,  tortoise,  newt,  eel,  or  snake 
is  directed  towards  a  gentle  stimulus,  but  if  a  violent  stimulus  is  used,  it  is  di- 
rected away  from  it  (Luchsinger), 

2.  Goltz's  Croaking  Experiment. — A  pithed  (male)  frog,  />.,  one  with 
its  cerebral  lobes  alone  removed  (or  one  with  its  eyes  or  ears  destroyed— 
Langendorff),  croaks  every  time  the  skin  of  its  back  or  flanks  is  gently  stroked. 
[Some  male  frogs,  when  held  up  by  the  finger  and  thumb  immediately  behiud 
the  fore  legs,  croak  every  lime  gentle  pressure  is  made  on  their  flank.] 

3.  Goltz's  "  Embrace  Experiment." — During  the  breeding  season  in 
spring,  the  part  of  the  body  of  the  male  frog  between  the  skull  and  the  foiirtb 
vertebra  embraces  every  rigid  object,  which  is  brought  into  contact  with,  and 
gently  stimulates,  the  skin  over  the  sternum. 

In  the  intacl  animal,  the  exciting  stimulus  lies  in  the  degree  of  filling  of  the  male  seminal  a^ 
(Tarchanoff\     The  reflex  ceases  at  once  on  gently  stimulating  the  optic  lobes  [AlberUm). 

4.  In  mammals  (dogs),  the  following  reflex  acts  are  performed  by  the  pos- 
terior part  of  the  spinal  cord,  even  after  it  is  separated  from  the  rest  of  tJw 
cord  : — [In  mammals,  however,  the  cord  takes  a  long  time  to  recover  from  the 
shock  of  the  operation,  compared  with  the  time  required  for  this  result  in  cold- 
blooded animals.]  Scratching  with  the  hind  feet  a  part  of  the  skin  which  has 
been  tickled  (just  as  in  intact  animals) ;  the  movements  necessary  for  emptying 
the  bladder  and  for  defaecation,  as  well  as  those  necessary  for  erection ;  the 
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movements  necessary  for  parturition  {Goitz^  Freusbergand  Gergens),  Co-ordi- 
nated movements  do  not,  as  a  rule,  occur  simultaneously  in  portions  of  the 
spinal  cord  lying  widely  apart  after  removal  of  the  medulla  oblongata.  Accord- 
ing to  Ludwig  and  Owsjannikow,  the  medulla  oblongata  perhaps  contains  a 
reflex  organ  of  a  higher  order,  which  forms,  as  it  were,  a  centre  for  combining, 
through  the  medium  of  the  nerve-fibres,  the  various  reflex  provinces  in  the 
spinal  cord. 

5.  Co-ordinated  reflexes  may  occur  in  man  during  sleep  and  during  patho- 
logical comatose  conditions. 

Moj^t  of  the  movements  which  we  perform  while  we  are  awake,  and  which  we  execute  uncon- 
sciously—or even  when  our  psychic&l  activities  are  concentrated  upon  some  other  object — really 
belong  to  the  category  of  co-ordinated  reflexes.  Many  complicated  motor  acts  must  first  be 
learned — e.g,^  dancing,  skating,  riding,  walking— before  unconscious  harmonious  co-ordinated 
reflexes  can  again  be  discharged.  The  co  ordinated  reflex  movements  of  coughing,  sneezing,  and 
vomiting  depend  upon  the  spinal  cord,  together  with  the  medulla  oblongata. 

The  following  facts  are  also  important : — 

1.  Reflexes  are  more  easily  and  more  completely  discharged  when  the 
specific  end-organ  of  the  afferent  nerve  is  stimulated,  than  when  the  trunk 
of  the  nerve  is  stimulated  in  its  course  {Marshall  Hally  1837).  [Thus,  by 
gently  tickling  the  skin,  it  is  easy  to  discharge  a  reflex  act,  while  it  requires  a 
strong  stimulus  to  be  applied  to  an  exposed  sensory  nerve  in  order  to  do  so.] 

2.  A  stronger  stimulus  is  required  to  discharge  a  reflex  movement  than  for  the 
direct  stimulation  of  motor  nerves. 

3.  A  movement  produced  reflexly  is  of  shorter  duration  than  the  correspond- 
ing movement  executed  voluntarily.  Further,  the  occurrence  of  the  move- 
ment after  the  moment  of  stimulation  is  distinctly  delayed.  In  the  frog,  a 
period  nearly  twelve  times  as  long  elapses  before  the  occurrence  of  the  con- 
traction than  is  occupied  in  the  transmission  of  the  impulse  in  the  sensory  and 
motor  nerves  {HelmholtZy  1854).  Thus,  the  spinal  cord  offers  resistance  to  the 
transmission  of  impulses  through  it. 

The  term  '*  reflex  time  "  is  applied  to  the  time  necessary  in  the  cord  itself  for  transferring  the 
impulse  from  the  afferent  flbre  to  the  nerve-celb  of  the  cord,  and  from  them  to  the  efferent  fibre. 
In  the  frog  it  is  equal  to  0.008  to  0.015  second.  The  time,  however,  is  increased  by  almost  one- 
third,  if  the  impulse  pass  to  the  other  side  of  the  cord,  or  if  it  pass  along  the  cord,  eg.y  from  the 
sensory  nerves  of  the  anterior  extremity  to  the  motor  roots  of  the  posterior  limb.  Heat  diminishes 
the  reflex  time  and  increases  the  reflex  excitability.  Lowering  the  temperature  (winter  frogs), 
9S  well  as  the  reflex-exciting  poi>ons  already  mentioned,  lengthens  the  reflex  time,  whilst  the 
reflex  excitability  is  simultaneously  increased.  Conversely,  the  reflex  time  diminishes  as  the 
strength  of  the  stimulus  increases,  and  it  may  even  become  of  minimal  duration  {J.  Rosenthal), 
The  reflex  time  is  determined  by  ascertaining  the  moment  at  which  the  sensory  nerve  is  stimu- 
lated, and  the  subsequent  contraction  occurs.  Deduct  from  this  the  time  of  latent  stimulation 
(<}  298,  I),  and  the  time  necessary  for  the  conduction  of  the  impulse  (J  298)  in  the  afferent  and 
efferent  nerves  (v.  Helmholtz^  J.  Rosenthal,  Exner,  Wundt\ 

[Influence  of  Drugs. — The  latent  period  and  reflex  time  are  influenced  by  a  large  num- 
ber of  conditions.  In  a  research,  still  unpublished,  W.  Stirling  finds  that  the  latent  period  may 
remain  nearly  constant  in  a  pithed  frog  for  nearly  two  days,  when  tested  by  TUrck's  method. 
Sodic  chloride  does  not  influence  the  time,  nor  does  sodic  bromide  or  iodide.  Potassic  chloride, 
however,  lengthens  it  enormously,  or  even  abolishes  reflex  action  after  a  very  short  time,  and  so 
do  potassic  bromide,  ammonium  chloride  and  bromide,  chloral  and  croton-chloral.  The  lithia 
salts  also  lengthen  the  reflex  time,  or  abolish  the  reflex  act  after  a  time.] 

361.  INHIBITION  OF  THE  REFLEXES.— Within  the  body 
there  are  mechanisms  which  can  suppress  or  inhibit  the  discharge  of  reflexes, 
and  they  may  therefore  be  termed  mechanisms  inhibiting  the  reflexes. 
These  are : — 

I.  Voluntary  Inhibition. — Reflexes  may  be  inhibited  voluntarily,  both 
in  the  region  of  the  spinal  cord  and  brain.  Examples  :  Keeping  the  eyelids 
open  when  the  eyeball  is  touched ;  arrest  of  movement  when  the  skin  is  tickled. 
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We  must  observe,  however,  that  the  suppression  of  reflexes  is  possible  only  np 
to  a  certain  point.  If  the  stimulus  be  strong,  and  repeated  with  sufficient  fre- 
quency, the  reflex  impulse  ultimately  overcomes  the  voluntary  eflfort  It  is 
impossible  to  suppress  those  reflex  movements  which  cannot  at  any  time  be 
performed  voluntarily.  Thus,  erection,  ejaculation,  parturition,  and  the  mofe- 
ments  of  the  iris,  are  neither  direct  voluntary  acts,  nor  can  they,  when  they  are 
excited  reflexly,  be  suppressed  by  the  will. 

2.  Setschenow's  inhibitoiy  centre  is  another  cerebral  apparatus,  which 
in  the  frog  is  placed  in  the  optic  lobes.  If  the  optic  lobes  be  separated  from 
the  rest  of  the  brain  and  spinal  cord,  by  a  section  made  below  it,  the  reflex 
excitability  is  increased.  If  the  lower  divided  surface  of  the  optic  lobes  be 
stimulated  with  a  crystal  of  common  salt  or  blood,  the  reflex  movements  are 
suppressed.  The  same  results  obtain  when  only  one  side  is  operated  on. 
Similar  organs  are  supposed  to  be  present  in  the  corpora  quadngemina  and 
medulla  oblongata  of  the  higher  vertebrates.  From  i  and  2  we  may  explain 
why  reflex  movements  occur  more  regularly  and  more  readily  after  separation 
of  the  brain  from  the  spinal  cord. 

[Quinine  greatly  diminishes  the  reflex  excitabifityin  the  frog,  but  if  the  medolla  obloogilt 
be  divided,  the  reflex  excitability  of  the  cord  is  festored.  The  depression  is  ascribed  by  Qupan 
to  the  action  of  the  quinine  on  Setschenow's  centres.] 

3.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  movemeoti 
The  reflex  does  not  take  place  if  an  afferent  nerve  be  stimulated  very  powcr- 
fuJiy  iGoltZj  Lewisson).  Examples :  Suppressing  a  sneeze  by  friction  of  the 
nose  [compressing  the  skin  of  the  nose  over  the  exit  of  the  nasal  nerve] ;  sup- 
pression of  the  movements  produced  by  tickling,  by  biting  the  tongue.  Very 
violent  stimulation  may  even  suppress  the  co-ordinated  reflex  movements  nsiaily 
controlled  by  voluntary  impulses.  Violent  pain  of  the  abdominal  orgaos 
(intestine,  uterus,  kidneys,  bladder,  or  liver)  may  prevent  a  person  from 
walking  or  even  from  standing.  To  the  same  category  belongs  the  fact  that 
persons  fall  down  when  internal  organs  richly  supplied  with  nerves  are  injored, 
there  being  neither  injury  of  the  motor  nerves  nor  loss  of  blood  to  account  for 
the  phenomenon.  Excitement  of  the  central  organs  through  other  centripetal 
channels  (nerves  of  special  sense,  and  those  of  the  generative  organs)  diminishes 
the  reflexes  in  other  channels. 

4.  It  is  important  to  note  that  in  the  suppression  of  reflexes,  antagonistic  muscles  are  ofe> 
thrown  into  action,  whether  voluntarily  or  by  the  stimulation  of  sensory  nerves,  1.  e.,  rdlexJy. 
In  some  cases,  in  order  to  cause  suppression  of  the  reflex,  it  appears  to  be  snflicient  to  dTrecten' 
attention  to  the  execution  of  such  a  complicated  reflex  act.  Thus  some  persons  cannot  awese 
when  they  think  intently  upon  this  act  itself  (Darwin),  The  voluntary  impulse  rapidly  reacbo 
the  reflex  centre,  and  begrins  to  influence  it  so  that  the  normal  course  of  the  r^ex  stimulatio&t 
due  to  an  impulse  from  the  periphery,  is  interfered  with  {Sckldsser), 

5.  Drugs. — Chloroform  diminishes  the  reflex  excitability  by  acting  upon 
the  centre,  and  a  similar  effect  is  produced  by  picrotoxin,  morphia,  narcotin, 
thebain,  aconitin,  quinine,  hydrocyanic  acid.  [Chloroform  may  abolish  the 
reflexes  without  arresting  conduction.  W.  Stirling  finds  that  chloral,  potsssk 
bromide  and  chloride,  ammonium  chloride,  but  not  sodium  chloride,  greatly 
diminish  the  reflex  excitability.     Nicotin  increases  it  in  frogs  {Freusberg).'] 

A  constant  current  of  electricity  passed  longitudinally  through  the  cord 

diminishes  the  reflexes  (^Ranke),  especially  if  the  direction  of  the  current  is  from 

above  downwards  {Legros  and  OnimuSy  Uspensky), 

[Some  drugs  aflect  the  reflex  excitability  directly  by  acting  on  the  spinal  cord,  e./. 
methylconine,  but  other  drugs  may  produce  the  same  result  indirectly  by  afiecttng  the  besit 
and  the  blood -supply  to  the  cord.  If  the  abdominal  aorta  of  a  rabbit  be  compressed  iotzk^ 
minutes  to  cut  on  the  supply  of  blood  to  the  cord  and  lower  limbs,  temporary  parapk^ia  i» 
produced.] 
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If  frogs  be  asphyxiated  in  air  deprived  of  all  its  O,  the  brain  and  spinal  cord  become  com- 
pletely unexcitable,  and  can  no  longer  discharge  reflex  acts.  The  motor  nerves  and  the  muscles, 
however,  suffer  verv  little,  and  may  retain  their  excitability  for  many  days  (Auheri). 

^Nature  of  Inhibition. — The  foregoing  view  assumes  the  existence  of  inhibitory  centres, 
but  it  is  important  to  point  out  that  it  has  been  attempted  to  explain  this  phenomenon  without 
postulating  the  existence  of  inhibitory  centres.  During  inhibition  the  function  of  an  organ  is 
restrained — during  paralysis  it  is  abolished,  so  that  there  is  a  sharp  distinction  between  the  two 
conditions.  The  analogy  between  inhibitory  phenomena  and  the  effects  of  interference  of 
waves  of  light  or  sound  has  been  pointed  out  by  Bernard  and  Romanes,  while  Lauder  Brunton 
has  tried  to  explain  the  question  on  a  physical  basis,  indicating  that  inhibition  is  not  dependent 
on  the  existence  of  special  inhibitory  centres,  but  that  stimulation  and  inhibition  are  different 
phases  of  excitement,  the  two  terms  being  relative  conditions  depending  on  the  length  of  the 
path  along  which  the  impulse  has  to  travel,  and  the  rate  of  its  transmission.  Brunton  points 
out  that  the  known  facts  are  mo^t  consistent  with  an  h3rpothesis  of  the  interference  of  waves, 
one  with  another,  than  with  the  supposition  that  there  are  inhibitory  centres  for  every  so-called 
inhibitory  act  in  the  body.  In  discussing  this  question  great  regard  must  be  had  to  the  action  of 
the  vagus  on  the  heart  ({  369).]  . 

Tiirck's  method  of  testing  the  reflex  excitability  of  a  frog  is  the  following : 
A  frog  is  pithed,  and  after  it  has  recovered  from  the  shock  its  foot  is  dipped 
into  diluie  sulphuric  add  [2  per  1000].  The  time  which  elapses  between  the 
leg  being  dipped  in  and  the  moment  it  is  withdrawn  is  noted.  [The  time  may 
be  estimated  by  means  of  a  metronome,  or  the  movements  may  be  inscribed 
upon  a  recording  surface.  The  time  which  elapses  is  known  as  the  "period 
of  latent  stimulation.*'] 

Thb  time  is  greatly  prolonged  after  the  optic  lobes  have  been  stimulated  with  a  crystal  of 
common  salt  or  blood,  or  after  the  stimulation  of  a  sensory  nerve. 

Srtschenow  distinguished  tactile  reflexes,  which  are  discharged  by  stimulation  of  the  nerves 
of  touch;  and  pathic,  which  are  due  to  stimulation  of  sensory  (pain-conducting)  fibres.  He 
and  Paschntin  suppose  that  the  tactile  reflexes  are  suppressed  by  voluntary  impulses,  and  the 
patfak  by  the  centre  in  the  optic  lobes. 

Theory  of  Reflex  liovcmentm, — The  icJInwiim  tlnory  1ms  heen  propoonded  to  account 
for  the  phenomena  already  described :  It  is  assumed  that  the  afferent  fibre  within  the  gray  matter 
of  the  spinal  cord  joins  one  or  more  nerve- cells,  and  thus  is  placed  in  communication  in  all  direc- 
tions with  the  network  of  fibres  in  the  gray  substance.  Any  impulse  reaching  the  gray  matter 
of  the  cord  has  to  overcome  considerable  resistance.  The  least  resistance  lies  in  the  direction 
of  those  efferent  fibres  which  emerge  in  the  same  place  and  upon  the  same  side  as  the  entering 
fibre.  Thus,  the  feeblest  stimulant  gives  rise  to  a  simple  reflex^  which  generally  is  merely  a 
simple  protective  movement  for  the  part  of  the  skin  which  is  stimulated.  Still  greater  resistance 
is  opposed  in  the  direction  of  other  nootor  ganglia.  If  the  reflex  impulse  is  to  pass  to  these 
ganglia,  either  the  discharging  stimulus  must  be  considerably  increased^  or  the  resistance  within 
the  connections  of  the  ganglia  of  the  gray  matter  must  be  diminished.  The  latter  condition  is 
produced  by  the  action  of  the  above-named  poisons  as  well  as  during  general  increased  nervous 
excitability  (hysteria,  nervousness).  Thus,  extensive  reflex  spasms  may  be  produced  eithei*  by 
increasing  the  stimulus,  or  by  diminishing  the  resistance  to  conduction  in  the  spinal  cord. 
Those  conditions  which  render  the  occurrence  of  reflexes  more  difficult,  or  abolish  them  alto- 
gether, must  be  regarded  as  increasing  the  resistance  in  the  reflex  arc  in  the  cord.  The  action 
of  the  reflex  inhibitory  mechanism  may  be  viewed  in  a  similar  manner. 

The  fibres  of  the  reflex  arc  must  have  a  connection  with  the  reflex  inhibitory  paths;  we  must 
assume  that  equally  by  the  reflex  inhibitory  stimulation  resistance  is  introduced  into  the  reflex 
arc  The  explanation  of  extensive  co-ordinated  movements  is  accompanied  with  difficulties.  It 
is  assumed  that  by  use  and  also  by  heredity  those  ganglionic  cells  which  are  the  first  to  receive 
the  impulse  are  placed  in  the  path  of  least  resistance  in  connection  with  those  celb  which  trans- 
fer the  impulse  to  the  groups  of  muscles,  whose  contraction,  resulting  in  a  co-ordinated  purposive 
movement,  prevents  the  body  or  the  limb  from  being  affected  by  any  injurious  influences. 

[In  the  light  of  the  recent  results  of  Rani6n  y  Cayal  (p.  797),  viz.,  that  the  afferent  fibres 
break  up  in  the  gray  matter  of  the  cord,  and  terminate  in  fibrils  which  end  free  and  do  not  anas- 
tomose with  the  processes  of  nerve- cells,  we  must  assume  that  contact  of  fibrils  is  sufficient  to 
enable  impulses  to  be  communicated  from  one  fibril  to  another.] 

Pathological. — Anomalies  of  reflex  activity  afford  an  important  field  to  the  physician  in  the 
investigation  of  nervous  diseases.  Enfeeblement,  or  even  complete  abolition  of  the  reflexes 
may  occur:  (i)  Owing  to  diminished  sensibility  or  complete  insensibility  of  the  afferent  fibres;  (2) 
in  analogous  affections  of  the  central  organ ;  (3)  or,  lastly,  of  the  efferent  fibres.  Where  there  is 
^reneral  depression  of  the  nervous  activity  (as  after  shocks,  compression  or  inflammation  of  the 
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central  nervous  organs;  in  asphyxia,  in  deep  coma,  and  in  consequence  of  the  actkm  of  ouj 
poisons),  the  reflexes  may  be  greatly  diminished  or  even  abolished. 

[Reflexes. — The  physician,  by  studying  the  condition  of  the  reflexes,  can 
form  an  idea  as  to  the  condition  of  practically  every  inch  of  the  spinal  cord. 
There  are  three  groups  of  reflexes,  (a)  the  superficial^  (^)  the  deep  or  ten- 
don, (c)  the  organic  reflexes.] 

[The  superficial  cutaneous  or  skin  reflexes  are  excited  by  stimulating 
the  skin,  e.g.,  by  tickling,  pricking,  scratching,  etc.  We  can  obtain  a  series 
of  reflexes  from  below  as  far  up  as  the  lower  part  of  the  cervical  region.  The 
plantar  reflex  is  obtained  by  tickling  the  soles  of  the  feet,  when  the  leg 
on  that  side,  or,  it  may  be,  both  legs  are  drawn  up.  It  is  always  present  in 
health,  and  its  centre  is  in  the  lunnbar  enlargement  of  the  cord.  The  cremas- 
teric reflex  is  well  marked  in  boys,  and  is  easily  produced  by  exciting  the  skin 
on  the  inner  side  of  the  thigh,  when  the  testicle  on  that  side  is  retracted.  The 
gluteal  reflex  consists  in  a  contraction  of  the  gluteal  muscles,  when  the  skin 
over  the  buttock  is  stimulated.  The  abdominal  reflex  consists  in  a  similar 
contraction  of  the  abdominal  muscles,  when  the  skin  over  the  abdomen  in  the 
mammary  line  is  stimulated.  The  epigastric  reflex  is  obtained  by  stimalitiog 
the  skin  in  front  between  the  fourth  and  sixth  ribs.  The  interscapular  reflex 
results  in  a  contraction  of  the  muscles  attached  to  the  scapula,  when  the  skiii 
between  the  scapulae  is  stimulated.  Its  centre  corresponds  to  the  lower  cenricaJ 
and  upper  dorsal  region.] 

[The  following  table,  after  Gowers,  shows  the  relation  of  each  reflex  to  the  spinal  segment  or 
segments  on  which  it  depends : — 


Interscapular. 


Cervical, 6' 

7 

8 

Dorsal, I 

5  . 

"  6  V  EpigasUic. 

7) 

"  81 

•  •       •       •       •  ^^ 


\ 


9 

"  10 

*'          II 

"          12 


Abdominal. 


Another  important  diagnostic  reflex  is  the  ''abdominal  reflex,"  which 
consists  in  this,  that  when  the  skin  of  the  abdomen  is  stroked,  ^.^.,  with  the 
handle  of  a  percussion -hammer,  the  abdominal  muscles  contract.  When  the 
reflex  is  absent  on  both  sides  in  a  cerebral  affection,  it  indicates  a  diffuse  dis- 
ease of  the  brain;  its  absence  on  one  side  indicates  a  local  affection  of  tbe 
opposite  half  of  the  brain.  The  cremasteric,  conjunctival,  mammillary, 
pupillary,  and  nasal  reflexes  may  also  be  specially  investigated.  In  hemi- 
plegia complicated  with  cerebral  lesions,  the  reflexes  on  the  paralyzed  side  are 
diminished,  whilst  not  unfrequently  the  patellar  reflex  may  be  increased.  Id 
extensive  cerebral  affections  accompanied  by  coma  the  reflexes  are  absent  on 
both  sides,  including  of  course  those  of  the  anus  and  bladder  (^.  RosenheuK). 

[Horsley  finds  that  in  the  deepest  narcosis  produced  by  nitrous  oxide  gas  the  snpcffical  «- 
flexes  (e.g,t  plantar,  conjunctiva!)  are  abolished,  while  the  deep  (knee-jcric)  rcrotin.  AnacBa 
of  the  lumbar  enlargement  (compression  of  the  abdominal  aorta)  causes  disappearances  of  bou 
reflexes  {Privosi),  Chloroform  and  asphyxia  abolish  the  deep  as  well  as  the  superficial  reflwO- 
Horsley  regards  the  so-called  deep  reflex  or  knee-jerk  not  as  depending  on  a  centre  in  tbe  core, 
but  the  contraction  of  the  rectus  femoris  is  due  to  local  irritation  of  the  muscle  from  sadden 
elongation.] 

Deep  or  so-called  Tendon  Reflexes. — Under  pathologicai  conditi<»B. 

special  attention  is  directed  to  the  so-called  tendon  reflexes  [or  better  still* 


Sec.  3^1 .]  DEEP   REFLEXES.  813 

tendon  reactions],  which  depend  upon  the  fact  that  a  blow  upon  a  tendon 
{e.g.y  the  quadriceps  feraoris,  tendo-Achillis,  etc.)  discharges  a  contraction  of 
the  corresponding  muscle  {^Westphal^  Erb,  1875).  ^^^  patellar-tendon  reflex 
[also  called  "knee  phenomenon"]  or  simply  ** knee  reflex"  or  "knee- 
jerk/*  is  invariably  absent  in  cases  of  ataxic  tabes  dorsalis,  while  in  spastic 
spinal  paralysis  it  is  abnormally  strong  and  extensive  {Erb),  [The  **  knee- 
jerk  "  is  elicited  by  percussing  the  ligamentum  patellae,  and  is  due  to  a  single 
spasm  of  the  rectus.  The  latent  period  is  0.03  to  0.04  second,  and  it  is  argued 
by  Waller  and  others  that  it  is  doubtful  if  this  reaction  is  subserved  by  a  spinal 
nervous  arc,  while  admitting  the  effect  of  the  spinal  cord  in  modifying  the  re- 
sponse of  the  muscle.]  Section  of  the  motor  nerves  abolishes  the  patellar  phe- 
nomenon in  rabbits  {Schuitze)^  and  so  does  section  of  the  cord  opposite  the 
5th  and  6th  lumbar  vertebrae  {Tschiryew),  Landois  finds  that  in  his  own  per- 
son the  contraction  occurs  0.048  second  after  the  blow  upon  the  ligamentum 
patellae.  According  to  Waller,  the  patellar  reflex  and  the  tendo-Achillis  reflex 
occur  0.03  to  0.04  second,  and  according  to  Eulenburg,  0.032  second  after  the 
blow.  According  to  Westphal,  these  phenomena  are  not  simple  reflex  pro- 
cesses, but  complex  conditions  intimately  dependent  upon  the  muscle  tonus,  so 
that  when  the  tonus  of  the  quadriceps  femoris  is  diminished,  the  phenomenon 
IS  abolished.  In  order  that  the  phenomenon  may  take  place,  it  is  necessary 
that  the  outer  part  of  the  posterior  column  of  the  spinal  cord  remain  intact 
{Westphal),  [The  knee-jerk  can  be  increased  or  reinforced  by  volitional  acts 
directed  to  other  parts  of  the  body,  e.g.y  by  exercising  voluntary  pressure  with 
the  hand  {/endrdssik)  extremely  prolonged  contractions  and  high  tension  en- 
feeble it.]  [A  **  jaw-jerk"  is  obtained  by  suddenly  depressing  the  lower  jaw 
{Gowers,  Beevor,  and  De  Watieville)^  and  the  last  observer  finds  that  the  latent 
period  is  0.02  second,  and  if  this  be  the  case,  it  is  an  argument  against  these 
50-called  **  tendon  reflexes"  being  true  reflexes,  and  that  they  are  direct  con- 
tractions of  the  muscles  due  to  sudden  stimulation  by  extension.] 

[Method. — The  knee-jerk  is  easily  elicited  by  striking  the  patellar  tendon 
ivith  the  edge  of  the  hand  or  a  percussion -hammer  when  the  leg  is  semi-flexed, 
IS  when  the  legs  are  hanging  over  the  edge  of  a  table  or  when  one  leg  is  crossed 
)ver  the  other.  It  is  almost  invariably  present  in  health,  but  it  becomes  greatly 
exaggerated  in  descending  degeneration  of  the  lateral  columns  and  lateral  scle- 
osis.] 

[Ankle  clonus  is  another  tendon  reflex,  and  it  is  never  present  in  health, 
[f  the  leg  be  nearly  extended,  and  pressure  made  upon  the  sole  of  the  foot  so 
IS  suddenly  to  flex  the  foot  at  the  ankle,  a  series  of  (5  to  7  per  second)  rhyth- 
nical  contractions  of  the  muscles  of  the  calf  takes  place.  Gowers  describes  a 
nodification  elicited  by  tapping  the  muscles  of  the  front  of  the  leg,  the  ^^  front- 
ap  contraction,^*  Ankle  clonus  is  excessive  in  sclerosis  of  the  lateral  columns 
nd  spastic  paralysis.] 

[In  **  ankle  clonus  "  excited  by  sudden  passive  flexion  of  the  foot,  there  is  a  multiple  spasm 
f  the  gastrocnemius.     Here  also  the  latent  period  is  about  0.03  to  0.04  second,  and  the  rhythm 

to  10  per  second.  This  short  latent  period  has  led  some  observers  to  doubt  the  essentially 
eflex  nature  of  this  act] 

When  we  are  about  to  sleep  (J  374),  there  is  Brst  of  all  a  temporary  increase  of  the  reflexes ; 
1  the  Brst  sleep  the  reflexes  are  diminished,  and  the  pupils  are  contracted.  In  deep  sleep  the 
bdominal,  cremasteric,  and  patellar  reflexes  are  absent ;  while  tickling  the  soles  of  the  feet  and 
le  nose  only  acts' when  the  stimulus  is  of  a  certain  intensity.  In  narcosis,  e.  g.^  chloroform  or 
lorphia,  the  abdominal,  then  the  conjunctival  and  patellar  reflexes  disappear ;  lastly,  the  pupils 
nitract  (^.  Rosenbach), 

Abnormal  increase  of  the  reflex  activity  usually  indicates  an  increase  of  the  excitability  of 
le  reflex  centre,  although  an  abnormal  sensibility  of  the  afferent  nerve  may  be  the  cause.  As 
le  harmonious  equilibnum  of  the  voluntary  movements  is  largely  dependent  upon  and  regulated 
y  the  reflexes,  it  is  evident  that  in  affections  of  the  spinal  cord  there  are  frequent  disturbances 
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of  the  voluntary  movements,  e.g.y  the  characteristic  disturbance  of  motion  in  attempdngtowalk, 
and  in  grasping  movements  exhibited  by  persons  suffering  from  ataxic  tabes  dorsalis  [or  as  it  is 
more  generally  called,  locomotor  ataxia\, 

[The  organic  reflexes  include  a  consideration  of  the  acts  of  mictnntion, 
erection,  ejaculation,  defecation,  and  those  connected  with  the  motor  and 
secretory  digestive  processes,  respiration,  and  circulation.] 

362.  CENTRES  IN  THE  SPINAL  CORD.— Centres  capable  o( 
being  excited  reflexly,  and  which  can  bring  about  the  discharge  of  certain 
complicated,  yet  well-co-ordinated  motor  acts  exist  in  various  parts  of  the  spinal 
cord.  They  still  retain  their  activity  after  the  spinal  cord  is  separated  from 
the  medulla  oblongata ;  further,  those  centres  lying  in  the  lower  part  of  the 
spinal  cord  still  retain  their  activity  after  being  separated  from  the  higher 
centres,  but  in  the  normal  intact  body  they  are  subjected  to  the  control  of 
higher  reflex  centres  in  the  medulla  oblongata.  Hence,  we  may  speak  of  them 
as  subordinate  spinal  centres.  The  cerebrum  also,  partly  by  the  production  of 
perceptions,  and  partly  as  the  organ  of  volition,  can  excite  or  suppress  the 
action  of  certain  of  these  subordinate  spinal  centres.  [For  the  significance  of 
the  term  "Centre,"  seep.  785.] 

1.  The  cilio-spinal  centre  connected  with  the  dilatation  of  the  pupil 
lies  in  the  lower  cervical  part  of  the  cord,  and  extends  downwards  to  the  regi(^ 
of  the  ist  to  the  3d  dorsal  vertebra.  It  is  excited  by  diminution  of  light; 
both  pupils  always  react  simultaneously,  when  one  retina  is  shaded.  Unilateral 
extirpation  of  this  part  of  the  spinal  cord  causes  contraction  of  the  pupil  on 
the  same  side.  The  motor  fibres  pass  out  by  the  anterior  roots  of  the  two  lower 
cervical  and  two  upper  dorsal  nerves  into  the  cervical  sympathetic  (§  392 1. 
Even  the  idea  of  darkness  may  sometimes,  though  rarely,  cause  dilatation  of 
the  pupil  {Budge), 

In  goats  and  cats,  this  centre,  even  after  being  separated  from  the  medulla  obloi^ata,  caa  be 
excited  directly  by  dyspnoeic  blood,  and  also  rcSexly  by  the  stimulation  of  sensory  ncrres,  e.  i^ 
the  median,  especially  when  the  reflex  excitability  of  the  cord  is  increased  by  the  actwo  cf 
strychnin  or  atropin  (Luchsmger),     For  the  dilator  centre  in  the  medulla  obloogata,  see  1 367,  S. 

2.  The  ano-spinal  centre,  or  centre  controlling  the  act  of  defalcation. 
The  afferent  nerves  lie  in  the  haemorrhoidal  and  inferior  mesenteric  plexuses, 
the  centre  at  the  5th  (dog)  or  6th  to  7th  (rabbit)  lumbar  vertebra  ;  the  cffercci 
fibres  arise  from  the  pudendal  plexus  and  pass  to  the  sphincter  muscles.  Fo? 
the  relation  of  this  centre  to  the  cerebrum  see  §  160.  After  section  of  the 
spinal  cord  [in  dogs],  Goltz  observed  that  the  sphincter  contracted  rhythm:- 
cally  upon  the  finger  introduced  into  the  anus;  the  co-ordinated  actiritr <^ 
the  centre  therefore  would  seem  to  be  possible  only  when  the  centre  remains  in 
connection  with  the  brain. 

3.  The  vesico-spinal  centre  for  regulating  micturition,  or  Budge's  vesico- 
spinal centre.  The  centre  for  the  sphincter  muscle  lies  at  the  5th  (dog)  or  the 
7th  (rabbit)  lumbar  vertebra,  and  that  for  the  muscles  of  the  bladder  somcwbt 
higher.  The  centre  acts  only  in  a  properly  co-ordinated  way  in  connectios 
with  the  brain  (§  280). 

4.  The  erection  centre  also  lies  in  the*  lumbar  region  (§  436).  The 
afferent  nerves  are  the  sensory  nerves  of  the  penis ;  the  efferent  nerves  for  tl» 
deep  artery  of  the  penis  are  the  vaso-dilator  nerves,  arising  from  the  ist  to 
3d  sacral  nerves,  or  Eckhard's  nervi  erigentis — ^while  the  motor  nerves  for 
the  ischio-cavemosus  and  deep  transverse  perineal  muscles  arise  from  the  3d  to 
4th  sacral  nerves  (§  356).  The  latter  may  also  be  excited  voluntarilT,  the 
former  also  partly  by  the  brain,  by  directing  the  attention  to  the  sexual  activrty. 
Eckhard  observed  erection  to  take  place  after  stimulation  of  the  higher  regions 
of  the  spinal  cord,  as  well  as  of  the  pons  and  crura  cerebri. 
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5.  The  ejaculation  centre.  The  afferent  nerve  is  the  dorsal  of  the  penis, 
the  centre  (Budge's  genito-spinal  centre)  lies  at  the  4th  lumbar  vertebra  (rabbit); 
the  motor  fibres  of  the  vas  deferens  arise  from  the  4th  and  5th  lumbar  nerves, 
which  pass  into  the  sympathetic,  and  from  thence  to  the  vas  deferens.  The 
motor  fibres  for  the  bulbo-cavernosus  muscle,  which  ejects  the  semen  from  the 
bulb  of  the  urethra,  lie  in  the  3d  and  4th  sacral  nerves  (perineal). 

6.  The  parturition  centre  lies  at  the  ist  and' 2d  lumbar  vertebrae  (§  453) ; 
the  afferent  fibres  come  from  the  uterine  plexus,  to  which  also  the  motor  fibres 
proceed  {Korner),  Goltz  and  Freusberg  observed  that  a  bitch  became  pregnant 
after  its  spinal  cord  was  divided  at  the  ist  lumbar  vertebra. 

7.  Vaso-motor  Centres. — Both  vaso-motor  and  vaso-dilator  centres  are 
distributed  throughout  the  whole  spinal  axis.  To  them  belongs  the  centre  for 
the  spleen,  which  in  the  dog  is  opposite  the  ist  to  4th  cervical  vertebrae  (JBulgak), 
They  can  be  excited  reflexly,  but  they  are  also  controlled  by  the  dominating 
centre  in  the  medulla  oblongata  (§  371).  Psychical  disturbance  (cerebrum) 
influences  them  (§  377). 

[8.  Perhaps  there  are  vaso-dilator  centres  (§  372).] 
9.  The  sweat  centre  is  perhaps  distributed  similarly  to  the  vaso-motor 
centre  (§  288). 

The  reflex  movements  discharged  from  these  centres  are  orderly  co-ordinated  reflexes,  and 
may  thus  be  compared  to  the  orderly  reflexes  of  the  trunk  and  extremities. 

Muscle  Tonus. — Formerly  automatic  functions  were  ascribed  to  the  spinal  cord,  one  of  these 
being  that  it  caused  a  moderate  active  tension  of  the  muscles — a  condition  that  was  termed 
muscle  tanCf  or  tonus.  The  existence  of  tonus  in  a  striped  muscle  was  thought  to  be  proved  by 
the  fact  that,  when  such  a  muscle  was  divided,  its  ends  retracted.  This  is  due  merely  to  the 
fact  that  all  the  muscles  are  stretched  slightly  beyond  their  normal  length  (J  301).  Even 
paralyzed  muscles,  which  have  lost  their  muscular  tone,  show  the  same  phenomenon.  Formerly 
the  stronger  contraction  of  certain  muscles,  after  paralysis  of  their  antagonists,  and  the  retraction 
of  the  fSacial  muscles  to  the  sound  side,  after  pariUysis  of  the  facial  nerve,  were  also  regarded  as 
due  to  tonus.  This  result  is  due  to  the  fact  that,  during  the  activity  of  the  intact  muscle,  the 
other  ones  have  not  sufiicient  power  to  restore  the  parts  to  their  normal  median  position.  The 
following  experiment  of  Auerbach  and  Heidenhain  is  against  the  assumption  of  a  tonic  con- 
traction :  If  the  muscles  of  the  leg  of  a  decapitated  frog  be  stretched,  it  is  found  that  they  do 
not  elongate  after  section  of  the  sciatic  nerve,  or  after  it  is  paralyzed  by  touching  it  with 
ammonia  or  carbolic  acid. 

Reflex  Tonus. — If,  however,  a  decapitated  frog  be  suspended  in  an  abnormal  position,  we 
observe,  after  section  of  the  sciatic  nerve,  or  the  posterior  nerve- roots  on  one  side,  that  the  leg 
00  that  side  hangs  limp,  while  the  leg  on  the  sound  side  is  slightly  retracted.  The  sensory 
nerves  of  the  latter  are  slightly  and  continually  stimulated  by  the  weight  of  the  limb,  so  that  a 
slight  reflex  retraction  of  fiie  leg  takes  place,  which  disappears  as  soon  as  the  sensory  nerves  of 
the  leg  are  divided.  If  we  choose  to  call  this  slight  retraction  tonus,  then  it  is  a  reflex  tonus 
(Brotidgeest),    (See  the  experiments  of  Harless^  C,  Ludwig^  and  Cyon — \  355.) 

363.  EXCITABILITY  OF  THE  SPINAL  CORD.— Even  at  the 
present  time  observers  are  by  no  means  agreed  whether  the  spinal  cord,  like 
peripheral  nerves,  is  excitable,  or  whether  it  is  distinguished  by  the  remarkable 
peculiarity  that  most  of  its  conducting  paths  and  ganglia  do  not  react  to  direct 
electrical  2Xi6,  mechanical  ^\\x£iy3\\. 

It  is  contended  by  some  observers  that  if  stimuli  be  cautiously  applied  either  to  white  or 
gray  matter,  there  is  neither  movement  nor  sensation  (  Van  Deen  ( 1841 ),  Brown- Siquard).  Care 
most  be  taken  not  to  stimulate  the  roots  of  the  spinal  nerves,  as  these  respond  at  once  to  stimuli, 
and  thus  may  give  rise  to  movements  or  sensations.  As  the  spinal  cord  conduces  to  the  brain 
impulses  communicated  to  it  from  the  stimulated  posterior  roots,  but  does  not  itself  respond  to 
stimali  which  produce  sensations,  Schiff  has  applied  to  it  the  term  *'  sesthesodic."  Further,  as 
the  cord  can  conduct  both  voluntary  and  reflex  motor  impulses,  without,  however,  itself  being 
ftfiected  by  motor  impulses  applied  to  it  directly,  he  calls  it  "  kinesodic." 

Schiff 's  views  are  as  follows : — 

I.  In  the  posterior  columns  the  sensory  root  fibres  of  the  posterior  root 
which  traverse  these  columns  give  rise  to  painful  impressions,  but  the  proper 


8l6  EXCITABILITY   OF  THE  CORD.  [SCC  363. 

paths  of  the  posterior  columns  themselves  do  not  do  so.  The  proof  that  stimu- 
lation of  the  posterior  column  produces  sensory  impressions,  he  finds  in  the  feet 
that  dilatation  of  the  pupil  occurred  with  every  stimulation  (§  292).  Removal 
of  the  posterior  column  produces  anaesthesia  (loss  of  tactile  sensation).  Algesa 
[or  the  sensation  of  pain]  remains  intact,  although  at  first  there  may  even  be 
hyperalgesia. 

2.  The  anterior  columns  are  non-excitable,  as  long  as  the  stimuli  are  ap- 
plied only  to  the  proper  paths  of  this  column,  but  movements  may  follow, 
both  in  striped  and  non-striped  muscle,  either  when  the  anterior  nerve-roots 
are  stimulated,  or  when,  by  the  escape  of  the  current,  the  posterior  columns  are 
affected,  whereby  reflex  movements  are  produced. 

According  to  Schiff,  therefore,  all  the  phenomena  of  irritation,  which  occur  when  an  ooinjiiRd 
cord  is  stimulated  (spasms,  contracture),  are  caused  either  by  simultaneous  stimiilauoD  of  the 
anterior  roots,  or  are  reflexes  from  the  posterior  columns  alone,  or  simultaneovisly  from  tk 
posterior  columns  and  the  posterior  roots.  Diseases  affecting  only  the  anterior  and  litenl 
columns  alone  never  produce  sjrmptoms  of  irritation,  but  always  of  paralysis.  In  complae 
anaesthesia  and  apnoea,  every  form  of  stimulus  is  quite  inactive.  According  to  Schiff's  Tiev,all 
centres,  both  spinal  and  cerebral,  are  inexcitable  by  artificial  means. 

Direct  Excitability. — Many  observers,  however,  oppose  these  views,  and  contend  that  tk 
spinal  cord  is  excitable  to  direct  stimulation.  Fick  observed  movements  to  take  pUa 
when  he  stimulated  the  white  columns  of  the  cord  of  a  lix>g,  isolated  for  a  long  distance  so  e  to 
avoid  the  escape  of  the  stimulating  currents.  Sirotinin,  also,  who  stimulated  the  trsnsmx 
section  of  the  frog's  cord  from  point  to  point,  obtained  contraction  of  the  mosdes  both  ht 
mechanical  and  electrical  stimuli.  Biedermann  comes  to  the  following  conclusions :  The  tnss- 
verse  section  of  a  motor  nerve  is  most  excitable.  Weak  stimuli  (descending  opening  sbodi 
excite  the  cut  surface  of  the  transversely  divided  spinal  cord,  but  do  not  act  when  appbed 
further  down.  Luchsinger  asserts  that,  after  dipping  the  anterior  part  of  a  beheaded  snake  isio 
warm  water,  the  reflex  movements  of  the  upper  part  of  the  cord  are  abolished,  while  the  diiec 
excitability  remains. 

3.  Excitability  of  the  Vaso-motors. — The  vaso- constrictor  nerves, 
which  proceed  from  the  vaso-motor  centre  and  run  downwards  in  the  lateral 
columns  of  the  cord,  are  excitable  by  all  stimuli  along  their  whole  course; 
direct  stimulation  of  any  transverse  section  of  the  cord  constricts  all  the  blood- 
vessels below  the  point  of  section  (C  Ludwig  and  Thiry),  In  the  same  way, 
the  fibres  which  ascend  in  the  cord,  and  increase  the  action  of  the  vaso-motor 
centre — pressor  fibres — are  also  excitable  (C  Ludwig  and  Dittmar — §  364, 10). 
Stimulation  of  these  fibres,  although  it  affects  the  vaso-motor  centre  retely, 
does  not  cause  sensation. 

4.  Chemical  stimuli,  such  as  the  application  of  common  salt,  or  wettiuz 
the  cut  surface  with  blood,  appear  to  excite  the  spinal  cord. 

5.  The  motor  centres  are  directly  excited  by  (i)  blood  heated  above 
40°  C,  or  (2)  by  asphyxiated  blood,  or  by  sudden  and  complete  anaemia  of 
the  cord  produced  by  ligature  of  the  aorta  (Sigm,  Mayer) ;  and  (3)  abo  by 
certain  poisons — picrotoxin,  nicotin,  and  compounds  of  barium  {Lsuhsifiicr\ 

Action  of  Blood  and  Drugs. — In  experiments  of  this  kind,  the  spinal  cord  ought  io  ^ 
divided  at  the  ist  lumbar  vertebra,  at  least  twenty  hours  before  the  experiment  is  \x^.  Iti^ 
well  to  divide  the  posterior  roots  beforehand  to  avoid  reflex  movements.  If,  in  a  cat  ^ss 
operated  on,  dyspnoea  be  produced,  or  its  blood  overheated^  then  spasms,  contractim  tftk 
vessels,  and  secretion  of  siveat  occur  in  the  hind  limbs,  together  with  evacuation  of  the  cobke^ 
of  the  bladder  and  rectum,  while  there  are  movements  of  the  uterus  and  the  vas  deferev 
Some  poisons  act  in  a  similar  manner.  In  animals  with  the  medulla  oblongata  divided,  M^ 
mical  respiratory  movements  may  be  produced  if  the  spinal  cord  has  been  previously  tte^ieti 
very  sensitive  by  strychnin  or  overheated  blood  (-P.  v.  Rokitansky,  v,  Schrof—l  36S). 

The  ganglion-cells  of  the  anterior  cornu  can  be  excited  (mechanically 
{Birge)j  and,  according  to  Biedermann,  the  gray  matter  also  responds  todectn- 
cal  stimuli. 

Hypersesthesia. — After  unilateral  section  of  the  cord,  or  even  only  of  tfe 


Sec.  363.]  CONDUCTION   IN   THE  CORD.  817 

posterior  or  lateral  columns,  there  is  hyperesthesia  on  the  same  side  below  the 
point  of  section  {Fodira,  1823,  and  others),  so  that  rabbits  shriek  on  the 
slightest  touch.  The  phenomenon  may  last  for  three  weeks,  and  then  give  place 
to  normal  or  sub-normal  excitability.  Ob  the  sound  side  the  sensibility  re- 
mains permanently  diminished.  A  similar  result  has  been  observed  in  cases  of 
injury  in  man.  An  analogous  phenomenon,  or  a  tendency  to  contraction  in  the 
muscles  below  the  section  (hyperkinesia),  has  been  observed  by  Brown- 
S^uard  after  section  of  the  anterior  columns. 

Sudden  and  complete  anaemia  (by  occluding  the  abdominal  aorta  in  the  dog)  causes  at  first 
spasms  (20  seconds),  then  paralysis  (i  min.),  then  loss  of  response  to  sensory  (2  mins.),  and 
lastly  complete  loss  of  sensibility  (3  mins.)  (FrecUricq), 

The  excitability  of  the  cord  is  intimately  dependent  on  the  continuance  of 
the  normal  circulation,  for  ligature  of  the  abdominal  aorta  rapidly  paralyzes 
the  lower  extremities  \Stenson^  1667),  due  to  anaemia  of  the  cord  {Schiffer), 
After  a  time  the  anterior  roots  of  the  spinal  nerves,  and  the  anaemic  part  of 
the  gray  matter  of  the  cord,  undergo  degeneration. 

364.  THE  CONDUCTING  PATHS  IN  THE  SPINAL 
CORD. — [Posterior  Root. — {a)  The  inner  part,  or  internal  radicular 
fasciculus  is  supposed  to  convey  the  impressions  from  tendons  and  those  for 
touch  and  locality.  When  the  postero-external  column  is  diseased,  as  in  loco- 
motor ataxia,  the  deep  reflexes,  especially  the  patellar  tendon  jerk,  are  en- 
feebled, or  it  may  be  abolished,  while  the  implication  of  the  fibtes  of  the  inter- 
nal fasciculus  gives  rise  to  severe  pain.  (Ji)  The  outer  radicular  fibres  enter 
the  gray  matter  of  the  posterior  horn,  and  are  supposed  to  convey  the  impres- 
sions for  cutaneous  reflexes  and  temperature,  (r)  The  central  fibres  pass 
directly  into  the  gray  matter,  and  are  supposed  to  conduct  painful  impressions 
into  the  gray  matter  (fig.  543).] 

1.  Localized  tactile  sensations  (temperature,  pressure,  and  the  muscular 
sense  impressions)  are  conducted  upwards  through  the  posterior  roots  of  the 
ganglia  of  the  posterior  cornu,  and  lastly  into  the  posterior  column  of  the 
same  side. 

In  man,  the  conducting  path  from  the  legs  runs  in  GolFs  column,  while  those  for  the  arm 
run  in  the  ground-bundle  (fig.  553)  (FUchsig),  In  rabbits,  the  path  of  localized  tactile  impres- 
sions lies  in  the  lower  dorsal  region  in  the  lateral  columns  (Ludwig  and  IVoroschiloff,  Ott  and 
Meade-Smith^. 

Anaesthesia. — Section  of  individual  parts  of  the  lateral  columns  abolishes  the  sensibility  for 
the  parts  of  the  skin  connected  with  the  part  destroyed,  while  total  section  produces  the  same 
result  for  the  whole  of  the  opposite  side  of  the  body  below  the  section.  The  condition  where 
tactile  and  muscular  sensibility  is  lost  is  known  as  anasthesia. 

2.  Localized  voluntary  movements  in  man  are  conducted  on  the  same 
side  through  the  anterior  and  lateral  columns  (§§  358  and  365),  in  the  parts 
known  as  the  pyramidal  tracts.  The  impulses  then  pass  into  the  cells  of 
the  anterior  cornu,  and  thence  to  the  corresponding  anterior  nerve-roots  to  the 
muscles.  The  exact  section  experiments  of  Ludwig  and  Woroschiloff  showed 
that,  in  the  lower  dorsal  region  of  the  rabbit,  these  paths  were  confined  to  the 
lateral  columns.  Every  motor  nerve-fibre  is  connected  with  a  nerve-cell  in  the 
anterior  horn  of  the  frog's  spinal  cord  ( Gau/e  and  Birge),  Section  of  one 
lateral  column  abolishes  voluntary  movement  in  the  corresponding  individual 
muscles  below  the  point  of  section.  It  is  obvious,  from  the  conduction  in  i 
and  2,  that  the  lateral  columns  must  increase  in  thickness  and  number  of  fibres 
from  below  upwards  {Stilling,  WoroschilojUT)  [see  fig.  536]. 

3.  Tactile  reflexes  (extensive  and  co-ordinated). — The  fibres  enter  by  the 
posterior  root,  and  proceed  to  the  posterior  cornu.     The  groups  of  ganglionic 
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cells,  which  control  the  co-ordinated  reflexes,  are  connected  together  by  hbtts 
which  run  in  the  anterior  tracts,  the  anterior  ground  bundle,  and  (?)  the  direct 
cerebellar  tracts  (p.  801).  The  fibres  for  the  muscles  which  are  contracted 
pass  from  the  motor  ganglia  outwards  through  the  anterior  roots. 

In  ataxic  tabes  dorsalis,  or  locomotor  ataxia,  there  b  a  degeneration  of  the  postefkr 
columns,  characterized  by  a  peculiar  motor  disturbance.  The  Toluntary  movements  can  be  exe- 
cuted with  full  and  normal  vigor,  but  the  finer  harmonious  adjustments  are  wanting  or  impaired, 
both  in  intensity  and  extent.  These  depend  in  part  upon  the  normal  existence  of  tactile  and 
muscular  impressions,  whose  channels  lie  in  the  posterior  columns.  After  degeneration  of  the 
latter,  there  is  not  only  anaesthesia,  but  also  a  disturbance  in  the  discharge  of  tactile  reflexes,  for 
which  the  centripetal  arc  is  interrupted.  But  a  simultaneous  lesion  of  the  sensory  nerves  akoe 
may  in  a  similar  manner  materially  influence  the  harmony  of  the  movements,  owing  to  tk 
analgesia  and  the  disappearance  of  the  pathic  reflexes  ({  355)*  As  the  fibres  of  the  posterw 
root  traverse  the  white  posterior  columns,  we  can  account  for  the  disturbances  of  sensatioo  whidi 
characterize  the  degenerations  of  these  ipaitts  [Charcot  and  Pierret).  But  even  the  posterior 
roots  themselves  may  undergo  degeneration,  and  this  may  also  give  rise  to  disturbances  oC  Moat- 
tion  (p.  775).  The  sensory  disturbances  usually  consist  in  an  abnormal  increase  of  the  tactile  or 
painful  sensations,  with  lightning  pains  shooting  down  the  limbs,  and  this  condition  maj  leuito 
one  where  the  tactile  and  painful  sensations  are  abolished.  At  the  same  time,  owing  to  ttoa- 
lation  of  the  posterior  columns,  the  tactile  sensibility  is  altered,  giving  rise  to  the  sensadoo  of 
formication,  or  a  feeling  of  constriction  [**  girdle  sensation  "].  The  conduction  of  seosofj 
impressions  is  often  slowed  (\  337)*  I'he  sensibility  of  the  muscles,  joints,  and  internal  parts  is 
altered. 

The  maintenance  of  the  equilibrium  is  largely  guided  by  the  impulses  which  trsvd 
inwards  to  the  co-ordinating  centres  through  the  sensory  nerves,  special  and  general,  deep  and 
superficial.  In  many  cases  of  locomotor  ataxia,  if  the  patient  place  his  feet  close  together  and 
close  his  eyes,  he  sways  from  side  to  side,  and  may  fall  over,  because  by  cutting  off  the  goidmf 
sensations  obtained  through  the  optic  nerve,  the  other  enfeebled  impulses  obtained  from  the  skii 
and  the  deeper  structures  are  too  feeble  to  excite  proper  co-ordination. 

4.  The  inhibition  of  tactile  reflexes  occurs  through  the  anterior  colanuk 
(?) ;  the  impulses  pass  from  the  anterior  column  at  the  corresponding  lev^  into 
the  gray  matter,  where  they  form  connections  with  the  reflex  conducting 
apparatus. 

5.  The  conduction  of  painful  impressions  occurs  through  the  posterior  roots, 
and  thence  through  the  whole  of  the  gray  matter.  There  is  a  partial  decussa- 
tion of  these  impulses  in  the  cord,  the  conducting  fibres  passing  from  one  side 
to  the  other.     The  further  course  of  these  fibres  to  the  brain  is  given  in  §  365. 


If  all  the  gray  matter  be  divided,  except  a  small  connecting  portion,  this  is  suffideot  to 
duct  painful  impressions.  In  this  case,  however,  the  conduction  is  siauier  (Sckiff),  Oolj 
the  gray  matter  is  completely  divided  is  the  conduction  of  painful  impressions  from  belov 
pletely  interrupted.  This  gives  rise  to  the  condition  of  analgesia,  in  which,  when  the  postaicr 
columns  are  sdll  intact,  tactile  impressions  are  still  conducted.  This  condition  is  sometne 
observed  in  man  during  incomplete  narcosis  from  chloroform  and  morphia  (Thiersch),  Those 
poisons  act  sooner  on  the  nerves  which  administer  to  painful  sensations  than  on  those  for  taccuc 
impressions,  so  that  the  person  operated  on  is  conscious  of  the  contact  of  a  knife,  bat  not  of  the 
pamful  sensations  caused  by  the  knife  dividing  the  parts.  As  painful  impressions  are  cood^Kii 
by  the  whole  of  the  gray  matter,  and  as  the  impressions  are  more  powerful  the  stroi^cr  the 
painful  impression,  we  may  thus  explain  the  so-called  irradiation  of  painful  impressioaa. 
During  violent  pain,  the  pain  seems  to  extend  to  wide  areas ;  thus,  in  violent  toothache,  pre^ 
ceeding  from  a  particular  tooth,  the  pain  may  be  felt  in  the  whole  jaw,  or  it  may  be  over 
of  the  head. 

According  to  Bechterew,  the  paths  for  the  conduction  of  painful  impressions  lie  in  the 
part  of  the  lateral  column  (dog,  rabbit).  ' 

The  experiments  of  Weiss  on  dogs,  by  dividing  the  lateral  colunm  at  the  limit  of  the 
and  lumbar  regions,  showed  that  each  lateral  column  contains  sensory  fibres  for  hoik  sides.  T^ 
chief  mass  of  the  motor  fibres  remains  on  the  same  side.  Section  of  both  lateral  oolaiEis 
abolishes  completely  sensibility  and  motility  pn  both  sides.  The  anterior  colomos  and  the  gnr 
matter  are  not  sufficient  to  maintain  these. 

6.  The  conduction  of  spasmodic,  involuntary,  inco-ordinated  mote* 
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ments  takes  place  through  the  gray  matter,  and  bqm  the  latter  through  the 
anterior  roots. 

It  occurs  in  epilepsy,  poisoning  with  strychnin,  ursemic  poisoning,  and  tetanus  ({  360,  II). 
The  anaemic  and  dyspnoeic  spasms  are  exciteid  in  and  conducted  from  the  medulla  oblongata,  and 
communicated  through  the  whole  of  the  gray  matter. 

7.  The  conduction  of  extensive  reflex  spasms  takes  place  from  the  pos- 
terior roots,  and  then  to  the  cells  of  the  anterior  cornu,  above  and  below  the 
plane  of  the  entering  impulse  (fig.  458),  and,  lastly,  into  the  anterior  roots, 
under  the  conditions  already  referred  to  in  §  360,  II. 

8.  The  inhibition  of  pathic  reflexes  occurs  through  the  anterior 
columns  downwards,  and  then  into  the  gray  matter  to  the  connecting  channels 
of  the  reflex  organ,  into  which  it  introduces  resistance. 

9.  The  vaso-motor  fibres  run  in  the  lateral  columns  (Dtffmar),  and,  after 
they  have  passed  into  the  ganglia  of  the  gray  matter  at  the  corresponding  level, 
they  leave  the  spinal  cord  by  the  anterior  roots.  They  reach  the  muscles  of 
the  blood-vessels  either  through  the  paths  of  the  spinal  nerves,  or  they  pass 
through  the  rami  communicantes  into  the  sympathetic,  and  thence  into  the 
visceral  plexuses  (§  356). 

Section  of  the  spinal  cord  paralyzes  all  the  vaso-motor  nerves  below  the  point  of  section; 
while  stimulation  of  the  periphend  end  of  the  spinal  cord  causes  contraction  of  all  these  vessels. 
[Ott^s  experiments  on  cats  show  that  the  vaso-motor  fibres  run  in  the  lateral  columns,  and  that 
they  as  well  as  the  sudorific  nerves  decussate  in  the  cord.] 

10.  Pressor  fibres  enter  in  the  posterior  roots,  run  upwards  in  the  lateral 
columns,  and  undergo  an  incomplete  decussation  [Xudwig  and  Miescher). 

They  ultimately  terminate  in  the  dominating  vaso-motor  centre  in  the  medulla  oblongata,  which 
they  excite  reflexly.  Similarly,  depressor  fibres  must  pass  upwards  in  the  spinal  cord,  but  we 
know  nothing  as  to  their  course. 

11.  From  the  respiratory  centre  in  the  medulla  oblongata,  respiratory 
nerves  run  downwards  in  the  lateral  columns  on  the  same  side,  and  after  form- 
ing connections  with  the  ganglia  of  the  gray  matter  pass  through  the  anterior 
roots  into  the  motor  nerves  of  the  respiratory  muscles  (Schiff), 

Unilateral,  or  total  destruction  of  the  spinal  cord,  the  higher  up  it  is  done,  accordingly 
paralyzes  more  and  more  of  the  respiratory  nerves,  op  the  same  or  on  both  sides.  Section  of  Uie 
cord  above  the  origin  of  the  phrenic  nerves  causes  death  in  some  animals,  owing  to  the  paralysis 
of  these  nerves  of  the  diaphragm  ({  113). 

In  pathological  cases,  in  degeneration  of,  or  direct  injury  to,  the  spinal  cord  or  its  individual 
parts,  we  must  be  carefiil  to  obs^e  whether  there  may  not  be  present  simultaneously  paralytic 
and  irritative  phenomena,  whereby  the  symptoms  are  obscured. 

Degeneration  of  the  posterior  columns  without  involving  the  posterior  root-fibres  causes  loss 
of  tactile  sensibility,  the  feeling  for  heat  remaining  intact.  Degeneration  of  the  nerve-cells  of 
the  anterior  cornu,  as  in  infantile  spinal  paralysis,  causes  paralysis  of  the  motor  nerves  pro> 
ceeding  from  them,  and  at  the  same  time  the  muscles  supplied  by  these  nerves  rapidly  undergo 
atrophy,  as  these  cells  are  the  trophic  centres  both  for  these  nerves  and  the  muscles  they 
supply.  Degeneration  of  the  posterior  cornu  causes  disturbance  of  the  cutaneous  sensibility 
and  produces  trophic  changes  in  the  skin. 

If  the  abdominal  aorta  be  temporarily  closed  in  rabbits,  there  results  permanent  motor  and 
sensory  paralysis,  and  in  the  region  of  the  cord  rendered  anaemic  the  ganglion  cells  and  fibres 
of  the  anterior  cornu  undergo  degeneration  [Ehrlich,  Singer). 

[Complete  transverse  section  of  the  cord  results  immediately  in 
complete  paralysis  of  motion  and  sensation  in  all  the  parts  supplied  by  nerves 
below  the  seat  of  the  injury,  although  the  muscles  below  the  injury  retain  their 
normal  trophic  and  electrical  conditions.  There  is  a  narrow  hyperaesthetic  area 
at  the  upper  limit  of  the  paralyzed  area,  and  when  this  occurs  in  the  dorsal 
region  it  gives  rise  to  the*  feeling  of  a  belt  tightly  drawn  round  the  waist,  or  the 
''girdle  sensation."     There  is  also  vaso-motor  paralysis  below  the  lesion,  but 
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the  blood-vessels  soon  regain  their  tone,  owing  to  the  subsidiary  »»so-iiKWor 
centres  in  the  cord.  Thus  the  person  has  no  voluntary  control  over  the  pans 
supplied  by  nerves  coming  off  below  the  injury.  If  the  section  be  in  the  lomr 
dorsal  region,  the  processes  of  micturition  and  defecation  cease  to  be  midcr 
voluntary  control,  but  after  a  time  these  acts  can  be  executed  reflexly.  The 
remote  effects  come  on  much  later,  and  are  secondary  descending  degeoera- 
tion  in  the  crossed  and  direct  pyramidal  tracts  and  ascending  degeneration  io 
the  postero-internal  columns  (fig.  558).  According  to  the  seat  of  the  leaon, 
the  functions  of  the  bladder  and  rectum  may  be  interfered  with.  Injur)'  to 
the  upper  cervical  region  sometimes  causes  hyperpyrexia.  Of  course  section 
high  up  in  the  cervical  region  will  interfere  with  the  respiratory  movemena 
the  result  depending  on  the  level  at  which  the  section  is  made.] 

[Unilateral  section  results  in  paralysis  of  voluntary  motion  in  the  mosde 
of   the  same  side  supplied  by  nerves  given  ofi*  below  the  seat  of  the  injnrr. 
^^       \  although  the  muscles  do  not  atrophy,  but  when  seconditt    ' 

^-^""^        "^-«s^    descending   degeneration    occurs   they  become  rigid,  jm 
exhibit  the  ordinary  signs  of  contracture.     There  ii  nso-    | 
/  i  motor  paralysis  on  the  same  side,  although  this  passes  of 

below  the  injury,  while  the  ordinary  and  muscular  senstbiliry  | 
are  diminished  on  both  sides  (fig.  563).  There  is  bilaieti 
anaesthesia.  On  the  opposite  side  there  is  total  aniesthesii 
and  analgesia  below  the  lesion,  but  on  the  same  side  in  tk  | 
dorsal  region  there  is  a  narrow  circular  ansesthetic  eoii( 
(fig.  56a,  H),  corresponding  to  the  sensory  ner\-e-fibre  | 
destroyed  at  the  level  of  the  section.  The  sensory  neiw^ 
decussate  shortly  after  they  enter  the  cord,  hence  theuues' 
thesia  on  the  opposite  side,  but  they  do  not  cross  at  ooc(. 
but  run  obliquely  upwards  before  they  enter  the  gray  malie; 
of  the  opposite  side,  so  that  a  unilateral  section  will  involn 
some  fibres  coming  from  the  same  side,  and  hence  tb< 
slightly  diminished  sensibility  in  a  circular  area  on  the  »» 
side.  There  is  a  narrow  hyperaesthetic  area  on  the  saroeadt 
as  the  lesion,  at  the  upper  limit  of  the  [oralyzed  cntaoeots 
'K- 5  2.  area  (fig.  562,  ^),  due  perhaps  to  stimulation  of  the  cut  end: 

sSud^of « I«^on  °^  ^^  sensory  fibres  on  that  side.  In  man  there  is  hypei- 
of  Che  ////  hair  of  ^esthesia  (to  touch,  tickling,  pain,  heat,  and  cold)  on  di; 
[he  spinal  cord  in  parts  below  the  lesion  on  the  same  side,  but  the  cameo: 
the  doreiil  rtgion.  this  IS  not  known.  The  remote  effects  are  due  to  Iheusa 
(a)  oblique  lines,  descending  and  ascending  degeneration  which  set  io.l 
motor    and     vaso-  t,  b       b  j 

mdor  paralyws;  [jp  mankeys,  after  hemi-seclion  of  the  cord  in  the  donal  rtpK- 
(*,i/),COinplelean-  ,here  is  paialysis  of  volunlar;  motion  and  retentko  of  aenabffiij  "t 
a^thesia ;  ^<i,  c),  Taso-motor  paralf^  of  the  same  side,  and  retention  of  Tolmitw;  boui 
hyperieslhesu  of  wji|,  ana^heda  and  aoalgesia  oo  the  opposite  side.  Thceiistenat 
the  skin.  hypersestheuaoD  the  side  of  the  lesion  is  ool  ceitain  in  these  aDim>k,bc 

there  is  no  doubi  of  it  in  man.  Fenier  also  Buds  (in  opposiiion  to  Brown-S^uard)  Oat  iv 
muscular  sense  is  paralyied.  as  well  as  all  other  forms  of  sensibility,  on  the  dde  oppwite  ts  <^ 
lesion,  but  unimpaired  on  the  side  of  the  ledoo.  The  muscular  sense,  in  Eict,  is  enlJnl'  tc|« 
rsble  from  the  molor  innervation  of  muscle  [Ferrier).  The  power  of  emplfii^  the  bladdera- 
reclum  was  not  afTBcted.] 


Sec.  36$.]  SCHEMA   OF  THE    BKAIN. 


The  Brain. 

365.  GENERAL  SCHEMA  OP  THE  BRAIN.— In  an  organ  so 
complicated  in  its  structure  as  the  brain,  it  is  necessary  to  have  a  general  view 
of  [he  chief  arrangements  of  its  individual  parts.  Meynert  gave  a  plan  of  the 
general  arrangement  of  (his  organ,  and  although  this  plan  may  not  be  quite 
correct,  still  it  is  useful  in  the  study  of  brain  function.  The  average  weight 
of  ihc  brain  is  in  man  about  1358  grams,  and  in  woman  ijzo  grams  (^wf Ac/). 

[A  special  layer  of  gray  matter  of  the  cerebrum  is  placed  externally  and 
spread  as  a  thin  coating  over  the  white  matter  or  centrum  ovale — which  lies 
internally,  and  consists  of   nerve-fibres  or  the  white  matter.     That  part  lying 
in  each  hemisphere  is  the  centrum  semi-ovale.     The  gray  matter  is  folded  inlo 
gyri  or  convolutions  separated  from  each  other  by  fissures  or  sulci.     Some 
of  the  latter  are  very  marked,  and  serve  to  separate  adjacent  lobes,  while  the 
lobes  themselves  are  further  subdivided  by  sulci  into  convolutions.     For  a 
description  of  the  lobes  see 
S  375-      Some  masses  of  gray 
matter  are  disposed  at   the 
base  of   the  brain,  forming 
the  corpus  striatum  (pro- 
jecting into  the  lateral  ven- 
tricles), which   in    reality  is 
composed  of  two  parts,  the 
nucleus  caudatus  and   lenti- 
cular nucleus  (fig.   563,  i), 
the  optic  thalamus,  which 
lies  behind   the  former,  and 
tfounds  the  3d  ventricle  (fig. 
;63,  ,1),  the  corpora  quad- 
rigemina  lying  on  the  upper 
iurface  of  the  crura  cerebri 
[fig.    563,   ht");   within    the 
egmentum     of     the    crura 
cerebri  are  the  red  nucleus 
ind  locus  niger  (fig.  628). 
..astly,  there  is  the  continua- 
ion   of   the  gray  matter  of 
he    cord     up    through    the 
nedulU,    pons,   and   around 
he  iter,  forming  the  central 

;ray  tube,  and  terminating  ''•B-  5^3- 

nteriorly  at  the  tuber  cine-  t)'"*<^''>n  of  ibe  bnin  from  above,  ibowing  the  lateral  3d 
eum       These  various    narts      ""*  **''  "*"'"':'«»' "'""  ^^'  *>•»!  guig'i",  wid  aummDding 
,    ,  .  .  '        .      parti.     B,  koee  of  the  corpui  cajloaum  1  t-tntttiatovt  of 

re  connected  m  a  variety  of  ^  rfghl  corpus  Xriatam ;  i',  gray  matter  di»ecteaoff  to 
ays  with  each  other,  some  atiow  white  fibrei ;  c,  points  w  lienia  Kmicirx:u1aris ;  d. 
y  transverse  fibres  stretch-  optic  thalamus;  *,  anterior  pillars  of  fomii,  with  51b  ven- 
ig  between  the  two  sides  '"'^'^  '"  '^"^  °^  them,  between  the  two  lamiiue  of  the 
f  the  brain  while  other  ••P'"'"  'oc'duni;/.  middle  or  »oft  eommissure;  ^.  3d 
■.  J-  ,  cV  w  ■  .if  venlricle ;  A,  .■,  corpora  quadrigemtim  1  /,  superior  cere- 
TOgltudinal  fibres  brmg  the  bellarpeduncle; /.hippocampuamajor;  »..poBteriorco.nu 
inder  and  lower  parU  into  of  lateral  veDthcte;  n,emineiitiaco!laIcralis;  <i,4thven- 
rlation   with  the  fore  parts.]         iride;  a  medulla  obloi^ata;  j,  cerebellum,  wilb  r,  arbor 

[Under  cover  of  the  occi-     *''"■ 
ital   lobes,  but  connected  with  the  cerebrum  in  front  and  the  spinal  cord 
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below,  is  the  cerebellum,  vhich  has  its  gray  matter  externally  and  jtsthju 
core  internally.  Thus  we  hare  to  consider  cerebro-spinal  and  cerebell(Mpiu! 
connections.] 

ii 


3' 


If 


Fig.  564. 
I,  Scheme  of  Ihe  brMn. — C,  C,  coitei  cerebri ;  C.i,  corpna  itiiUum,  N./,  nndein  tcMittiiQs. 
T.ff,  optic  ihaiimiis;  v,  corpora  qii«drigeinioa ;  P,  pedoncului  cerebri;  H,  itjocB^- 
■nd^,  crustt;  l,  l,  corona  radiala  of  the  corpus  striatam;  z,  x,  of  the  lenliciiUi  a^f-- 
3,  3,  of  the  optic  thalamus;  4,  4,  of  the  corpora  quadrtgemina;  5,  pfiunidd  tibre  hn 
the  cortex  cerebri  {FU(Asig) ;  6,  6,  fibrei  from  the  corpora  quadrigemina  toIheWgaM"™- 
m,  further  courie  of  these  fibres;  8,  8,  fibrei  from  the  corpus  striatam  and  lentkslir  ■w''^ 
to  the  crusts  of  the  pedanculus  cerebri ;  M,  further  couise  of  these ;  S,  5.  none  of  ct 
■eniory  fibres;  R,  transverse  sectioo  of  the  spinal  cord;  v.  W,  anterior,  aod  4.  W.pntiri-'^ 
roots;  (I,  a,  associatioa  system  of  Rbrcs;  <:,  e,  commissural  fibres.  II,  Trun'n^  kiSK 
(hnragh  the  poilerior  pair  of  the  corpora  quadrigemiaa  and  the  pednnculi  ccrcbn  ^  *■< 
— -p,  crasta  of  Ihe  peduncle  ;  1,  substantia  nigra  ;  v,  corpora  qmidiigemiDa,  ■ill>  >  w^ 
of  the  aqueduct.  Ill,  The  sameoftbe  d<^;  IV,  of  an  ape  ;  V,  of  the  guinei-pie.  !^ 
p.  8«.] 

[Meynett'a  Projection  Systemi. — Tbectttex  of  the  cerebrum  consists  of  coDTointiW' 
sulci,  the  "  peripbenil  gray  matter '"  (fig.  564,  C),  which  is  recognized  as  «  nemw  "^J^ 
fTom  the  preieoce  b  it  of  numerous  ganglionic  cells  [\  35S,  i).     From  it  pncK^  i^™ 
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nMor  fibres  which  >ie  excited  by  the  wiil,  and  to  it  proceed  all  the  fibres  coming  rrom  the 
organi  of  apedal  sense  and  seniory  oi^ani,  which  give  rise  lo  the  pajrchical  perception  of  ex- 
iemil  impression*.  [In  Itg.  564  the  decussation  of  the  sensory  fibres  is  represented  as  occurring 
Dear  (he  medulla  oDloogata.  It  is  more  probable  that  a  Isi^e  naiDber  of  the  sensory  libres 
decoBate  shortly  alter  ihey  enter  the  coro,  aa  is  represented  in  fig.  569.  Some  of  the  sensory 
Jibres,  however,  decussate  in  the  medulla  oblongata,] 

Firtt  Projection  Syatem. — The  channels  lead  to  and  fiom  the  cortex  cerebri,  some  of  (hem 
uiTcning  (he  basal  gang-lia,  or  ganglia  of  the  cerebniiD — the  corpus  striatum  (Ci)  (composed 
of  the  caudate  nucleus  and  lenticular  nucleus  (N./)),  (>plic  thalamus  (T.p),  and  corpora  quad- 
riecmina — some  fibres  form  connectioni  with  cells  within  this  central  gray  mailer.  The  hbres 
which  proceed  from  the  cortex  through  th»  corona  rsdiata  in  a  radiate  direclion  constitnle 
MtymrCt  first  prBJictien  system.  Besides  these,  the  white  auhatance  also  contains  I  wo  other 
syilens  of  fibres :  (a)  CoiDmiflBural  fibres,  such  as  the  corpus  callosum  and  the  anterior  com- 
missure (<:,  c),  which  are  supposed  lo  connect  the  iwo  hemispheres  with  each  other;  and  (4)  a 
iimtu(ti»g  or  association  ayatem ,  whereby  two  different  areas  of  the  same  side  are  connected 
tcgeiher  (a,  a).  The  ganglionic  gray  mailer  of  the  basal  ganglia  forms  the  first  stage  in  the 
cauTse  of  a  large  num^r  of  tbe  hbres.  When  they  enter  the  central  gray  matter,  they  are 
inltrrufird  in  their  coune.  According  lo  Meynert,  the  corona  radiata  contains  bundles  of  fibres 
httta  the  corpus  striatum  (t,  l),  lenticular  nucleus  (l,  2),  optic  thalamus  (3,  3),  and  Corpora 
qoadrigemina  (4,  4). 

The  aecond  projection  system  coosials  of  longitudinal  bundles  of  libres,  which  proceed 
downwards  and  reach  (he  so-called  "  central  gray  tube,"  which  is  the  ganglionic  gray  matter 
rcachii^  from  the  3(1  veotricle  through  the  aqueduct  of  Sylvius,  and  the  medulla  oblongata,  (o  the 
lowHt  part  of  ^e  gray  matter  of  the  spinal  cord.     Il  lines  ihe  inner  surface  of  (he  mednllarj 
tube.    It  is  the  aecond  stage  in  (he  cotuie  of  the  fibres  extending  from  the  basal  ganglia  lo  the 
central  tubular  gray  matter.    The  fibres  of  this  system  must  obviously  vary  greatly  in  length; 
some  fibres  end  id  the  central  gray  mai- 
ler above  Ihe  medulla  oblongata,  t.g.,  in 
the   oculo-molor  nucleus,  while  olhers 
reach   lo  the  level  of   Ihe   last  q>inal 
nerves.     In    the    central   gray    matter, 
WA  only  is  Ihe  course  of  the  fibres  inter- 
tnpted,  but  there  is  in  il  an  increase  in 
the  number  of  fibres,  for  far  more  fibres 
proceed  peripherally  from  Ihe  gray  mat- 
ter of  Ihe  medulla  and  spinal  cord  than 
are  sent  to  it  from  the  central  gray  matter 
of  the  brain. 

As  to  the  arrangement  of  the  fibres  lo 
this  second  system,  the  fibres  descending 
from  tlic  caudate  and  lenticular  nucleus 
(8. 8)  are  grouped  into  a  special  channel, 
which  descend  through  the  cnutaof  the 
cerebral  peduncle,  and  enters  the  med- 
nlla  oblongata,  or  (according  (0  Flechsig] 
the  poos.  In  (he  same  way  there  pro. 
cceds  from  the  thalamus  (S)  and  corpora 
quadrigemina  (6,  6)  a  bundle  which  de- 
scends tbTongh  the  tegmentum  (H)  of 
the  cerebral  peduncle.  Bothsetsof  fibres 
— those  in  the  cmstaand  in  th*  tegmen- 
tum— come  together  in  the  cord. 

According  lo  Wernicke,  the  lenticular 
nucleus  and  caudate  nucleus  are  not  the 
parts  of  the  brain  into  which,  from  tbe 
;erebral  cortex  and  through  the  corona, 
"adiate  fibres  enter;  but  Ihey  are  inde- 
leiKlent  parts,  analt^oas  to  tbe_  cortex, 
ind  froiD  them  fibres  proceed. '  These 
tbres  pass  into  the  crusta  and  run  along 
.riih  lliose  fibres  proceeding  from  tbe 
haUmus  and  corpora  quadrigemina. 

According  lo  Meynert,  the  fitnes  which 
jasi  from  Ihe  thalamus  and  corpora  quadrigemina,  through  (he  (egmentum  of  the  cerebral  pedi 
:le,  are  reflex  channels ;  so  that  these  portions  of  the  bradn  are  cenlres  for  certain  extensive. 


Fig.  565. 
Floor  ol  (he  4th  ventricle  and  the  connections  of  ihe 
cerebellum.  On  the  left  side  the  three  cerebellar 
peduncles  are  cot  short ;  on  Ihe  right  (he  connec- 
tions of  the  superior  and  infeiior  peduncles  have 
been  preserved,  while  the  middle  one  has  been  cut 
short.  I,  median  groove  of  the  4(h  ventricle  with 
(he  fasciculi  (ere(esi  3,  the  stria:  of  the  auditory 
nerve  on  each  side  emerging  from  it ;  3,  inferior 
peduncle;  4,  posterior  pyramid  and  clava,  with  the 
calamus  scripiorius  above  it;  5,  superior  peduncle; 
6,  fillet  to  (he  side  of  the  crura  cerebri ;  8,  corpora 
quadrigemina. 
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ordinated  reflexes.  This  is  shown  by  the  fact  that,  after  destmctioQ  of  the  volantary  moior  pitks 
in  animals,  the  technical  completeness  of  moTements,  so  far  as  these  are  discharged  refleiij,  is 
still  intact.  These  channels  run  in  the  spinal  cord,  at  first  on  the  side  (m),  and  probtbly 
ultimately  cross  in  the  spinal  cord  itself. 

The  Third  Projection  System. — Lastly,  finom  the  central  tubular  gray  matter  there  pro- 
ceeds the  third  system,  or  the  peripheral  nerves,  motor  and  sensory.  'Dieae  are  more  niiicr- 
ous  than  the  6bres  of  the  second  system. 

[While  there  are  three  concentric  tubes  in  the  spinal  cord  (|  359),  in  the  part  which  fonos 
the  brain  an  extra  layer  of  gray  matter  is  added — the  peripheral  gray  tube — constitatittg  the 
cortex  of  the  cerebral  hemispheres  and  cerebellum,  and  the  corpora  quadrigemina.  Thus,  tbe 
white  matter  lies  between  two  concentric  masses  pf  gray  matter  {J/i//).'] 

Connections  of  the  Cerebellum. — The  cerebellum  consists  of  two  some- 
what flattened  hemispheres  connected  across  the  middle  line  by  the  middle 
lobe  or  vermiform  process,  which  is  the  fundamental  portion  of  the  organ,  as 
it  is  best  developed  in  lower  animals,  while  as  yet  the  lateral  lobes  are  ba: 
small  or  absent,  e.  g, ,  in  birds.  The  surface  is  furrowed  by  sulci  so  as  to  cause 
it  to  resemble  a  series  of  folia,  leaflets  or  laminae ;  larger  fissures  divide  h 
into  lobes.  Peduncles. — The  two  superior  peduncles  connect  it  vitr 
the  corpora  quadrigemina  and  the  crura  cerebri.  The  fibres  come  from  the 
lower  part  of  the  cerebellum  and  from  its  dentate  nucleus,  and  a  number  of 
these  fibres  decussate  in  the  upper  part  of  the  pons  and  the  tegmentum,  some 
of  them  becoming  connected  with  the  red  nucleus  in  the  tegmentum  of  the 
opposite  side.  Some  of  the  fibres  seem  to  connect  the  cerebellum  with  the 
frontal  lobes,  constituting  a  fronto-cerebellar  tract,  and  they  are  also  crcwcc 
(  Gowers),  When  the  cerebellum  is  congenitally  absent,  these  fibres  are  absent 
{FUchsig),  By  the  two  inferior  peduncles  or  restiform  bodies,  it  is  con- 
nected with  all  the  columns  of  the  spinal  cord,  and  it  is  to  be  noted  that  sonie 
of  the  fibres  forming  these  peduncles  are  connected  with  the  olivary  bod} 
of  the  opposite  side,  so  that  they  decussate.  The  middle  peduncle  is 
formed  by  the  transverse  fibres  of  the  pons  (figs.  517,  566).  It  is  evident 
that  there  is  a  cerebello-spinal  as  well  as  a  cerebro-spinal  connection  to  be 
considered. 

[The  gray  matter  is  external  and  the  white  internal,  and  on  section  the 
foliated  branched  appearance  of  the  cerebellum  constitutes  the  arbor  wte. 
Within  each  lateral  lobe  is  a  folded  mass  of  gray  matter  like  that  in  the  olivarj 
body,  called  the  corpus  dentatum,  and  from  its  interior  white  fibres  pro- 
ceed. Stilling  describes  in  the  front  part  of  the  middle  lobe  roof*nuclei— 
so  called  because  they  lie  in  the  roof  of  the  4th  ventricle.  As  is  shown  in  fif 
565,  the  white  fibres  of  the  superior  peduncle  pass  to  the  gray  matter  on  the 
inferior  surface  of  the  cerebellum,  while  the  inferior  peduncular  fibres  pass  to  the 
superior  surface,  chiefly  of  the  median  part;  but  both  are  said  to  fonn 
connections  with  the  corpus  dentatum ;  the  middle  peduncle  is  connected  with 
the  gray  matter  of  the  lateral  lobes.     The  minute  structure  is  described  in 

§380] 

The  distribution  of  the  blood-vessels  of  the  brain  is  of  much  practio. 
importance.  The  middle  cerebral  artery  of  the  Sylvian  fissure  supplies  the 
motor  areas  of  the  brain  in  animals ;  in  man,  the  paracentral  lobule  is  sa}4)Iied 
by  the  anterior  cerebral  artery  {Durety  The  region  of  the  third  left  firootil 
convolution,  which  is  the  speech-centre,  is  supplied  by  a  special  branch  of  tbe 
middle  cerebral.  According  to  Ferrier,  that  part  of  the  brain,  any  injury  tc 
which  causes  disturbance  of  intelligence,  is  supplied  by  the  anterior  cerebnl ; 
while  those  regions,  where  injury  is  followed  by  hemi^anaesthesia,  are  supplied 
by  the  posterior  cerebral.  It  is  stated  that  anaemia  of  isolated  parts  of  the 
area  of  the  brain  is  associated  with  melancholia  in  man. 

Conduction  to  and  from  the  cerebrum. — Voluntary  motor  fibres.— 
The  course  of  the  fibres  which  convey  impulses  for  voltmtary  motion— the 
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pyramidal  tracts — proceeds  from  the   motor  regions  of  the  cerebrutn 
I^SS  375,  378,  I),  passing  into  and  through  the  white  matter  of  the  cerebrum 
through  Che  corona  radiata  (fig.  566,  a,  b,  c),  and  converges  to  the  internal 
capsule,  which  lies  between  the  nucleus  caudatus  and  opticus  thalamus  inter- 
nally and  the  lenticular  nucleus  externally  (fig.  616).     They  enter  the  cerebral 
peduncle,  and  occupy  the  middle  part  of 
the  circumference  of  the   crusta  (fig.  566, 
Pc),  and  pass  through  the  pons  on  the  same 
side,  and    from    thence    into  the  pyramids 
(Py)  of  the  medulla  oblongata.    [The  motor 
fibres  for  the  face  and  tongue  occupy  the 
knee  of  the  capsule,  those  for  the  arm  the 
anterior  third  of  the  posterior  segment  or 
limb,  and  those  for  the  leg  the  middle  third 
(fig.  566).     They   pass   beneath    the   optic 
thalamus,  enter  the  crusta  of  the   cerebral 
peduncle,  and  occupy  its  middle  third,  or 
two-fifths,  extending  almost  to  the  substan- 
tia nigra,  the  fibres  for  the  face  being  next 
the  middle  line,  and  those  for  the  leg  most 

external,  the  fibres  for  the  arm   lying  be- 
tween the  two.     They  pass  into  the  pons  on 

the  same  side,  where  the  fibres  for  the  face 

(and  tongue)  cross  to  the  opposite  side,  to 

become  connected    with     the    nuclei    from 

which    the   facial    and    hypoglossal    nerves 

arise  (fig.  566,/).     The  fibres  for  the  arm 

and  leg  (and  trunk)   continue  their  course 

to  the  medulla  oblongata,  where  they  form 

the   anterior   pyramids.     In   the  pons,   the 

pyramidal  tracts  are  broken  up  into  bun- 
dles lying  between  its  superficial  and  deep 

transverse   fibres,  and  surrounded  by  gray 

matter  (fig.   619) ;    but  they  have  no  con- 

Qection  with  the  gray  matter  of  the  pons. 

By  far  the  greater  proportion  of  the  fibres 

:ross  to  the  opposite  side  at  the  decussation 

>f  the  pyramids,  to  form. the  crossed  pyra- 

nidal  tracts,  or  lateral  pyramidal  tracts, 

jf  the  lateral  column  of  the  opposite  side 

x).      The   small    uncrossed    portion   (fig. 

66,  i)  is  continued  as  the  direct  pyra- 

nidal  tract  (e)  on   the  same  side.     The 

attcr  fibres,  perhaps,  supply  those  muscles 

'f  the  trunk  Ce- g:,  respiratory,  abdominal, 

nd  perineal),  which  always  act  together  on 

>oth  sides.     According  to  other  observers, 

owcver,  they  cross  to  the  other  side  of  the 

ord  through  the  anterior  white  commissure,  i 

lidal   tract  or  pyramidal  tract  of  the  lateral  column.     The  fibres  of  the  pyra- 

lidal  tracts  split  up  into  fine  fibrils,  which  come  into  connection  with  the  fibrils 

roduced  by  the  subdivision  of  the  processes  of  the  multipolar  nerve-cells. 

'hus,  the  pyramidal  fibres  come  into  connection  with  the  multipolar  ganglionic 

slls  of  the  anterior  cornu  of  the  gray  matter  of  the  spinal  cord  at  successively 


Conne  of  ihe  lidres  for  voluntary  move- 
mem,  at,  path  for  the  motor  nenes 
of  the  trunk ;  i-,  fibres  of  the  facial 
nerve;  B,  Corpus  callosumi  A'l:,  nu- 
cleus caadalus;  Cf,  inlernal  capsule; 
jV;/,  lenticular  nucleus;  ./'.pons;  jV/, 
origin  of  the  facial ;  Py,  I^mids  and 
their  diMUssion;  O/,  olive,  £7r,  resti- 
furm  body  ;  PR,  posterior  root ;  AR, 
anterior  root;  j  crossed  and  i  direct 
pyrimidal  tracts. 


md  descend  ii 


;  crossed  pyra- 
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lower  levels,  and  from  each  multipolar  cell  is  directed  peripherally  a  single 
unbranched  axis-cylinder  process,  which  ultimately  becomes  a  nerve-fibre  (fig. 
566,  a).  The  pyramidal  tracts  thus  end  in,  or  at  least  come  into  conoection 
with,  the  multipolar  nerve-ccUs  of  the  gray  matter  of  the  spinal  cord,  from 
which  the  anterior  roots  of  the  spinal  nerves  arise.] 

[The  course  of  the  pyramidal  tracts,  and  the  decussation  of  these  fibre  in 
the  medulla  oblongata,  explain  why  a  hemorrhage  involving  the  cerebral  nio:o: 
centres,  or  affecting  these  fibres  in  any  part  of  their  course  above  the  decussa 
tion,  results  in  paralysis  of  the  muscles  supplied  by  the  fibres  so  involved  on 
the  i^posile  side  of  the  body.  In  their  passage  through  the  brain,  the  paths  f« 
direct  motor  impulses  are  not  interrupted  anywhere  in  their  course  by  gm- 
glion-cells,  not  even  in  the  corpus  striatum  or  pons.  They  pass  in  a  direct 
uninterrupted  line,  until  each  fibre  becomes  connected  with — or  at  least  is 
fibrils  come  into  relation  with — the  processes  of  a  multipolar  nerve-cell  In  the 
anterior  horn  of  the  gray  matter  of  the  spinal  cord,  so  that  they  have  the 
longest  course  of  any  fibres  in  the  central  nervous  system.] 

Variation  in  DecuBsation. — There  are  varialionias  tothe  number  oi  fibres  which  ooi  c 
the  pyramids  [Flechsig).  In  some  cases  the  usutl  BtTaDgeinent  is  rcTcned,  and  in  Mine  nn 
inslancei  there  a  no  aec<u»tion,  so  that  the  pyrsmidal  tracts  froDi  the  brain  rcroaiD  on  (heiuic 
side.  In  (his  way  ve  may  explain  the  very  rare  cases  where  paralysis  of  the  volantary  Sxnt 
mentt  taket  place  on  Ihe  samt  side  as  the  leuon  of  the  cerebruui  [Sfargagni,  Pierrel).  tia  b 
direct  paralysis.     [Usually  abont  90  per  cent,  of  the  fibres  deciisute.] 

The  motor  cranial 
nerves  also  have  centres :"  . 
the  cortex  cerebri  through  , 
which  they  arc  excited  vol- 
untarily (§  378).  Thepuli-- 
for  such  voluntary  impute 
also  pass  through  the  ie- 
temal  capsule  and  thecntsU 
of  the  cerebral  pednnclt. 
but  they  lie  in  front  of  and 
internal  to  the  pynmid:! 
tracts.  [In  the  interail 
capsule  the  fibres  for  the 
face  (and  tongue)  lie  in  ibe 
knee,  while  thej  occupy  tbf 
part  of  (he  middle  of  che 
cnisu  next  the  middle  Hk- 
Their  course  is  then  direct- 
ed across  the  middle  line 
to  their  respective  noclei. 
from  which  fibres  ptwwi 
Fw-S^?-  ^°  '^^  muscles  supplied  br 

Course  of  Ihe  molor  and  seD»»y  paths  in  a  spinal  segment.  ^^^  nuclei.]  In  fig.  566 
t,  Anterior  pyramidal  tract;  3,  crossed  pyramidal  tract;  ShOWS  the  course  of  IK 
4  and  5,  sensory  paths  decussating  in  the  cord;  6,  sensory  fibres  to  the  facial  ceoti:. 
paths  which  do  not  decussate  in  the  cord ;  7,  afferent  The  exact  course  of  HUB? 
paths  leading  to  Clarke's  coluimi  and  from  thence  passing  gf  (t,^  fibres  is  Still  UE- 
as  uncrossed  libres  upwards  vid  the  direct  cerebellar  tract ;  1       _  -™,_     .   _,^i_~' 

a.  origin  of  a  motor  fibre  from  a  ganglionic  cell  of  the  KIO*"-       The     hypogkrM- 
anterior  comn.  nerve  runs  with  the  pyn- 

midal   tracts,  and  behjre? 
like  the  anterior  root  of  a  spinal  nerve  (§§  354,  357). 

[Sensory  Paths. — Our  knowledge  is  by  no  means  precise.     Sensorr  im- 
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pulses,  passing  into  the  cord,  enter  it  by  the  posterior  nerve-roots,  and  may 
pass  to  the  cerebrum  or  cercbetlum.     There  does  not  seem  to  be  a  direct  termi- 
nation of  the  fibres  of  the  posterior  roots  in  the  ganglionic  cells  of  the  gray 
matter  of  the  spinal  cord.     The  fibres  always  split  up  first  into  fibrils.     If  to 
the  cerebellum,  the  course,  probably,  is  partly  to  the  direct  cerebellar  tract 
and  posterior  column  to  the  restiform  body,  thence  to  the  cerebellum.     It  is  to 
be  noted,  however,  that  the  fibres  that  proceed  to  the  cerebellum  do  not  do 
so  directly.    They  enter  the  cord  and  run  to  come  into  relation  with  the  cells 
of  Clarke's  column,  so  that   Clarke's  column  of  cells  is  their  first  terminal 
station,  and  from  the  cells  of  the  latter  fibres  proceed  which  enter  the  direct 
cerebellar  tracts  (p.  801).     If   to    the   cere- 
bnitn,  some  of  the  fibres  cross  the  middle 
line  in  the  cord  not  far  above  where  they  enter 
and  pass  to  the  lateral  column,  in  front  of  the 
pyramidal  tract.     Some  enter  the  posterior  col- 
umn, and  others  ascend  in  the  gray  matter  to 

pass  upwards.     As  the  two  subdivisions  of  the  ^ 

posterior  column  terminate  above  in  the  nuclei 
of  the  funiculus  gracilis  and  funiculus  cuneatus, 
and  this  column  contains  fibres  from  the  pos- 
terior root,  it  is  suggested  that  above  the  clava 

and   cuneate    nucleus   the    fibres  cross  in  the  • 

superior  pyramidal   decussation   to  reach    the 
pons   and   tegmentum.     In  the  medulla,  it  is 
probable  that  those  fibres  which  do  not  decus- 
sate there  do  so  in  the  pons,  the  impulses  per- 
haps travelling  upwards  in  the  formatio  reticu- 
laris, thence  into  the  posterior  half  of  the  pons,  »«  jvr 
into  the  tegmentum  of  the  crus  under  the  cor-  u-      go 
uora  quadrigemina,  to  enter  the  posterior  third    „            ,  .      '^        .       .      , 
,f  .he  5».|no.  tab   of  .h,  i«.r„J  cp,ulc  '=°STJ:^:S,"^,^^':Z 
fig.   6j6,  S^.      But,    of  course,    the   sensory       ^  Ae  bnun.    Compare  fig.  569. 
ibres  from  tne  face  have  to  be  connected  with      a.x.,  ■aterior,  uid  p.//.,  posierior 
he  sensory  centres  in  the  cerebrum,  so  that      roou;  f^C,  »nterior  ground  l>un- 
hc  sensory  paths  from  the  cord,  »>.,  from  the      die;  j^.J^, direct pp.midd tract; 
mnk  and  limbs,  are  joined  by  those  from  the      ^-^^.^iS^LP^^^tLr  I 
ace  in  the  pons,  and  they  also  occupy  part  of      js7.j..  direct  cercbelUi  irect;  G, 
he  posterior  third  of  the  posterior  segment  of      Goll's  column;  B,  pottero-extcmal 
he  internal  capsule,  so  that  this  imporUnt  part       or  Burdach's  column;  Py,  pyi«. 
r    the  internal  capsule   conducts  sensory  im-       "^l*"!  P'-""'^  '~^?'  ^•j""'- 
ulses    frcn    ,he   0^"=   '»"  »'.  ""^  ^^V-       ESSr'A'%.n"£^ 
onoe  of  the  fibres  pass  mto  the  optic  thalamus,      ([ij,  and  funiculas  cuneatus  oC  the 
ad  others  enter  the  white  matter  of  the  cere-       medulla  oblongiia. 
ruin,  but  their  exact  course  is  very  uncertain. 

he  sensory  fibres  derived  from  the  organs  of  special  sense,  e.g.,  the  ear,  go 
t  the  superior  temporo-sphenoidal  convolution,  but  whether  directly  or  indi- 
«tly  we  do  not  know ;  perhaps  some  of  those  for  vision  traverse  the  optic 
lalamuE.  Some  of  the  afferent  fibres  perhaps  go  to  the  occipital  region,  and 
owers  asserts  that  some  of  them  go  to  the  parietal  and  central  regions,  i.e., 
■  the  "  motor  "  regions,  for  he  holds  "  that  disease  of  the  motor  cortex  often 
.uses  impairment  of  the  tactile  sensibility."] 

[Charcot  has  called  the  posterior  third  of  the  posterior  segment  of  the  inter- 
.1  capsule,  lying  between  the  posterior  part  of  the  lenticular  nucleus  and 
e  optic  thalamus,  the  "carefour  sensitif"  or  "sensory  crossviray  "  f fig. 
6,  S^.     If  it  be  divided  there  is  hemi-auEesthesia  of  the  opposite  side.] 
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Fig.  569. 

Diagram  of  a  spinal  segment  as  a  spinal  centre  and  conducting  medium.  B,  right,  B'^Jf^ 
cerebral  hembphere;  MO,  lower  end  of  medulla  oblongata;  i,  motor  tract  hom  the  r^- 
hemisphere,  the  larger  part  decussating  at  MO,  and  pasting  down  the  lateral  cdamB  of  t^ 
cord  on  the  opposite  side  to  the  muscles  M  and  M^ ;  2,  motor  tract  from  tbc  lei  bcc^ 
sphere ;  S,  S^,  sensitive  areas  on  the  left  side  of  the  body ;  y,  3,  the  main  stoaarj  i*^ 
from  the  left  side  of  the  body — it  decussates  shortly  after  entering  the  cord;  S',  S*,*»- 
sitive  areas,  and  4^,  4,  tracts  from  the  right  side  of  the  body.  The  arrows  indicite  tbc  <£ 
rection  of  the  impulses  {Bramwell),  [Here  all  the  sensory  fibres  are  shown  as 
the  cord.] 
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The  posterior  columns  appear  to  conduct  upwards  sensory  impulses 
reaching  them  from  the  posterior  roots.  The  posterior  root  after  entering  the 
cord  shows  a  division  into  a  median  and  a  lateral  bundle.  The  median 
bundle  of  each  posterior  nerve-root  as  it  ascends  in  the  posterior  column  of 
its  own  side  tends  chiefly  to  pass  outwards  near  to  the  posterior  cornu  (fig. 
568,  2).  Each  successively  higher  entering  root  (fig.  568,  i)  tends  to  press 
inwards  the  fibres  proceeding  from  the  roots  below  it.  Hence  in  the  cervi- 
cal part  of  the  cord  the  afferent  fibres  coming  from  the  lower  limbs  lie  chiefly 
in  Goirs  column,  while  the  postero-external  column  still  contains  many  such 
fibres  from  the  fore-limbs.  The  fibres  of  Goll's  column  end  in  the  nucleus 
of  the  clava»  and  those  of  the  postero-external  column  in  the  nucleus 
cuneatus  of  the  bulb.  From  these  nuclei  many  fibres  proceed  to  enter  the 
fillet  or  lemniscus  (fig.  568,  L)  of  the  opposite  side  {Edinger,  Flechsig). 
Some  of  the  fibres  are  said  to  pass  to  the  cerebellum. 

[Of  the  sensory  impulses  which  pass  into  the  cord  some  cross  over  to  the 
opposite  side ;  in  the  cord  at  higher  levels  than  the  plane  on  which  they  enter 
are  other  fibres.  Other  impulses,  however,  are  conducted  by  fibrils  which  re- 
main on  the  same  side  of  the  cord  as  that  on  which  they  enter.  They  reach 
the  nucleus  gracilis  and  nucleus  cuneatus.  From  these  nuclei  fibres  pass  ofl* 
which  pass  forward  through  the  gray  matter  of  the  bulb,  and  decussate  with 
those  of  the  opposite  side.  These  fibres  pass  to  the  fillet  or  inter-olivary  layer, 
and  this  constitutes  the  supra-pyramidal  decussation  of  sensory  impulses 
passing  to  the  cerebrum  (fig.  571,  d,a.^.  This  decussation  of  sensory  fibres  is 
best  made  out  in  a  foetus  of  seven  months  (Edinger),  Thus  some  sensory  im- 
pulses decussate  in  the  cord  and  others  in  the  bulb.] 

The  lateral  bundles  of  the  nerve-roots,  composed  of  coarse  and  fine  fibres 
(fig.  568,  3,  4),  enter  the  gray  matter  of  the  posterior  cornu  (  Geriach,  Lissauer), 
and  some  of  them  appear  to  split  up  into  fibres  in  the  gray  matter  of  their  own 
side,  while  other  fibres  cross  and  ascend  in  the  anterior  and  lateral  columns. 
At  the  level  of  the  bulb  these  fibres  come  to  lie,  along  with  their  original  com- 
panions, in  the  fillet  or  interolivary  body  (fig.  568,  4),  so  that  almost  all  the 
fibres  of  the  posterior  roots  lie  together,  but  on  the  opposite  side  of  the  body 
QEdinger),  A  number  of  the  fibres  of  the  posterior  root  (fig,  568,  5)  appear  to 
end  in  connection  with  the  cells  of  Clarke's  vesicular  column,  which  is  their 
nutritive  or  trophic  centre.  From  Clarke's  column  fibres  proceed  which  pass  out- 
wards and  upwards  in  the  direct  cerebellar  tract  of  the  same  side.  These  fibres 
pass  to  the  restiform  body  and  thence  to  the  cerebellum.  These  fibres  are  con- 
cerned with  the  regulation  of  the  equilibrium  of  the  body,  and  they,  together 
with  the  cells  of  Clarke's  column,  are  often  diseased  in  locomotor  ataxia. 

Sensory  Decussation  in  Cord. — As  the  greater  part  of  the  sensory  fibres 
from  the  skin  decussate  in  the  spinal  cord,  and  thus  pass  to  the  opposite 
side  of  the  cord  (fig.  569),  unilateral  section  of  the  spinal  cord  in  man  (and 
monkey — Ferrier)  abolishes  sensibility  on  the  opposite  side  below  the  lesion. 
There  is  hyperaesthesia  of  the  parts  below  the  seat  of  the  section  on  the  side  of 
the  injury  (§  363).  From  experiments  on  mammals,  Brown-S6quard  concludes 
that  the  decussating  sensory  nerve-fibres  pass  to  the  opposite  side  within  the 
cord  at  different  levels,  the  lowest  being  the  fibres  for  touch,  then  those  for 
tickling  and  pain,  and,  highest  of  all,  those  which  administer  to  sensations  of 
temperature. 

All  the  fibres,  therefore,  which  connect  the  spinal  cord  with  the  gray  matter 
of  the  brain,  undergo  a  complete  decussation  in  their  course.  Hence,  in  man 
a  destructive  affection  of  one  hemisphere  usually  causes  complete  motor  paralysis 
and  loss  of  sensibility  on  the  opposite  side  of  the  body.  The  fibres  proceeding 
from  the  nuclei  of  origin  of  the  cranial  nerves  also  cross  within  the  cranium. 
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'  Not  onlreqaeatlj  tbe  motor  panlTsii  arid  aiueitlie«a  occur  on  the  lame  Hde  of  ihc  bad,  m 
which  caie  the  lesion  (due  to  preKure  ot  inflammalion)  IdvoItu  the  cranial  dcttci  Xfag  »  dit 
base  of  the  brain. 

The  positions  of  decussation  are  (1)  in  the  spinal  cord,  (>)  in  theiK- 
dulla  obloDgata,  and  lastly  (3)  in  the  pons.  The  decussation  is  complete  in 
the  peduncle. 

Altemate  Paralyala. — Gnbler  observed  that  unilateral  injiuy  to  the  pona  canjcd  puitjairf 
the  facial  nerve  on  die  lamt  aide,  but  pwalysii  of  tbe  oppmiie  half  of  the  bodj.  He  coodidtd 
■hat  the  nerreiof  the  (tudIi  decmsaCei^sn  they  reach  the  pon*,  vhile  the  faoal  EhreideciBit 
within  the  pom.  Tolbeae  raie  caaeilhe  name  " aliemali kemipltgia"  it  given.  [Whcabtau- 
rhage  takes  place  into  the  Inetr  part  of  the  lateral  halfor  the  pooi,  there  tnaj  be  ihcnn 
piralyiii,  but  when  the  ufiftr  part  of  the  lateral  balT  is  injured,  the  &inal  b  panljied  m  dx 
same  aide  as  the  body,  J  379.] 

The  olfacloty  nerve  is  laid  not  to  decussate  (?),  while  the  optic  nerve  undeigoes  a  partial  dt- 
cussalion  at  tbe  chiasma  {{  344)-  Some  ot»ervers  assert  that  the  librea  o(  the  tnichleaiis  ieaa- 
site  at  their  origin. 

sMp.  njl. 


Fig.  570- 
Section  of  the  decusMtion  of  the  pyramids.  Jla,  anterior  median  fissure,  displaced  litenltT  tf 
the  fibres  decussating  at  ^,-  ^',  anterior  column;  Ca,  anterior  cornu,  with  its  nvve-crih. 
d,  b  ;  re,  central  canal ;  S,  lateral  column  ;  Jr,  fomialio  reticularis ;  <T,  neck,  and  f,  hai 
of  the  postenoi  comu ;  rpCl,  posterior  root  of  the  ill  cervical  nerve ;  ne,  &a  im^cfliia 
of  the  nucleus  of  the  funiculus  cuneatus  1  ng,  nucleus  (clava)  of  tbe  funiculus  gncilbi  ^. 
funiculus  gracilis;  H^,  fimicalua  cuneatus;  sip,  posterior  median  lisiurei  i,  gmapsof  [■>- 
glionic  cells  in  the  base  of  the  posterior  cornu.     X  6. 

366.  THE  MEDULLA  OBLONGATA  OR  BULB.— [Stnictsrc. 

— In  the  medulla  oblongata,  the  fibres  from  the  cord  are  rearraDged,  the  gny 
matter  is  also  much  changed,  while  new  ^ray  matter  is  added.  Each  half  of  tie 
medulla  oblongata  consists  of  the  followmg  parts,  from  before  backwards;  Tbe 
anterior  pyramid,  olivary  body,  restiform  body,  and  posterior  ftti- 
mid,  or  funiculus  gracilis  (figs.  570,  571,  57a).  By  the  divergence  of  the  pa- 
terior  pyramids  and  the  restiform  bodies,  the  Hoot  of  the  4th  ventricle  is  ex- 
posed. As  the  central  canal  of  the  cord  gradually  comes  nearer  to  the  posenor 
surface  of  the  medulla,  it  opens  into  tbe  4th  ventricle.     At  the  lower  cod  01' 
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the  medulla  oblongata,  on  separating  the  anterior  pyramids,  we  may  see  the 
decussation  of  the  pyramids,  where  the  fibres  cross  over  to  the  lateral 
columns  of  the  cord.  The  anterior  pyramid  receives  the  direct  pyramidal  tract 
of  the  anterior  column  of  the  cord  from  its  own  side,  and  the  crossed  pyramidal 
tract  from  the  lateral  column  of  the  cord  of  the  opposite  side  (fig.  570).  The 
decussating  fibres  (crossed  pyramidal  tract)  of  the  lateral  column  pass  across  in 
bundles  to  form  the  decussation  of  the  pyramids.  Most  of  the  pyramidal  fibres 
pass  through  the  pons  directly  to  the  cerebrum,  a  few  fibres  pass  to  the  cere- 
bellum, while  some  join  fibres  proceeding  from  the  olivary  body  to  form  the 
olivary  fasciculus  or  fillet.] 

[Thus  only  a  part  of  the  anterior  column  of  the  cord — direct  pyramidal 
tract — is  continued  into  the  anterior  pyramid,  where  it  lies  external  to  the 
fibres  which  pass  to  the  lateral  column  of  the  opposite  side.  The  remainder  of 
the  anterior  column — the  antero-extemal  fibres — are  continued  upwards,  but 
lie  deeper  under  cover  of  the  anterior-pyramid,  where  they  serve  to  form  part 
of  the  formatio  reticularis  (p.  833).] 

[Of  the  fibres  of  the  lateral  column  of  the  cord,  some,  the  direct  cerebel- 
lar tract,  pass  backwards  to  join  the  restiform  body  and  go  to  the  cerebellum. 
These  fibres  lie  as  a  thin  layer  on  the  surface  of  the  restiform  body.  The 
crossed  pyramidal  ^x^  cross  obliquely,  at  the  lower  end  of  the  medulla,  to  the 
anterior  pyramid  of  the  opposite  side,  and  in  their  course  they  traverse  the  gray 
matter  of  the  anterior  cornu  (fig.  570,^).  These  fibres  form  the  larger  and 
mesial  portion  of  the  anterior  pyramid.  The  remaining  fibres  of  the  lateral 
columns  are  continued  upwards,  and  pass  beneath  the  olivary  body,  where  they 
are  concealed  by  this  structure  and  also  by  the  arcuate  fibres,  but  they  appear 
in  the  floor  of  the  medulla  oblongata  and  are  here  known  as  the/asctculus  teres, 
which  goes  to  the  cerebrum.  As  they  pass  upwards,  they  help  to  form  the 
lateral  part  of  the  formatio  reticularis.] 

[The  posterior  pyramid  of  the  oblongata  is  merely  the  upward  continu- 
ation of  the  postero-median  column,  or  funiculus  gracilis  of  the  cord.  As  it 
passes  upwards  at  the  medulla  it  broadens  out,  forming  the  clava,  which 
tapers  away  above.  The  clava  contains  a  mass  of  gray  matter — the  clavate 
nucleus.] 

[The  restiform  body  consists  partly  of  the  upward  continuation  of  the 
postcro-extemal  column  or  funiculus  cuneatus  of  the  cord.  The  funiculus 
cuneatus  contains  a  mass  of  gray  matter,  called  the  cuneate  or  triangular 
nucleus.  Some  of  the  fibres  emerging  from  this  nucleus  p^ss  to  join  the  resti- 
form body.  Above  the  level  of  the  clava,  the  funiculus  cuneatus  forms  part  of 
the  lateral  boundary  of  the  4th  ventricle.  Immediately  outside  this,  /'.  ^.,  be- 
tween it  and  the  continuation  of  the  posterior  nerve-roots,  is  a  longitudinal 
prominence,  which  Schwalbe  has  called  the  funiculus  of  Rolando.  It  is 
formed  by  the  head  of  the  posterior  cornu  of  gray  matter  coming  nearer  the 
surface.  It  also  forms  part  of  the  restiform  body.  Some  arcuate  fibres  issue 
from  the  anterior  median  fissure,  turn  transversely  outwards  over  the  anterior 
pyramids  and  olivary  body,  and  pass  along  with  the  funiculus  cuneatus,  the 
funiculus  of  Rolando,  and  the  direct  cerebellar  fibres,  to  enter  the  correspond- 
ing lateral  lobe  of  the  cerebellum,  all  these  structures  forming  its  inferior 
peduncle.  Some  observers  suggest  that  the  funiculus  cuneatus  and  funiculus  of 
Rolando  do  not  pass  into  the  cerebellum.] 

[The  olivary  body  or  inferior  olive  forms  a  well-marked  oval  or  olive-shaped  body,  which 
does  not  extend  the  whole  length  of  the  medulla  (Bg.  572,  0),  Above,  it  is  separated  from  the 
pons  by  a  groove  from  which  the  6th  nerve  emerges.  In  the  groove  between  it  and  the  anterior 
pyramid  arise  the  strands  of  the  h3rpoglossal  nerve,  while  in  a  corresponding  groove  along  its 
outer  surface  is  the  line  of  exit  of  the  vagus,  glosso-pharyngeal,  and  spinal  accessory  nerves. 
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It  ia  coTcred  on  in  suifice  by  longitudiiul  and  arcuate  6biei,  while  io  iis  interior  it  anUiu  ibc 


Tbe  oUtbtj  nucleus  is  a  iU«1[> shaped  structure,  with  folded  walls  and  wilb  ■  wide  m 
towards  the  middle  line  (lig.  571,  0).  It  consists  of  small  rounded  □erre-cells  embt 
basis  of  neuroglia  and  nerve-tinue.  -  Immediately  internal  and  donal  to  it  is  the  internal  pai' 
olivary  body  or  accessory  olivary  nucleus  (fig.  572,  ounl.aDd  exiemal  to  it  is  the  extcnul 
accessory  nucleus  (^g  573,  oaf).  The  uimh  nerve  (fig.  571,  XII)  niiu  t>etwe«o  the  iasci 
accessoty  nucleus  and  the  olivary  body  itself. 

[The  functions  of  tbe  olivary  twdies  are  quite  unkoown,  but  it  is  important  to  rememte 
that  these  organs  are  connected  by  fibres  with  the  dentate  nuclei  of  the  cerebellnm.  Fiht)  pBi 
into  the  olivary  body  from  the  prarterior  column  of  the  cord  of  the  opposite  aide,  and  it  Is  ils< 
connected  with  the  dentate  body  of  the  oppoaite  side,  while,  as  we  know,  the  dentate  hoJj  n 
cunnected  with  the  tegmentum,  10  that  through  the  left  dentate  body  of  the  opposite  side,  tl* 
tegmentum  of,  say,  the  right  crui,  is  connected  with  the  right  olivary  body  (  Gmaen),  la  jmng 
animals  removal  of  the  half  of  the  Cerebellum  causes  atrof^y  of  tbe  olivary  nodeos  of  ik 
Opposite  side.] 

»!'       ^V 
./_        ff'      ".?    JI'    „f 


?\g.  571.  ng.  57*. 

F^.  571 — Section  of  the  medulla  oblongata  at  the  so-called  upper  deciusatioa  of  the  pyiaaai^ 
f.l.a,  anterior,  tJ.p,  posterior  median  fissure  ;  n.XJ,  nucleus  of  the  accessorius  vagi ;  n.Xii. 
nucleus  of  the  hypoglossal ;  da,  the  so-calltd  superior  or  anterior  decassation  of  the  p^n- 
mids; />>,  anterior  pyramid  J  n.or,  nucleas  ardformis  ;  D>,  median  paroUvary  body  ;  >,  t*- 
ginning  of  the  nucleus  of  the  olivary  body ;  »./,  nucleus  of  the  latoal  colamn ;  F.r.  it 
matio  reticularis;  g,  substantia  gelatinosa,  with  (a.  V)  tbe  aacending  root  of  the  iiigminai. 
ne,  nucleus  of  the  funiculus  cuneatus ;  ».c',  external  nucletis  of  the  IntiicnlBS  csDcni' 
Hg,  nucleus  of  the  fanicalui  gracilis  (or  clava);  N^,  funiculus  gradlis;  //'',  fnicilD 
cuneatus;  n,  central  caruil ;  yiu, /.s',  ^a',  external  arciform  fibres,  x  4>  ^fi- h'^~ 
Section  of  the  medulla  oblongata  through  the  olivary  body.  n.XII,  nndeiia  of  the  hp:- 
glossal;  hX,  nX',  mote  or  lea  cellular  parts  of  the  nucleus  of  the  vagtis;  XI/,  bjpogbi- 
sal  nerve;  X,  vagu*;  n.nm,  nucleus  ambiguus;  nJ,  nucleus  lateralis;  d,  oMvb^  nndee^ 
aal,  external,  and  oam,  iotemal  parolivary  body  ;  /j,  the  round  bundle,  or  ftnjj'"''"  lali- 
tarius ;  C.r,  restiform  body  ;  /,  anterior  pyramid,  surrounded  by  arciform  Ghres ;  fjj.rj-. 
fibre*  proceeding  from  the  olive  to  the  raphe  (pedunculus  olivse) ;  r,  raphe.     X  4- 

[Decussation  of  the  pyramids  is  the  term  given  to  those  fibres  which 
cross  obliquely  in  several  bundles,  at  the  lover  part  of  the  medulla,  &tiiii  tbe 
anterior  pyramid  of  the  tnedulla  into  the  lateral  colunm  of  the  cord  of  lix 
opposite  Side  (fig.  570,  J}  to  form  its  lateral  pyramid  tracts,  or  crossed  pyn- 
midal  tracts.  The  number  of  fibres  which  decussate  varies,  and  in  some  an 
cases  all  the  fibres  may  cross.] 
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[The  gray  matter  of  the  medulla  is  largely  a  continuation  of  that  of  the  cord,  although  it  is 
arranged  diflferently.  As  the  fibres  from  the  lateral  column  of  the  cord  pass  over  to  form  part 
of  the  anterior  pyramid  of  the  medulla  on  the  opposite  side,  they  traverse  the  gray  matter, 
and  thus  cut  off  the  tip  of  the  anterior  comu,  which  is  also  pushed  backwards  by  the  olivary 
body,  and  exists  as  a  distinct  mass,  the  nucleus  lateralis  (Hg.  572,  »/).  Part  of  the  anterior 
gray  matter  also  appears  in  the  floor  of  the  4th  ventricle  as  the  eminence  of  the  fetsdculus  teres, 
and  firom  part  of  it  springs  the  hypoglossal  nerve  (fig.  571,  XII).  The  neck  joining  the  modi- 
fied anterior  and  posterior  cornua  is  much  broken  up  by  the  passage  of  longitudinal  and  trans- 
verse fibres  through  it,  so  that  it  forms  a  formatio  reticulans,  separating  the  two  cornua  (fig. 
571,^).  The  caput  comu  posterioris  comes  to  be  covered  higher  up  by  the  ascending  root  of 
the  5th  nerve  (fig.  571, a  K),  and  arcuate  fibres  passing  to  the  restiform  body.  The  posterior  comu 
is  also  broken  up  and  is  thrown  outwards,  its  caput  giving  rise  to  part  of  the  elevation  seen  on 
the  surface  and  described  as  the  funiculus  of  Rolando,  while  part  of  the  base  now  greatly 
enlai^ed  forms  the  gray  matter  in  the  funiculus  gracilis  [clavate  nucleus]  (fig.  570,  ng)  and  funi- 
culus cuneatus  [cuneate  or  triangular  nucleus]  (fig.  570,  nc).  Nearer  the  middle  line  the  gray 
matter  of  the  posterior  gray  comu  appears  in  the  floor  of  the  4th  ventricle,  above  the  point  where 
the  central  canal  opens  into  it,  as  the  nuclei  of  the  spinal  accessory,  vagus,  and  glosso-pharyngeal 
nerves.] 

[In  the  floor  of  the  4th  ventricle  near  the  raphe,  and  quite  superficial,  is  a  longitudinal  mass 
of  large  multipolar  nerve-cells,  derived  from  the  base  of  the  anterior  comu  from  which  spring 
the  several  bundles  forming  the  hjrpoglossal  nerve;  it  is  the  hypoglossal  nucleus  (figs.  572, 
n.XIIf  573),  the  nerve-fibres  passing  obliquely  outwards  to  appear  between  the  anterior  pyramid 
and  the  olivary  body.  Intemal  to  it,  and  next  the  median  groove,  is  a  small  mass  of  cells  con- 
tinuous with  those  in  the  raphe,  and  called  the  nucleus  of  the  funiculus  teres  (fig.  572,  »./). 
Around  the  central  canal  at  the  lower  part  of  the  medulla  is  a  group  of  cells  (fig.  572,  n.Xl\ 
which  becomes  displaced  laterally  as  it  comes  nearer  the  surface  in  the  floor  of  the  medulla 
oblongata,  where  it  lies  outside  the  hypc^lossal  nucleus,  and  corresponds  to  the  prominence  of  the 
ala  dnerea  (fig.  572,  n,X) ;  and  fipom  it  and  its  continuation  upwards  arise  from  below  upwards 
part  of  the  spinsd  accessory  (nth),  and  the  vagus  (loth,  corresponding  to  the  position  of  the 
eroinentia  cinerea — fig.  572,  A"),  so  that  this  column  of  cells  forms .  the  vago-accessorius 
nucleus.  External  to  and  in  firont  of  this  is  the  nucleus  for  the  glosso-pharyngeal  nerve. 
Further  up  in  the  medulla,  on  a  level  with  the  auditory  striae  and  outside  the  previous  column,  is 
a  tract  of  cells  from  which  the  auditory  nerve  (8th)  in  great  part  arises;  it  is  the  principal 
auditory  nucleus,  and  lies  just  under  the  commencement  of  the  inferior  cerebellar  pedunde 
(fig.  516,  8^,  8^^,  V''\  It  consists  of  an  outer  and  inner  nucleus,  which  extend  to  the  middle 
line.  It  forms  connections  with  the  cerebellum,  and  some  fibres  are  said  to  enter  the  inferior 
cerebellar  peduncle.  This  is  an  important  relationship,  as  we  know  that  the  vestibular  branch 
of  the  anditory  nerve  comes  partly  from  the  semi-circular  canals,  so  that  in  this  way  these  organs 
may  be  connected  with  the  cerebellum.] 

[Superadded  Gray  Matter. — ^There  is  a  superadded  mass  of  gray  matter  not  represented 
in  the  cord,  that  of  the  olivary  t>ody  enclosing  a  nucleus,  the  corpus  dentatum,  with  its  wavy 
strip  of  gray  matter  containing  many  small  multipolar  nerve-cells  embedded  in  neuroglia.  The 
gray  matter  is  covered  on  the  surface  by  longitudinal  and  transverse  fibres.  It  is  open  towards 
the  middle  line  (hilum),  and  into  it  run  white  fibres  forming  its  peduncle  (fig.  Sl^tP*  ^>  ^)- 
These  fibres  diverge  like  a  fan,  some  of  them  ending  in  connection  with  the  small  multipolar 
cells  of  the  dentate  body,  while  others  traverse  the  lamina  of  gray  matter  and  pass  backwards 
to  appear  as  arcuate  fibres  which  join  the  restiform  body ;  others,  again,  pass  directly  through 
to  the  surface  of  the  olivary  body,  which  they  help  to  cover  as  the  superficial '  arcuate  fibres. 
The  accessory  olivary  nuclei  (fig.  $71,  0^,  (/')  are  two  small  masses  of  gray  matter  similar  to 
the  last,  and  looking  as  if  they  were  detached  from  it,  one  Ijring  above  and  external,  sometimes 
caUed  the  parolivary  body  and  the  other  slightly  below  and  intemal  to  the  olivary  nucleus,  the 
latter  being  separated  firom  the  dentate  body  by  the  roots  of  the  h3rpoglossal  nerve.  The  latter 
is  sometimes  called  the  internal  parolivary  body,  or  nucleus  of  the  pyramid.] 

The  formatio  reticularis  occupies  the  greater  part  of  the  central  and  lateral  parts  of  the 
medulla,  and  is  produced  by  the  intercrossing  of  bundles  of  fibres  ranning  longitudinally  and 
more  or  less  transversely  in  the  medulla  (fig.  S7^ffr)'  ^^  ^^^  more  lateral  portions  are  large 
multipolar  nerve-cells,  perhaps  continued  upwards  from  part  of  the  anterior  comu,  while  the 
part  next  the  raphe  has  no  such  cells.  The  longitudinal  fibres  consist  of  the  upward  prolonga- 
tion of  the  antero-exteraal  columns  of  the  cord,  while  some  seem  to  arise  from  the  clavate  nuclei 
and  olives  as  arcuate  fibres  passing  upwards.  Just  above  the  decussation  of  the  pyramids,  some 
fibres  proceed  from  the  clava,  and  cuneate  nucld,  and  pass  round  the  central  gray  matter,  and 
decussate  between  this  and  the  anterior  fissure  (p.  829).  They  form  connections  between  these 
two  nucld  and  parts  of  the  brain  above,  and  they  form  the  superior  decussation  or  sensory 
decussation.  In  the  lateral  portions  the  longitudinal  fibres  are  the  direct  continuation  upwards 
of  Flechsig's  antero-lateral  mixed  tracts  of  the  lateral  columns  (p.  800).    The  horizontal  fibres 
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M-e  formed  by  arcuate  fibres,  loiiie  at  wblch  ruD  more  or  Un  Imurerse'jt  ouiwirdi  frm  tbc 
raphe.  The  iuptrfidal  aretaii fibm  (fig.  573,/,  o,  *)  ai^iear  in  the  anterior  roediu  ftuoR,  ud 
perhapa  come  thiough  tbe  raphe  from  the  opposite  side  of  (he  medulla,  cnrre  round  the  uurict 
pyramidt,  form  a  kind  of  capsule  for  the  oIitce,  and  join  the  restiform  body  (p.  Sji), ha  thtr 
ue  reinforced  by  some  of  the  deep  arcuale  fibres  which  traverse  ibe  olivary  body  (p.  Sjj).  The 
ditp  arcuaitfibnt  ruD  from  the  clavBle  and  triangular  nuclei  borizontally  inwards  lo  tbc  i^ht. 
and  CroH  totiie  other  nde;  oChen  pass  from  the  raphe  lo  the  oIJTary  body,  and  iboofh  ilMtk 
reniform  body  in  the  raphe,  which  contaioa  nerve- eel  is,  some  fibres  nua  trancrenely,  Mhen 
iongiludinally,  and  otben  from  before  backwards.] 

[Other  Nerve  Nuclei— Sixth  Nervo— Under  the  eleralion  called  emincDlia  tens  (fig.  516' 

in  front  of  the  auditory  stride,  ckoe  to  (he  nid 

die  line,  is  a  tract  of  large  miiltipolar  Mm- 

celU.     Il  was  once  thoDgbt  lo  be  the  coma 

nuclentof  the  6th  and  7th  facial  nemLb« 

Cowers  has  shown  that "  the  facial  iKeadin 

(his  nucleus,  forms   a   loop   round  it  (■■{ 

fim-es  indeed  go  ihroggfa  it),  and  then  peao 

downward-t,  forwards,  and  outwards,  to  s  oil* 

umn  of  celts  more  deeply  placed  in  the  BnUJ 

(tian   any  other  nacleni  in    the    lows  part' 

But   the  7th   has   no  real   ori^    fron  ite 

nucleoa.     Facial  Nerre. — The  nodeai  ba 

deep  in  the   fonnatio  rclicvLaic  of  tbc  peu 

undia  (he  door  tS  the  4th  veMricle,  tat  aislt 

(he  position  of  the  ondeui  of  tlw  6th  lip 

516,  530,  573).     It  extend*  duwnwwA  ^oa 

a*  br  as  the  auditory  oriae,  or  a  little  low. 

The  fifth  nerre  atiaes  from  its  isocar  ns- 

cleua  (with  large  nnltipokr  ceUi),  wbick  lb 

laare  superficially  above  and  external  ■>  tbi 

6th  (1^.  573,  5).     The  fibrea  iwi  backavk 

wbcre  tbey  arc  joined  by  fibra  from  tbi  tlfp 

•ensoiy  nucleus,  but  anotber  aenmy  Mdn 

extends  down  nearly  to  the  lowo'  end  of  ik 

medulla  (5"}.    Donbtless  this  eatenatearip 

brings  thit  nerve  into  jntjmate  rdaboa  nli  ik 

other  cranial   nerve*,  and   aecovati   (v  di 

nnmcrous  rellex  acts  which  can  Iw  diacbufsl 

"g-  S73-  through  the  fifth  nerve.     Soaae  BeBaaTT£taB 

Schematic  prcgectioo  of  the  medulla  oblongata,      are  said  10  pais  np  beneath  ike  oaipon  tft- 

Po,  pons;   Brcj,  superior  cerebdtar  ped-     ligemiDa  ((7«(vrr).     The  foarth nerrc bw 

uncles ;     Va,  asundiog  1     Vc,  descendme ;      from  (be  valve  of  Vieusscna,  a.  (^  the  Ihw 

Vm,  motori    Vt,  tensoiy  roots  of  the  fifth     of  white  and  gray  matter  which  areKfeabr 

nerve;   NVm,  motor;   NVi,  teiuocy  trigc-     tween  the  superior  ceni>ellar  pednaetet.   \ 

mlnal  nucleus;  NVII,  facial  nucleus;  Vtl     ari*e*,  therefore,  ^Ai'm/  the  ^Ih  vcMiick<% 

d,  b,  f,  faci^  root ;    VII,  point  of  eidt  of     516},  but  some  of  (be  fibres  ipn^  fna  Baw> 

facial   nerve;    NVI,  nucleo*  of  abdaeeu;      cells  at  ibe  lower  pan  of  (be  nodcaal^tb: 

IX,  a,   ascending    glosso-pharyngeal  root;      3d  uerve.     Some   Gbras  also   descend  ia  lit 

IX,  its  point  of  exit;   No,  olivaiy  nucleus;     poos  to  liirm  a  connectioa  with  the  sKitB 

X,  vagus  (or  gtosso  phairngeal  nerve),  with  of  the  6tb  nerve.  The  filiin  ill  11—11  tali~^ 
the  origin  of  certain  fine  fibAs  in  the  nucleus  the  aqeduct,  10  that  in  il  alone,  <rf all  ihecnM- 
amtriguus ;  Na' ,  Ca,  anterior  comu  of  the  nerves,  decimation  occnn  between  its  ndte 
spinal  cord;  Ca,  Na,  NVII,  NVm,ta\nma  and  its  >upet€cial  origin  (Cnwri).  Tbtlkri 
of  motor  nuclei ;  NXII,  uucleut  of  hypo-  tterv*  arises  from  a  tract  of  ccJU  beocolk  t* 
glossal  nerve.  aqueduct  and  near  the  middle  bae,  sad  « 

fibres  desceitd  ibrongb  tbe  tegmaCaB  u  ^■ 
pear  at  the  inner  side  of  the  crus  cerebri,  Gowera  points  out  that,  in  reality,  thm  an  tbiee  <i> 
tincl  functional  centres,  (1)  for  accommodation  (ciliary  muscle),  (1)  for  the  light  ideicf  tV 
iris,  and  (3)  most  of  tbe  external  muscles  of  the  eyebalL  It  is  important  to  notice  tbe  (nasN 
tlon  between  the  nuclei  of  the  3d,  4th,  and  6(h  nerves,  in  relation  to  the  iDnervMica  d  t^ 
ocular  muscles.] 

[When  we  trace  up  the  (rac(s  from  the  cord  (o  the  medulla  obloi^ata,  (wo  tiacli  M  la>  p* 
through  the  bulb  without  formii^  counectioni  with  its  structure*  to  higber  pans,  viL,  6t 
pyramidal  tracts  (o  (he  cerebrum  and  (be  direc(  cerebellar  tract  10  (he  cerebdhui.  Po^ 
all  tbe  other  longitudinal  fibres  of  (he  cord  form  conncctioiis  with  ac»ne  parts  of  (lie  MtdiiJ 
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oblongata,  thus  the  fibres  of  Goll's  column  end  in  the  cells  of  the  clava  or  gracilis  nucleus, 
and  those  of  the  postero-extemal  column  with  the  cells  of  the  cuneate  nuclei.  By  means  of 
these  nuclei,  the  fiores  of  the  posterior  columns  of  the  cord  form  indirect  connections  with  the 
cerebrum  and  cerebellum.  Fibres  proceed  from  both  nuclei  to  form  the  superior  decussation — 
which  after  decussation  form  the  inter-olivary  layer,  which  is  continued  into  and  forms  the 
chief  part  of  the  longitudinal  bundle  known  as  the  fillet,  which  is  continued  to  the  brain. 
Some  fibres  proceed  from  these  two  nuclei,  decussate,  and  appear  as  external  arcuate  fibres, 
which  join  the  restiform  body  and  thus  pass  to  the  cerebellum.  It  has  also  been  suggested 
that  these  two  nuclei  are  connected  with  the  cerebellum  of  the  same  side.] 

Functions  of  the  Bulb. — The  medulla  oblongata,  which  connects 
the  ^inal  cord  with  the  brain,  has  many  points  of  resemblance  with  the 
former.  [Like  the  cord,  it  is  concerned  (i)  in  the  conduction  of  im- 
pulses.] (2)  In  it,  numeroQs  reflex  centres  are  present,  e.g^y  for  simple 
reflexes  similar  to  the  nerve-centres  in  the  spinal  cord,  e.g.,  closure  of  the 
eyelids,  [so  that  they  subserve  the  transference  of  the  afferent  into  efferent 
impulses].  There  are  other  centres  which  seem  to  dominate  or  control  sxmi- 
lar  centres  placed  in  the  cord,  e.g.^  the  great  vaso-motor  centre,  the  sweat- 
secreting,  pupil-dilating  centres,  and  the  centre  for  combining  the  reflex  move- 
ments of  the  body.  Some  of  the  centres  are  capable  of  being  excited  re- 
flexly  (§  358,  2).  (3)  It  is  also  said  to  contain  automatic  centres  (§  358,  3). 
The  normal  functions  of  the  centres  depend  upon  the  exchanges  of  blood- 
gases,  effected  by  the  circulation  of  the  blood  through  the  medulla.  If  this 
gaseous  exchange  be  interrupted  or  interfered  with,  as  by  asphyxia,  sudden 
anaemia,  or  venous  congestion,  these  centres  are  first  excited,  and  exhibit 
a  condition  of  increased  excitability,  and  at  last,  if  they  are  over-stimulated, 
they  are  paralyzed.  An  excessive  temperature  also  acts  as  a  stimulus. 
All  the  centres,  however,  are  not  active  at  the  same  time,  and  they  do  not 
all  exhibit  the  same  degree  of  excitability.  Normally  the  respiratory  centre 
and  the  vaso-motor  centre  are  continually  in  a  state  of  rhythmical  activity. 
In  some  animals,  the  inhibitory  centre  of  the  heart  remains  continually  non- 
excited;  in  others  it  is  stimiilated  very  slightly  under  normal  conditions 
simultaneously  with  the  stimulation  of  the  respiratory  centre,  and  only  during 
inspiration.  The  spasm  centre  is  not  stimulated  under  normal  conditions; 
and  during  intra-uterine  life  the  respiratory  centre  remains  quiescent.  The 
medulla  oblongata,  therefore,  contains  a  collocation  of  nerve-centres  which 
are  essential  for  the  maintenance  of  life,  as  well  as  various  conducting  paths  of 
the  utmost  importance.  We  shall  treat  of  the  reflex,  and  afterwards  of  the 
automatic  centres. 

367.  REFLEX  CENTRES  OF  THE  MEDULLA  OBLON- 
GATA.— The  medulla  oblongata  contains  a  number  of  reflex  centres,  which 
minister  to  the  discharge  of  a  large  number  of  co-ordinated  movements. 

I.  Centre  for  Closure  of  the  Eyelids. — The  sensory  branches  of  the  5th 
cxanial  nerve  to  the  cornea,  conjunctiva,  and  the  skin  in  the  region  of  the  eye, 
are  the  afierent  nerves.  They  conduct  impulses  to  the  medulla  oblongata, 
inrhere  they  are  transferred  to,  and  excite  part  of,  the  centre  of  the  facial  nerve, 
inrhence,  through  branches  of  the  facial,  the  efierent  impulses  are  conveyed  to 
the  orbicularis  palpebrarum.  The  centre  extends  from  about  the  middle  of  the 
aia  cinerea  upwards  to  the  posterior  margin  of  the  pons  {Nickell^, 

The  reflex  closure  of  the  eyelids  always  occurs  on  both  sides,  but  closure  may  be  produced 
voluntarily  on  one  side  (winking).  When  the  stimulation  is  strong,  the  corrugator  and  other 
«oups  of  muscles  which  raise  the  cheek  and  nose  towards  the  eye  may  also  contract,  and  so 
Porm  a  more  perfect  protection  and  closure  of  the  eye.  Intense  stimulation  of  the  retina  causes 
cloture  of  the  ejrelidis  [ftud  in  thb  case  the  shortest  reflex  known,  the  latent  period,  is  0.05 
"  (Waller)'], 


2.  Sneezing  Centre. — The   afferent    channels  are  the  internal  nasal 
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branches  of  the  trigeminus  and  the  olfactory,  the  latter  in  the  case  of  intense 
odors.  The  efferent  or  motor  paths  lie  in  the  nerves  for  the  muscles  of 
expiration  (§§  120,  3,  and  347,  II).  Sneezing  cannot  be  performed  volun- 
tarily, [but  it  may  be  inhibited  by  compressing  the  nasal  nerve  at  its  exit  (m 
the  nose]. 

3.  Coughing  Centre. — According  to  Kohts,  it  is  placed  a  little  above  the 
inspiratory  centre ;  the  afferent  paths  are  the  sensory  branches  of  the  vagus 
(§  35 2'  5)  ^)-  '^^^  efferent  paths  lie  in  the  nerves  of  expiration  and  those 
that  close  the  glottis  (§  120,  i). 

4.  Centre  for  Sucking  and  Mastication.— The  afiferent  paths  lie  in 
the  sensory  branches  of  the  nerves  of  the  mouth  and  lips  (2d  and  3d  branch^ 
of  the  trigeminus  and  glosso-pharyngeal).  The  efferent  nerves  for  sucking  m 
(§  152)  :  Facial  for  the  lips,  hypoglossal  for  the  tongue,  the  inferior  maxilbir 
division  of  the  trigeminus  for  the  muscles  which  elevate  and  depress  the  jaw. 
For  the  movements  of  mastication,  the  same  nerves  are  in  action  (§  153);  bat 
when  food  passes  within  the  dental  arch,  the  hypoglossal  is  concerned  in  the 
movements  of  the  tongue,  and  the  facial  for  the  buccinator. 

Centre  for  the  secretion  of  saliva  (p.  256)  lies  in  the  floor  of  the  4th 
ventricle.  Stimulation  of  the  medulla  oblongata  causes  a  profuse  secretion  of 
saliva  when  the  chorda  tympani  and  glosso-pharyngeal  nerves  are  intact,  a  mw:i 
feebler  secretion  when  the  nerves  are  divided,  and  no  secretion  at  all  when  the 
cervical  sympathetic  is  extirpated  at  the  same  time  {GrUiztur), 

6.  Swallowing  centre  lies  in  the  floor  of  the  4th  ventricle  (§  156).— The 
afferent  paths  lie  in  the  sensory  branches  of  the  nerves  of  the  mouth,  pakte, 
and  pharynx  (2d  and  3d  branches  of  the  trigeminus,  glosso-pharyngeal,  and 
vagus) ;  the  efferent  channels,  in  the  motor  branches  of  the  pharyngeal  pkie 
(§  ZS^>  4)*  Stimulation  of  the  glosso-pharyngeal  nerve  does  not  cause  dcgiati- 
tion;  on  the  contrary,  this  act  is  inhibited  (p.  278).  Hence  every  act  &! 
deglutition  excited  by  stimulation  of  the  palatal  nerves  or  of  the  saperior 
laryngeal  nerve  is  followed  by  a  feeble  abortive  contraction  of  the  diaphragis 
(^Marckwald), 

According  to  Steiner,  every  time  we  swallow  there  is  a  slight  stimulation  of  the  ftspatsr 
centre,  resulting  in  a  conuraction  of  the  diaphragm.  [Kronecker  has  shown  thatifagiass 
water  be  sipped  slowly,  the  action  of  the  cardio-inhibitory  centre  b  interfered  with  reBeilj, » 
that  the  heart  beats  much  more  rapidly,  whereby  the  circulation  is  accelerated,  hence  probibh 
the  reason  why  sipping  an  alcoholic  drink  intoxicates  more  rapidly  than  when  it  is  qiict^ 
swallowed  (p.  278).] 

7.  Vomiting  Centre  (§  158). — The  relation  of  certain  branches  of  tbc 
vagus  to  this  act  are  given  at  §  352,  2,  and  12,  d, 

8.  The  upper  centre  for  the  dilator  pupillae  muscle,  the  smooth  ohs- 
clesof  the  orbit,  and  the  eyelids  lies  in  the  medulla  oblongata.  The  fibres  pes 
out  partly  in  the  trigeminus  (§  347,  I,  3),  partly  in  the  lateral  columns  of  tbi 
spinal  cord  as  far  down  as  the  cilio-spinal  region,  and  proceed  by  the  tm 
lowest  cervical  and  the  two  upper  dorsal  nerves  into  the  cervical  sympath^K 
(§  356>  A,  i).  The  centre  is  normally  excited  reflexly  by  shading  the  retisi 
/.  e.y  by  diminishing  the  amount  of  light  admitted  into  the  eye.  It  k  directi? 
excited  by  the  circulation  of  dyspnceic  blood  in  the  medulla.  (The  coitrc  fc 
contracting  the  pupil  is  referred  to  at  §§  345  and  392.) 

The  centre  may  be  excited  reflexly  by  stimulation  of  a  sensory  nerve,  /.^.,  the  sciatic  Tbes' 
afferent  fibres  pass  upwards  through  both  lateral  columns  to  their  centre  QCowaleasiy), 

9.  There  is  a  subordinate  centre  in  the  medulla  oblongata,  which  seems  to  l< 
concerned  in  bringing  the  various  reflex  centres  of  the  cord  into  relation  wid- 
each  other.  Owsjannikow  found  that,  on  dividing  the  medulla  6  mm.  abort 
the  calamus  scriptorius  (rabbit),  the  general  reflex  movements  of  the  body  stil 
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occurred,  and  the  anterior  and  posterior  extremities  participated  in  such  general 
movements.  If,  however,  the  section  was  made  i  mm.  nearer  the  calamus, 
only  local  partial  reflex  actions  occurred  (§  360,  III,  4)  [thus,  on  stimulating 
the  hind-leg,  the  fore-legs  did  not  react — the  transference  of  the  reflex  was 
interfered  with].  The  centre  reaches  upwards  to  slightly  above  the  lowest 
third  of  the  oblongata. 

The  medulla  in  the  frog  also  contains  the  general  centre  for  movements  from 
place  to  place.  Section  of  this  region  abolishes  the  power  to  move  from  place 
to  place ;  when  external  stimuli  are  applied,  there  remains  only  simple  reflex 
movements  {SUiner).  No  reflex  movements,  such  as  springing,  creeping,  or 
swimming,  involving  a  change  of  place,  result. 

Pathological.~The  medulla  oblongata  is  sometimes  the  seat  of  a  typical  disease,  known  as 
bulbar  paralysis,  or  glosso-pharjmgo-labial  paralysis  {Duckennif  1800),  in  which  there  is  a 
progressive  invasion  of  the  different  nerve-nuclei  (centres)  of  the  cranial  nerves  which  arise 
within  the  medulla,  these  centres  being  the  motor  portions  of  an  important  reflex  apparatus. 
Usually,  the  disease  begins  with  paralysis  of  the  tongut,  accompanied  by  fibrillar  contractions, 
whereby  speech,  formation  of  the  food  into  a  bolus,  and  swallowing  are  interfered  with  (J  354). 
The  secretion  of  thick,  viscid  saliva  points  to  the  impossibility  of  secreting  a  thin  watery  facial 
saliva  (}  145,  A),  owing  to  paralysis  of  this  nerve-nucleus.  Swallowing  may  be  impossible, 
owing  to  paralysis  of  the  pharynx  and  palate.  This  interferes  with  the  formation  of  consonants 
[especially  the  Unguals,  /,  /,  s,  r,  and,  by  and  by,  the  labial  explosives,  ^,/  ]  (2  318,  C) ;  the 
speech  becomes  nasal,  while  fluids  and  solid  food  often  pass  into  the  nose.  Then  follows 
paralysis  of  the  branches  of  the  facial  to  the  lips,  and  there  is  a  characteristic  expression  of  the 
mouth  "  as  if  it  were  firozen.''  All  the  muscles  of  the  face  may  be  paralyzed  ;  sometimes  the 
lafyng^eal  muscles  are  paralyzed,  leading  to  loss  of  voice  and  the  entrance  of  food  into  the  wind- 
pipe. The  heari'beais  are  often  retarded,  pointing  to  stimulation  of  the  cardio  inhibitory  fibres 
(arising  from  the  accessorius).  Attacks  of  dyspncea^  like  those  following  paralysis  of  the  recur- 
rent nerves  ({  313,  II,  I,  and  J  352,  5,  bV  and  death  may  occur.  Paralysis  of  the  muscles  of 
mastication,  contraction  of  the  pupil,  and  paralysis  of  the  abducens  are  rare.  [This  disease  is 
always  bilateral,  and  it  is  important  to  noteHhat  it  affects  the  nuclei  of  those  muscles  that  guard 
the  orifices  of  the  mouth,  including  the  tongue,  the  posterior  nares,  including  the  soft  palate,  and 
the  rima  glottidis  with  the  vocal  cords.] 

368.  RESPIRATORY  MOVEMENTS  AND  CENTRE.— In- 
necvation  of  the  Respiratory  Organs. — [A  respiratory  act  requires  the 
nicely  co-ordinated  action  of  many  voluntary  muscles  under  the  influence  of  a 
nerve-centre.  Normally  the  act  of  respiration  is  involuntary,  although  the 
muscles  which  execute  the  act  are  voluntary,  and  may  be  influenced  by  a  direct 
act  of  the  will.  Respiration  goes  on  even  when  we  are  asleep  and  unconscious, 
and  it  may  still  be  carried  on  if  all  the  parts  of  the  brain  above  a  certain  part 
of  the  medulla  oblongata  be  removed.  The  co-ordinated  impulses  proceed 
from  the  respiratory  centre  in  the  medulla  oblongata  vid  the  nerves  which  sup- 
ply the  muscles  of  respiration  and  the  movements  which  are  associated  with  the 
thoracic  respiratory  movements,  e.g,^  those  of  the  face,  nose,  and  larynx.] 

[Section  of  the  cord  below  the  level  of  the  fifth  cervical  nerve,  i,e,,  below 
the  origin  of  the  roots  of  the  phrenic  nerves,  causes  arrest  of  the  costal  respira- 
tion, although  the  movements  of  the  diaphragm  continue.  Section  of  the  cord 
just  below  the  medulla  oblongata  or  bulb  causes  arrest  not  only  of  the  costal 
movements,  but  also  of  those  of  the  diaphragm,  because  the  section  is  above 
the  level  of  origin  of  the  roots  of  the  phrenic  nerves.  The  respiratory  move- 
ments, however,  in  the  face — the  muscles  supplied  by  the  seventh  nerve — and 
those  of  the  larynx  (supplied  by  the  vagus)  still  continue.  Section  of  one 
phrenic  nerve  paralyzes  the  diaphragm  on  that  side,  and  section  of  both 
phrenics  paralyzes  both  sides  of  the  diaphragm.] 

The  respu'atory  centre  lies  in  the  medulla  oblongata  or  bulb  {Legal- 
lots,  181 1),  behind  the  superficial  origin  of  the  vagi,  on  both  sides  of  the  pos- 
terior aspect  of  the  apex  of  the  calamus  scriptorius,  between  the  nuclei  of  the 


838  RESPIRATORY  CENTRE,  [Scc.  368. 

vagus  and  accessorius,  and  was  named  by  Flourens  the  vital  point,  or  noend 
vital.  The  centre  is  double,  one  for  each  side*  and  it  may  be  septnted  bj 
means  of  a  longitudinal  iacision  (Zat^ei,  1847),  whereby  the  respiialory 
movements  continue  symmetrically  on  both  sides.  Section  of  vagi.^If  one 
vagus  be  divided,  respiration  on  the  same  side  is  shwed.  If  bctk  vagi  be 
divided,  the  respirations  become  much  slower  and  deeper^  but  the  lespbitory 
movements  are  symmetrical  on  both  sides  (fig.  575).  [The  fact  that  section  of 
the  vagi  modifies  the  respiratory  movements  shows  that  impulses  most  be  con- 
tinually  passing  upwards  in  the  vagi — from  the  lungs — to  modify  the  activitr 
of  the  respiratory  centre,  and  that  these  impulses  influenced  the  rate  and  depth 
of  the  respiratory  discharges].  Stimulation  of  the  central  end  of  one  vagoi, 
both  being  divided,  causes  an  arrest  of  the  respiration  ohly  on  the  same  »k, 
the  other  side  continues  to  breathe.  The  same  result  is  obtained  by  stimolatioo 
of  the  trigeminus  on  one  side  {Langendorff),  When  the  centre  is  divided 
transversely  on  one  side,  the  respiratory  movements  on  the  same  side  cckc 
(Scliiff).  Most  probably  the  dominating  respiratory  centre  lies  in  the  dm- 
dulla  oblongata,  and  upon  it  depend  the  rhythm  and  symmetry  of  the  respiratory 
movements;  but,  in  addition,  other  and  subordinate  centres  are  (jacedm 
the  spinal  cord,  and  these  are  governed  by  the  oblongata  centre.  If  the  spisal 
cord  be  divided  in  newly-born  animals  (dog,  cat)  below  the  medulla  obloogati, 
respiratory  movements  of  the  thorax  are  sometimes  observed  (^Brachet^  1^35)- 

[If  the  cord  be  divided  below  the  medalla,  or  the  crmnial  arteries  ligatured  (rabbit),  there  wm 
still  be  respiratory  movements,  which  become  more  distinct  if  strjrcbnin  be  ptctiouriy  adsB- 
ifltered,  so  that  Langendorff  assmnes  the  existence  of  a  spinal  respiratory  centre,  wiudi  be 
finds  is  also  influenced  by  reflex  stimulation  of  sensory  nerves.] 

Nitschmann,  by  means  of  a  vertical  incision  into  the  cervioU  cord,  divided  the  spioal  ccBtK 
into  two  equal  halves,  each  of  which  acted  on  both  sides  of  the  diaphragm  aAer  the  wb^£± 
was  divided  ipst  below  the  calamus  scriptorius.  The  spinal  centres  must,  therefore,  be  oooaecie^ 
with  each  other  in  the  cord.  The  spinal  respiratory  centre  can  be  excited  or  iDhib&ed  itiotf 
(  Wertheimer). 

Anatomical. — Schiff  locates  the  respiratory  centre  near  the  lateral  margins  of  the  gns 
matter  in  the  floor  of  the  4th  ventricle,  but  not  reaching  so  hx  backwards  as  the  ala  d 
According  to  Gierke,  Heidenhain,  and  Langendorff,  those  paru  of  tiie  medulla  oblongata 
destruction  causes  cessation  of  the  respiratory  movements  are  single  or  double  strands  of  n 
matter,  containing  gray  nervous  substance  with  small  ganglion  cells,  and  running  downwanb  h 
the  substance  of  the  medulla  oblongata.  These  strands  are  said  to  arise  partly  from  the  roots  d 
the  vagus,  trigeminus,  spinal  accessory,  and  glosso-pharyngeal  (Meynerf\^  forming  cooaecwf 
by  means  of  nbres  with  the  other  side,  and  descending  as  far  downwards  as  the  cervical  eofaE(^ 
ment  of  the  spinal  cord  (  Goll\  According  to  this  view,  this  strand  represents  an  imUf  untn* 
band  connecting  the  spinal  cord  (the  place  of  origin  of  the  motor  respifstory  nerves)  «itk  tk 
nuclei  of  the  above  named  cranial  nerves. 

Cerebral  Inspiratory  Centre. — According  to  Christiani,  there  is  a  ctrt- 
bral  inspiratory  centre  in  the  optic  thalamus  in  the  floor  of  the  3d  vcntride, 
which  is  stimulated  through  the  optic  and  auditory  nerves,  the  cerebmm  and 
corpora  striata  having  been  previously  removed ;  when  it  is  stimulated  directlj. 
it  deepens  and  accelerates  the  inspiratory  movements,  and  may  even  came  1 
standstill  of  the  respiration  in  the  inspiratory  phase.  This  inspiratory  ceocic 
may  be  extirpated.  After  this  operation,  an  expiratofy  centre  is  active  ia  the 
substance  of  the  anterior  pair  of  the  corpora  quadrigemina,  not  far  from  tk 
aqueduct  of  Sylvius.  Martin  and  Booker  describe  a  second  cerebral  ims/irs' 
tory  centre  in  the  posterior  pair  of  the  corpora  quadrigemina.  These  thice 
centres  are  connected  with  the  centres  in  the  medulla  oblongata. 

According  to  Marckwald,  not  only  the  posterior  corpora  quadrigemina,  bat  also  the  nmf] 
nucleus  of  the  trigeminus,  is  concerned  in  maintaining  tne  regular  respiratory  rhythm.  Ia  tiic 
brain  also  there  are  said  to  exist  subordinate  **  cerebral  respiratory  centres.**  On  iatok  m 
stimulating  the  tissue  between  the  corpus  striatum  and  optic  thalamus  that  the  wadas  ^ 
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respirations  was  greatly  increased.    If  this  *' centre"  be  destroyed,  a  dyspnoeic  respiratory 
acceleration  caused  by  heat  (heat  dyspnoea)  ceases. 

The  respiratory  centre  consists  of  two 
centres,  which  are  in  a  state  of  activity 
alternately — ^an  inspiratory  and  an  expira* 
tory  centre  (fig.  574),  each  one  forming 
the  motor  central  point  for  the  acts  of  inspi- 
ration and  expiration  (§  112).  The  centre 
is  automatic,  for,  after  section  of  all  the 
sensory  nerves  which  can  act  reflexly  upon 
the  centre,  it  still  retains  its  activity.  The 
degree  of  excitability  and  the  stimulation  of 
the  centre  depend  upon  the  state  of  the 
bloody  and  chiefly  upon  the  amount  of  the 
blood-gases,  the  O  and  CO,  {J,  Rosenthaf), 
According  to  the  condition  of  the  centre, 
there  are  several  well-recogniied  respiratory 
conditions : — 

I.  Apncea. — Complete  cessation  of  the 
respiration  constitutes  apnma^  i,  ^.,  cessation 
of  the  respiratory  movements,  owing  to  the 
absence  of  the  proper  stimulus,  due  to  the 
blood  being  saturated  with  O  and  poor  in 
CO3.  Such  blood  saturated  with  O  fails  to 
stimulate  the  centre,  and  hence  the  respira- 
tory muscles  are  quiescent.  This  seems  to 
be  the  condition  in  the  foetus  during  intra- 
uterine life.  If  air  be  vigorously  and  rapidly 
forced  into  the  lungs  of  an  animal  by  arti- 
ficial respiration,  the  animal  will  cease  to 
breathe  for  a  time,  after  cessation  of  the 
artificial  respiration  {Hook^  1667),  the  blood 
being  so  arterialized  that  it  no  longer 
stimulates  the  respiratory  centre.  If  a  per- 
son takes  a  series  of  rapid,  deep  respirations 
his  blood  becomes  surcharged  with  oxygen, 
and  long  ''  apnceic  pauses"  occur. 

ApnoDic  Blood. — A.  Ewald  found  that  the  arterial  blood  of  apnoeic  animals  was  completely 
saturated  with  O,  while  the  CO.  was  diminished ;  the  venous  blood  contained  less  O  than  normal 
— this  latter  condition  being  due  to  the  apnoeic  blood  causing  a  considerable  fiill  of  the  blood- 
pressure  and  consequent  slowing  of  the  blood-stream,  so  that  the  O  can  be  more  completely 
taken  from  the  blood  in  the  capillaries  (P/liigir).  The  amount  of  O  used  in  apnoea  on  the  whole 
is  not  increased  (2  127).  Gad  remarks  that  during  forced  artificial  respiration^  the  pulmonary 
alveoli  contain  a  very  large  amount  of  atmospheric  air ;  hence,  they  are  able  to  arterialize  the 
blood  for  a  longer  time,  thus  diminishing  the  necessity  for  respiration.  According  to  Gad  and 
ICooll,  the  excitability  of  the  respiratory  centre  is  reduced  during  apnoea,  and  this  is  caused 
reflexly  during  artificial  respiration  \rj  the  distention  of  the  lungs  stimulating  the  branches  of 
the  vagus.     In  quite  young  animals  apnoea  cannot  be  produced  {R&nge), 

[Drugs. — If  the  excitability  of  the  respiratory  centre  be  diminished  by  chloral,  apnoea  is 
readily  induced,  while,  if  the  centre  be  excited,  as  by  apomorphine,  it  is  difficult  to  produce  it.] 

[The  state  of  rest  of  the  respiratory  movements^  called  apncea,  and  brought 
about  by  rapidly  increased  respirations,  was  formerly  thought  to  be  due  to 
increased  oxygenation  of  the  blood.  There  is,  however,  room  for  doubt  as  to 
this  being  the  true  explanation.  In  sphe  of  the  statement  of  Ewald,  other 
observers  are  not  agreed  that  the  blood  actually  does  become  hyperoxygenated. 


Fig.  574. 

Scheme  of  the  chief  respiratory  nerves. 
INS,  inspiratory,  and  EXP,  expiratory 
centre — motor  nerves  are  in  smooth  lines. 
Expiratory  motor  nerves  to  abdominal 
muscles,  ab  ;  to  muscles  of  back,  do. 
Inspiratory  motor  nerves.  PH,  phrenic 
to  diaphragm,  D;  INT,  intcrcosUl 
nerves;  rl,  recurrent  laryngeal;  ex, 
pulmonary  fibres  of  vagus  that  excite, 
mspniUory  centre ;  ex-',  pulmonary  fibres 
that  excite  expiratory  centre;  ex'', 
fibres  of  sup.  laryngeal  that  excite  ez- 

f>iratory  centre;    INH,  fibres    of   sup. 
aryngeal    that  inhibit  the  inspiratory 
centre. 
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Moreover,  it  is  very  difficult  to  cause  apnoea  after  section  of  both  vagi.  Now 
section  of  the  vagi  can  have  no  effect  on  the  aeration  of  the  blood  during  rapid 
artificial  respiration,  but  under  these  circumstances  the  afferent  impressions 
from  the  lungs  to  the  respiratory  centre  are  cut  off.  The  more  recent  theory 
suggests  that  apnoea  is  due  to  the  rapid  respirations  exciting  the  terminations  of 
the  inhibitory  respiratory  fibres  in  the  lungs,  and  thus  presenting  a  respiratonr 
discharge  from  the  respiratory  centre  in  the  medulla  oblongata.  It  has  been 
found  that  artificial  respiration  of  pure  hydrogen  in  intact  animals  will  catse 
apnoea.  This  seems  to  support  the  view  that  ordinary  apnoea  is  in  some  wij 
intimately  related  in  its  cause  to  the  inhibitory  impulses  generated  by  rapid 
inflation  of  the  lungs.} 

[Deglutition  Apncea. — Kronecker  has  shown  that  if  a  person  sbvlj 
swallows  a  gla^  of  water,  that  the  mere  act  of  swallowing  arrests  the  activity  of 
the  respiratory  centre,  and  brings  about  a  condition  of  apnoea,  and  this  eftc 
when  the  nostrils  are  closed,  and  no  air  is  admitted  to  the  lungs.  This  is  an 
additional  proof  that  the  production  of  apnoea  has  more  to  do  with  the  gene- 
ration of  inhibitory  impulses  than  with  hyperoxygenation  of  the  blood.] 

2.  Eupncea. — The  normal  stimulation  of  the  respiratory  centre,  eupfuta,  b 
caused  by  the  blood,  in  which  the  amount  of  O  and  CO,  does  not  exceed  tbe 
normal  limits  (§§  35  and  36). 

3.  Dyspncea. — ^All  conditions  which  diminish  the  O  and  increase  the  CX), 
in  the  blood  circulating  through  the  medulla  and  respiratory  centre  cause  ac- 
celerating and  deepening  of  the  respirations,  which  may  ultimately  pass  into 
vigorous  and  labored  activity  of  all  the  respiratory  muscles,  coostitDtifif 
dyspnasa,  when  the  difficulty  of  breathing  is  very  great  (§  134).  [Changes  in 
the  rhythm,  §  11 1.] 

During  normal  respiration,  and  with  the  commencement  of  the  need  for  more  air,  aufifiue 
to  Gad,  the  gases  of  the  blood  excite  only  the  inspiratory  centre ;  while  the  expiratioo  foOon 
owing  to  reflex  stimulation  of  the  pulmonary  vagus  by  the  distention  of  tbe  longs  (p.  847).  He 
is  also  of  opinion  that  the  normal  respiratory  movements  are  excited  by  the  CO^ 

(^Muscular  work,  as  is  well  known,  increases  the  respirations  and  may  even  caiiae  djspKn. 
Thu  is  not  due  to  the  nervous  connection  of  the  muscles  or  other  organs  with  the  respncofy 
centre,  but  to  changes  in  the  blood.  Geppert  and  Zuntz  have  shown,  however,  that  the  rank 
cannot  be  explained  by  changes  in  the  blood  caused  either  by  diminution  of  O  or  increoe  of 
CO,.  It  seems  to  be  due  to  the  blood  taking  up  some  as  yet  unknown  products  firom  tbe  ooe- 
tracting  muscle,  and  carrying  them  to  the  respiratory  centre,  which  b  directly  exdled  by  Aea. 
The  nature  of  these  substances  is  unknown.  It  has  been  shown  that  the  alkalinity  of  the  blood 
is  reduced  by  the  formation  of  an  add.  The  substances,  whatever  they  may  be,  are  doc  excre^d 
by  the  urine,  and  are,  therefore,  periiaps  readily  oxidized  (Loewy).  C.  Lehmann  has  pioved 
that,  in  rabbits,  the  acidification  of  the  blood  produced  by  muscular  exertion  {days  an  in^nftss 
part  in  the  stimulation  of  the  respiratory  centre.] 

4.  Asphyxia. — If  blood,  abnormal  as  regards  the  amount  and  quality  of 
its  gases,  continue  to  circulate  in  the  medulla,  or  if  the  condition  of  the  blood 
become  still  more  abnormal,  the  respiratory  centre  is  over-stimulatedj  and  ulti- 
mately  exhausted.  The  respirations  are  diminished  both  in  number  and  depth, 
and  they  become  feeble  and  gasping  in  character ;  ultimately  the  movements 
of  the  respiratory  muscles  cease,  and  the  heart  itself  soon  ceases  to  beat.  This 
constitutes  the  condition  of  asphyxia^  and  if  it  be  continued,  death  from  safib- 
cation  takes  place.  (Langendorff  asserts  that  in  asphyxiated  frogs  the  rouscks 
and  gray  nervous  substance  have  an  acid  reaction.)  If  the  conditions  causing 
the  abnormal  condition  of  the  blood  be  removed,  the  asphyxia  may  be  pce> 
vented  under  favorable  circumstances,  especially  by  using  artificial  respira- 
tion (§  134)  ;  the  respiratory  muscles  begin  to  act  and  the  heart  begms  to 
beat,  so  that  the  normal  eupnoeic  stage  is  reached  through  tbe  condition  of 
dyspnoea.     If  the  venous  condition  of  the  blood  be  produced  slowly  and  verr 


Sec.  368.]  ASPHYXIA.  841 

gradually,  asphyxia  may  occur  without  there  being  any  symptoms  of  dyspnoea, 
as  happens  when  death  takes  place  quietly  and  very  gradually  (§  324,  5). 

[Experiment  with  Crossed  Heads. — That  the  condition  of  the  blood  influences  the  respira- 
tory centre  in  the  medulla  oblongata  is  demonstrated  by  the  following  ingenious  experiment  ot 
Fredericq.  Two  large  rabbits,  A  and  B,  are  taken,  and  in  both  the  vertebral  arteries  are  liga- 
tured and  the  carotids  exposed.  Cannulse  are  introduced  into  the  carotids,  so  that  the  blood 
of  the  one  animal  flows  into  the  head  of  the  other.  The  carotids  of  the  rabbit  A  carry  their 
blood  into  the  head  of  rabbit  B,  and  the  head  of  B  similarly  receives  only  the  blood  coming 
from  the  body  of  A.  If,  at  a  given  moment,  A  respires  air  poor  in  oxygen,  or  if  its  trachea  be 
closed,  it  is  the  rabbit  6 — the  one  which  receives  the  asphyxiated  blood  of  A — which  shows 
signs  of  dyspnoea  or  asphyxial  convulsions,  whilst  A  remains  quiescent  and  undisturbed. 
There  is,  therefore,  an  intimate  relation  between  the  composition  of  the  blood  circulating  in  the 
head  and  the  activity  of  the  respiratory  movements.] 

Amongst  the  causes  of  Dyspnoea  are— (i)  Direct  limitation  of  the  activity  of  the  res- 
piratory organs ;  diminution  of  the  respiratory  surface  by  inflammation,  acute  oedema  ({  47), 
or  collapse  of  the  alveoli,  occlusion  of  the  capillaries  of  the  alveoli,  compression  of  the  lungs, 
entrance  of  air  into  the  pleura,  obstruction  or  compression  of  the  windpipe.  (2)  Obstruction 
to  the  entrance  of  the  normal  amount  of  air  by  strangulation,  or  enclosure  in  an  insufli- 
cient  space.  (3)  Enfeeblement  of  the  circulation,  so  that  the  medulla  oblongata  does  not 
receive  a  sufficient  amount  of  blood ;  in  degeneration  of  the  heart,  valvular  cardiac  disease ; 
and  artificially  by  ligature  of  the  carotid  and  vertebral  arteries  (JCussmaul  and  Tenner),  or  by 
preventing  the  free  efflux  of  venous  blood  from  the  skull,  or  by  the  injection  of  a  large  quantity 
of  air  or  indiflierent  particles  into  the  right  heart.  (4)  Direct  loss  of  blood,  which  acts  by 
arresting  the  exchange  of  gases  in  the  medulla  (y.  Rosenthal),  This  is  the  cause  of  the  **  biting 
or  snapping  at  the  air''  manifested  by  the  decapitated  heads  of  young  animals,  ^. ^.,  kittens. 
[The  phenomenon  is  well  marked  in  the  head  of  a  tortoise  separated  from  the  body  ( IV.  Stiriing).'] 

If  we  study  the  rapidly  fatal  effects  of  these  factors  on  the  respiratory  activity,  we  observe 
that  at  first  the  respiradons  become  quicker  and  deeper,  then  after  an  attack  of  general  convul- 
sions, ending  in  expiratory  spasm,  there  follows  a  stage  of  complete  cessation  of  respiration. 
Before  death  takes  place,  there  are  usually  a  few  "snapping"  or  gasping  efforts  at  inspiration 
(Hogyts,  Sigm,  Mayer — J  ill). 

Condition  of  the  Blood-Oases. — As  a  general  rule,  in  the  production  of  dyspnoea,  the 
want  of  O  and  the  excess  of  CO,  act  simultaneously  {PflUger  andDohmen),  but  each  of  these 
alone  may  act  as  an  efficient  cause.  According  to  Cfemstein,  blood  containing  a  small  amount 
of  O  acts  chiefly  upon  the  inspiratory  centre,  and  blood  rich  in  CO,  on  the  expiratory  centre. 

(1)  Dyspnosa  from  want  of  O  occurs  during  respiration  in  a  space  of  moderate  size  ({  133), 
in  spaces  where  the  tension  of  the  air  is  diminished,  and  by  breathing  indifferent  gases  or  those 
containing  no  free  O.  When  the  blood  is  freely  ventilated  with  N  or  H,  the  amount  of  CO, 
in  the  bl(KKi  may  even  be  diminished,  and  death  occurs  with  all  the  signs  of  asphyxia  (lyiUger) . 

(2)  Dyspnoea  from  the  blood  being  overcharged  with  CO,  occurs  by  breathing  air  con- 
taining much  CO,  (2  133^.  Air  containing  much  CO,  may  cause  dyspnoea,  even  when  the 
amoant  of  O  in  the  blood  is  greater  than  that  in  the  atmosphere  {^Thiry),  The  blood  may  even 
contain  more  O  than  normal  (ly&ig-er). 

Heat  DynpnoML, — An  increased  temperature  increases  the  activity  of  the  respiratory 
centre  ({  214,  II,  3).  This  occurs  when  blood  warmer  than  natural  flows  through  the  brain,  as 
Fick  and  Goldstein  observed  when  they  placed  the  exposed  carotids  in  warm  tubes,  so  as  to  heat 
the  blood  passing  through  them.  In  this  case  the  heated  blood  acts  directly  upon  the  brain,  the 
medulla  and  the  cerebri  respiratory  centres  ( Gad),  Direct  cooling  diminishes  the  excitability 
(Fredericq).  When  the  temperature  is  increased,  vigorous  artificial  respuration  does  not  produce 
apncea,  altnough  the  blood  is  highly  arterialized  {Ackermann),  Emetics  act  In  a  similar  manner 
(Hermann  and  Grimm). 

Blectrical  stimulation  of  the  medulla  oblongata,  af^er  it  is  separated  from  the  brain,  dis- 
charges respiratory  movements  or  increases  those  already  present  (JCronecker  and  Marckwald). 
Langendorn*  found  that  electrical,  mechanical,  or  chemicid  (salts)  stimulation  usually  caused  an 
expiratory  effect,  while  stimulation  of  the  cervical  spinal  cord  (subordinate  centre)  gave  an 
inspiratory  effect.  According  to  Laborde,  a  superficial  lesion  in  the  region  of  the  calamus 
scnptorins  causes  standstill  of  the  respiration  for  a  few  minutes.  If  the  peripheral  end  of  the 
vagus  be  stimulated,  so  as  to  arrest  the  acdon  of.  the  heart,  the  respirations  also  cease  after  a 
few  seconds.  Arrest  of  the  heart's  action  causes  a  temporary  anaemia  of  the  medulla,  in  conse- 
quence of  which  its  excitability  is  lowered,  so  that  the  respirations  cease  for  a  time  (Langendorff)  ^ 

Conditions  affecting  the  Respiratory  Centre. — This  centre,  besides 
being  capable  of  being  stimulated  directly,  may  be  influenced,  by  the  will, 
and  also  reflexly  by  stimulation  of  a  number  of  afferent  nerves. 
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I.  By  3  voluntary  impulse  we  may  arrest  the  respiratioD  for  ■  ihoit  tint, 
but  only  until  the  blood  becomes  so  venous  as  to  excite  the  centre  to  iooord 
action.  The  number  and  depth  of  the  respirations  may  be  volnnurily  in- 
creased for  a  long  time,  and  we  may  abo  voluntarily  change  the  rtiftbiof 
respiration. 

3.  The  respiratory  centre  may  be  influenced  reflexly  both  by  Gbtti  wkid 
excite  it  to  increased  action  and  by  others  which  inhibit  its  action.  (1)  Tk 
exciting  fibres  lie  in  the  pulmonary  branches  of  the  vagus,  in  the  optic,  audi- 
tory, and  cutaneous  nerves ;  normally  their  action  overcomes  the  u^d  o(  the 
inhibitory  fibres.     Thus,  a  cold  bath  deepens  the  respirations,  and  an»  1 


R«-  S7S- 
Effect  on  the  reipinilory  movaneiitt  of  scctioD  of  the  lecood  vagn 
respimiOEU  become  slower  and  deeper.    T  iDdicatet  tec 

(fig.  575).  The  effect  may  be  studied  by  recording  the 
with  a  stethograph,  or  by  means  of  a  sound  placed  in 
froze  the  vagi,  and  thus  set  aside  their  activity — thus  ai 
inseparable  from  the  act  of  dividing  them — and  observe 
almost  the  same  as  those  produced  -by  their  section.] 

After  section  of  both  vagi,  the  atnoutit  of  air  taken  in,  and  the  Cftp" 
off,  however,  are  unchanged,  but  the  inspiratory  efforts  are  more  vigorW  "j 
not  so  purposive  (ffflrf).  Weak  tetanizing  currents  applied  to  the  frtfr*'*'^ 
of  the  vagus  cause  acceleration  of  the  respirations,  while,  at  the  same  ^"'' '" 
efforts  of  the  respiratory  muscles  may  be  increased  (fig.  576),  or  dimimsbeo,* 
remain  unchanged  (Gad).  [They  may  be  increased  in  number aod owu- 
ished  in  extent  (ShVA'a^,  fig.  577).]  Strong  tetanizing  currents  appliedM" 
central  end  of  the  vagus  may  cause  standstill  of  the  respiration  in  the  IK^"* 
tory  phase(7Vfla^i)  \t.e.,  there  is  a  true  tetanus  of  the  diaphragm  (lig.  5 TilM 
especially  in  fatigue  of  the  nerves,  in  the  expiratory  phase  (fig.  S 78)-  ^ 
induction  shocks  have  no  effect  (j^arckwald  and  Kreneeker). 

[The  inspiratory  fibres,  which  reflexly  either  accelerate  the  respinnoBf 
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cause  tetanus  of  the  diaphragm  in  the  inspiratory  phase,  run  in  the  trunk  of  the 
vagus  in  the  neck,  and  come  irom  the  lungs.  These  fibres  are  nomially  in 
action  when  the  lusgs-are  strongly  diminished  id  vidumc,  e.g.,  at  the  end  of 
each  expiration,  so  that  the  contraction  of  the  lung  excites  the  next  inspiratory 
act.] 

[But  the  vi^  in  the  neck  also  contains  some  expiratory  fibres,  i.e.,  fibres 
whose  excitation  excites  reflexly  arrest  of  the  respiration  in  the  expiratory 
phase.     They  are  not  so  numerom  as  the  inspiratory  fibres.     Sometimes  one 


Fig.  576. 
Dfect  of  siimoUuing  tb«  centnl  end  ot  one  Tigm  (rabbh)  at  S,  with  wok  leturiziag  stimuli, 
both  vagi  b«iDg  divided.    The  number  of  respiralionB  is  iDCreued.     T  ^  Itme^  i.  r.,  seconds 

{Stirling). 

succeeds,  on  stimulating  the  central  end  of  the  vagus,  in  causing  reRexly  a  sus- 
pension of  the  contraction  of  the  diaphragm  and  ribs,  and  consequently  an  arrest 
in  the  expiratory  phase.     Chloral  diminishes  the  action  of  the  inspiratory  fibres, 


F'fi-  577- 

Effect  or  stimulating  the  central  end  of  one  vagus  (rabbit)  at  S,  both  vagi  being  divided, 

T  =  time,  i.  t.,  seconds  {Slirliug). 

and  allows  the  expiratory  to  manifest  their  action  (^Fredericq).  In  a  rabbit  poi- 
soned with  a  large  dose  of  chloral  stimulation  of  the  central  end  of  the  vagus  is 
invariably  followed  by  an  arrest  in  expiration  (tig.  578).  These  fibres  are  excited 
every  time  the  lungs  are  distended,  either  by  a  normal  inspiration  or  by  in- 
sufflating the  lungs  artificially.] 
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[If  the  respiratory  movements  be  arrested  by  stimulation  of  the  central  end  of 
the  vagus — both  vagi  being  divided,  the  respirations,  however,  begin — at  6m 
small  and  feeble,  and  gradually  gain,  especially  in  frequency  (fig.  580),  and  to 
a  less  degree  in  force,  in  spite  of  continuation  of  the  stimulation  (^Sti'riiiig}] 


[Marckwnld,  while  adiiiUdiig  that  the  respiTototy  centre  ii  autonialially  active,  n  wdl  u 
capable  of  being  >frected  tefle xl  jr.  comet  (o  (he  coDclnsion,  thkt,  whea  the  centre  it  Kjamri 
fton  til  nerve,  channeb  by  which  affetcDt  impuliei  can  l>e  conveyed  10  it,  it  is  incapable  of  dQ- 


Fig-  579- 
Effect  of  Mimulating  Ihe  cenlial  end  of  the  vagua  (rabl^l).     The  reapintory  movenieniitK 
arrested  in  the  iupiralory  phase.    Stimalatioii  began  at  D  and  ended  at  C     E.expindon: 
I,  iiupiration. 

charging  rhythmical  requratoiy  movements.  He  alM  asseitt  that  the  nonnal  rfaythmical  rci(4- 
ratioD  is  a  reflex  act  discharged  chiefly  through  the  vagi,  and  that  the  Donoal  eidtanl  of  On 
respiratory  centre  if  not  dependent  on  the  condition  of  the  blood,  eillier  on  the  dimioatioa  oi 


O,  or  the  increase  of  CO,.  These  results  are  opposed  to  the  umally  accepted  view,  and  ihcf  iR 
controverted  bjr  Loewy.  Division  of  the  medulla  oblongata  above  the  rcspiimltxy  centre,  n  ■) 
to  cut  off  all  cerebral  channel!  of  commnnicalion,  has  very  little  effect  oti  the  lenniatioa.  It.  ite 
this,  one  or  t>oth  vagi  be  divided  there  ii — (1)  an  exlraorditi'iry  s/momg  of  the  rttpaoia; 
the  number  of  respirations  may  fall  in  the  ritibit  from  30  to  3  or  4  per  minute  ;  (3)  the  riijtbB 
is  changed,  in  some  cases  the  inspiration  may  be  twice  or  thrice  as  long  m  the  expitatkia.  bo. 
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whatever  the  ratio  of  inspiration  to  expiration,  the  respiration  is  rhythmical ;  (3)  the  volume 
of  air  respired  is  diminished  (p.  842),  but  the  volume  for  each  respiration  is  deeper ;  (4)  the  intra- 
thoracic pressure  is  increased  during  inspiration,  and  during  expiration  it  is  the  same  as  before 
the  vagotomy.] 


■ 

Before  Vagotomy. 

! 

After  Vagotomy. 

Experiment. 

Intra-thoracic 
Pressure. 

Frequency. 

Volume  Resp. 
per  Min. 

Volume  Resp. 
per  Respir. 

Intra-thoracic 
Pressure. 

1 
1 

Frequency. 

Relation  of 
Exp.  Insp. 

Volume  Resp. 
per  Min. 

Diminution  of 
Vol.perMin. 

Volume  Resp. 
per  Respir. 

Increase  of 
Vol.  for  each 
Resp. 

mm.          ! 

c.cm. 

c.cm. 

I 

1 

ccm. 

i 

1 
Ik 

I 

— 30  to — 40   20 

310-350 

16 

J — 6oto  — 

.70 

4  J    'A 

130-140 

59 

33     ICO 

2 

1 

— 22  to — 24     32 

1 

530-540 

16 

—  50tO- 

-60 

4 

1 

IO5-I2O} 

79.5 

40     150 

[The  above  table  (from  Loewy)  shows  the  result.  Loewy  finds  that,  if  the  centre  be  sepa- 
rated from  all  centripetal  channeb,  it  still  discharges  respiratory  movements,  which  are  rhythmical, 
and  he  has  shown  that  these  rhjrthmical  discharges  are  due  to  the  condition  of  the  blood.] 

[If  one  lung  be  made  atelectatic,  i.  e.^  devoid  of  air,  e.g,^  by  plugging  its  bronchus  with  a 
sponge-tent,  then  the  pulmonary  fibres  of  the  vagus  from  this  lung  are  no  longer  excited  during 
respiration,  and  their  section  has  no  effect  on  the  respiration.  Section  of  the  vagus  on  the  sound 
side,  however,  has  the  same  consequence  as  double  vagotomy  {Loewy), 

Wedenskii  and  Heidenhain  find  that  a  temporary^  weaky  electrical  stimulus  applied  to  the 
central  end  of  the  vagus,  at  the  beginning  of  mspiration  (rabbit),  affects  the  depth  of  the  suc- 
ceeding inspirations,  while  a  similar  strong  stimulus  affects  also  the  depth  of  the  following  expira- 
tions. If  the  stimulus  be  applied  jtist  at  the  commencement  of  expiration,  stronger  stimuli 
being  required  in  this  case,  there  is  a  diminution  of  the  expiration  and  of  the  following  inpira- 
tion.  Continued  tetanic  stimulation  of  the  vagus  may  cause  decrease  in  the  depth  of  the  expira- 
tions, or  at  the  same  time  alteration  in  the  depth  of  the  inspirations,  without  affecting  the  respi- 
ratory rhythm ;  when  the  stimulation  is  stronger^  inspiration  and  expiration  are  diminished  with 
or  without  alteration  of  the  frequency,  and  with  the  strongest  stimuli,  respirations  cease  either  in 
the  inspuratory  or  expiratory  phase. 

(^)  The  inhibitory  nerves  which  affect  the  respiratory  centre  run  in  the 
superior  laryngeal  nerve  {Rosenthal) ^  and  also  in  the  inferior  laryngeal  nerve 
(^Pftuger  and  Burkart,  Hering^  Breuer),  to  the  respiratory  centre  (fig.  574 
ink).  [The  superior  laryngeal  nerve  is  remarkable  for  containing  a  large 
number  of  inhibitory  respiratory  nerves,  or  nerves  which  cause  arrest  of  the 
respiration  in  expiration,  or  even  fibres  causing  expiration.  One  knows  that  it 
is  the  sensory  nerve  of  the  larynx,  and  that  foreign  bodies  or  irritating  matter 
in  the  larynx  excites  coughing,  /.  e,,  forced  expiratory  acts,  reflexly.] 

According  to  Langendorff,  direct  electrical,  mechanical,  or  chemical  stimulation  of  the  centre 
may  arrest  respiration,  perhaps  in  consequence  of  the  stimulus  affecting  the  central  ends  of  these 
inliibitory  nerves  where  they  enter  ihe  ganglia  of  the  respiratory  centre.  During  the  reflex  inhi- 
bition of  the  respiration  in  the  expiratory  phase,  there  is  a  suppression  of  the  motor  impulse  in 
the  inspiratory  centre  ( tVegeie), 

Stimulation  of  the  superior  or  inferior  laryngeal  nerves  {b)  or  their  central 
ends  causes  slowing,  and  even  arrest  of  the  respiration  (in  expiration — Rosen- 
thaf).  Arrest  of  the  respiration  in  expiration  is  also  caused  by  stimulation  of 
the  nasal  {Hering  and  Kratschmer)  and  ophthalmic  branches  of  the  trigeminus 
(^Christiani)^  of  the  olfactory,  and  glosso-pharyngeal  {Marckwaid).  [Kratsch- 
mer found  that  tobacco-smoke  blown  into  a  rabbit's  nostrils,  or  puffed  through 
a  hole  in  the  trachea  into  the  nose,  by  stimulating  the  nasal  branch  of  the  fifth 
nerve,  arrested  the  respiration  in  the  expiratory  phase,  while  it  had  no  effect 
when  blown  into  the  lungs.  Ammonia  vapor  applied  to  the  nostrils  arrests  it 
in  the  same  way.  If  ammonia  vapor  be  blown  into  the  lungs  (the  nasal  cavity 
being  protected  from  its  action),  the  respiration  may  be  accelerated,  or  deepened. 
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or  arrested  occasionally  in  expiration,  i.  t.,  according  to  the  fibres  of  the  iigDS 
acted  on  by  the  vapor  in  the  lungs  (^Knoll).  A  stream  of  water  dropped  m  a 
rabbit's  nose  will  arrest  the  respirations  in  expiration  for  10-20  sees.,  and  in 
the  duck  the  same  means  will  arrest  the  respiration  for  10  minutes  {Frtdiriiq). 
These  reflex  arrests  of  respiration  obviously  play  a  protective  rdie  for  the  animjl.] 
Stimulation  of  the  pulmonary  branches  of  the  vagus  by  breathing  initating 
gases  {KnoW)  causes  standstill  in  expiration,  although  some  other  gases  cuse 
standstill  in  inspiration.  Chemical  stimulation  of  the  trunk  of  the  vagus, -% 
dilute  solutions  of  sodic  carbonate, — causes  expiratory  inhibition  of  the  it^i- 
ration  ;  and  mechanical  stimulation, — rubbing  with  a  glass  rod, — inspiraton 
inhibition  (^KnoU).  The  stimulation  of  sensory  cutaneous  nerves,  especially  of 
the  chest  and  abdomen  (as  occurs  on  taking  a  cold  douche),  and  sdmolatioD 
of  the  splanchnics,  cause  standstill  in  expiration,  the  firat  cause  often  giving  rist 
to  temporary  clonic  contractions  of  the  respiratory  muscles.  The  respintioiis 
are  often  slowed  to  a  very  great  extent  by  pressure  upon   the  brain  [vhethci 


Fig.  581. 
Efiect  on  respiration  of  nimaUlion  oF  central  cDd  oT  the  tditic  nerre  in  (he  r^ibit  (.9ir:%). 

the  pressure  be  due  to  a  depressed  fracture  or  effusion  into  the  ventricles  and  sob- 
arachnoid  space].     The  respiration  may  be  greatly  oppressed  and  stertorous. 

[All  sensory  nerves  may  act  reflexly  more  or  less  like  the  vagus  on  the  respi- 
ratory  movements.  Stimulation  of  the  central  end  of  the  sciatic  nerve  usmlj 
accelerates  the  respiration  (fig.  g8i),  more  rarely  reflex  expiratory  arrest.  Tit 
change  may  result  in  an  increased  number  of  respirations  as  well  as  increased 
depth. 

If  the  respiratory  movements  and  blood  pressure  be  recorded  simultaneousij, 
and  a  particular  strength  of  stimulus  applied  to  the  central  end  of  thesMK 
nerve  (rabbit),  the  blood- pressure  is  raised  (fig.  58a,  B.  P.),  and  the  respin- 
lions  may  be  increased  in  number  but  not  raised  in  depth  (fig.  58*).] 

The  amount  of  work  done  by  the  reiinratory  mosclea  is  altered  dunng  the  reSo  ilo«iiiE  ^ 
the  respiratoiy  musclei,the  work  being  increased  during  slowre^ralion.owii^tollMDw't''*'^ 
inspiraloTy  efforts  [Gad).  The  volume  of  the  gases  which  passes  throvgh  die  hiiiesdiiriu> 
given  time  remains  unchanged  ( Valentin),  and  Ihe  gaseous  exchai^es  are  not  alum  *  ""' 
(  Vait  and  Ji/mier\. 
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Automatic  Regulation  of  Respiration. — Under  normal  circumstances, 
it  would  seem  that  the  pulmonary  branches  of  the  vagus  act  upon  the  two  res- 
piratory centres,  so  as  to  set  in  action  what  has  been  tenned  the  self-adjusting 
mechanism  ;  thus,  the  inspiratory  dilatation  of  the  lungs  stimulates  mechanically 
the  fibres  which  refiexly  excite  the  expiratory  centres,  while  the  diminution  of 
the  lungs  during  expiration  excites  the  nerves  which  proceed  to  the  inspiratory 
centre  (Jlering  and  Breuer,  Head^.  [Thus  Wowing  into  the  lun^  excites  the 
act  of  expiration,  and  sucking  air  out  of  them  excites  inspiration.] 

Id  this  w>r  we  ma;  explain  Ihe  ilteniate  pl^  of  iniplntion  and  expiration.  Indeepnircoii*, 
howerer,  dilatation  of  the  thorax  inaDimali  is  followed  lint  by  cenatioo  of  the  reipiraloiy 
motementi,  and  then  bj  iupiratioii  (/*.  Cxf/manx). 

DiBcliarge  of  the  First  Respiration. — The  foetus  is  in  an  apnoeic  con- 
dition until  birth,  when  the  umbilical  cord  is  cut.  During  intrauterine  life,  O 
is  freely  supplied  to  it  by  the  activity  of  the  placenta.  All  conditions  which 
interfere  with  this  due  supply  of  O,  as  compression  of  the  umbilical  vessels  and 


prolonged  labor  pains,  cause  a  decrease  of  the  O  and  an  increase  of  the  CO,  in 
the  blood,  so  that  the  condition  of  the  foeUl  blood  is  so  altered  as  to  stimu- 
late the  respiratory  centre,  and  thus  the  impulse  is  given  for  the  discharge  of 
the  first  respiratory  movement  {Sckwarlz).  A  foetus  still  within  the  imopened 
fatal  membranes,  may  make  respiratory  movements  ( Vesaiius,  154a).  If  the 
exchange  of  gases  be  inEemipted  to  a  sufficient  extent,  dyspnoea  and  ultimately 
death  of  the  foetus  may  occur.  If,  however,  the  venous  condition  of  the 
mother's  blood  develops  very  slowly,  as  in  cases  of  quiet  slow  death  of  the 
mother,  the  medulla  oblongata  of  the  foetus  may  gradually  die  without  any  res- 
piratory movement  being  discharged  (§  334,  5). 

According  to  thia  view,  ihe  respirator?  raoveraenis  are  due  to  the  direct  action  of  the  dyspnceic 
blood  npoa  Ihe  meduita  oblongUa.  [The  excitability  of  Ihe  respirator?  centre  is  less  in  the 
foetns  than  in  Ihe  newly  bom,  and  it  increases  from  day  to  day  after  birth.  Amongtt  the  causes 
of  the  diminished  excitability  are  the  small  amount  of  O  in  foetal  blood,  and  the  slow  velocity 
of  the  circulation.  If  an  inspiration  is  discharged  in  the  Cztui,  it  is  at  once  arrested  by  fluid 
pasabig  into  ihe  noslnls  and  inhibiting  the  act  retleily.    The  chief  cause  of  the  Km  retpiration 
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after  birth  is  undoubtedly  the  increasing  venodty  of  the  blood,  and  also  the  disappearsDce  of 
the  above-named  reflex  inhibitory  process.]  Death  of  the  mother  acts  like  compressioa  of  tbe 
umbilical  cord.  In  the  former  case,  the  maternal  venous  blood  robs  the  foetal  blood  of  its  O,  io 
that  death  of  the  foetus  occurs  more  rapidly  (Zun/E).  If  the  mother  be  ra^uify  poboned  widi 
CO  (i  17),  the  foetus  may  live  longer,  as  the  CO-hsemoglobin  of  the  materoal  blood  cannot  tike 
any  O  from  the  foetal  blood  ({  i6^//ogyes).  In  slow  poisoning  the  CO  [lasses  into  the  iGelal 
blood  ( Grihant  and  Quinquand). 

In  many  cases,  especially  in  cases  of  very  prolonged  labor,  the  excitability  of  the  respiiaasy 
centre  may  be  so  diminished,  that  after  birth  the  dyspnoeic  condition  of  the  blood  alone  is  mt 
sufficient  to  excite  respiration  in  a  normal  rhythmical  manner.  In  such  cases  stimulation  of  the 
skin  also  acts,  e^.y  partly  by  the  cooling  produced  by  the  evaporation  of  the  anauiotic  fluid  from 
the  skin.  When  air  has  entered  the  lungs  by  the  first  respiratory  movements,  the  air  withmtbe 
lungs  also  excites  the  pulmonary  branches  of  the  vagus  {PjUiger)^  and  thus  the  respiratory  centre 
is  stimulated  reflexly  to  increased  activity.  According  to  v.  Preuschen's  observations,  stimulitioo 
of  the  cutaneous  nerves  b  more  eflective  than  that  of  the  pulmonary  branches  of  the  vagus.  Id 
animals  which  have  been  rendered  apnoeic  by  free  ventilation  of  their  lungs,  respiratory  move* 
ments  may  be  discharged  by  strong  cutaneous  stimuli,  e,g,^  dashing  on  of  cold  water.  Tbe 
mechanical  stimulation  of  the  skin  by  friction  or  sharp  blows,  or  the  applicatioo  of  a  ooU 
douche,  excites  the  respiratory  centre.  When  the  pl^ental  circulation  is  intact,  cntaiwow 
stimuli  do  not  discharge  respiratory  movements  (Zuntt  and  Cohnsiein),  (Artificial  reqma- 
tion,  §  134). 

.  [Action  of  Drugs  on  the  Respiratory  Centre. — Ammonia,  salts  of  zinc  and  copper, 
strychnin,  atropin,  duboisin,  apomorphin,  emetin,  the  digitalis  group,  and  heat  increase  die 
rapidity  and  depth  of  the  respirations,  while  they  become  frequent  and  shallower  after  tlii6Mt  ^ 
alcohol,  opium,  chloral,  chloroform,  physostigmin.  The  excitability  of  the  centre ii  ^ 
creased  and  then  diminished  by  cafliein,  nicotin,  quinine,  and  saponin  (Brunt^m^jy 

369.  CENTRE  FOR  THE  INHIBITORY  NERVES 
HEART— (CARDIO-INHIBITORY).— The  fibres  of  the  vj 
moderately  stimulated,  diminish  the  action  of  the  heart ;  when 
ulated,  however,  they  arrest  its  action  and  cause  it  to  stand  still  ill 
(§  35  2»  7)  >  ^^^y  ^^^  supplied  to  the  vagus  through  the  spinal  ai 
and  have  their  centre  in  the  medulla  oblongata  (§  353). 

[Gaskell  has  shown  that  stimulation  of  the  vagus  not  only  infli 
rhythm  of  the  heart's  action,  but  modifies  the  other  functions  of  the 
muscle.  Stimulation  of  the  vagus  influences — (a)  the  ctutomatic  rkf^bm, 
i.  c. ,  the  rate  at  which  the  heart  contracts  automatically  ;  (d)  the  force  of  the 
contractions,  more  especially  the  auricles,  although  in  some  animals,  ^./.,  the 
tortoise,  the  ventricles  are  not  affected;  (c)  ^^ power  of  conduction^  />.,  tbe 
capacity  for  conducting  the  muscular  contractions.  According  to  Gaskell,  tbe 
vagus  acts  upon  the  rhythmical  power  of  the  muscular  fibres  of  the  heart.] 

This  centre  may  be  excited  directly  in  the  medulla,  and  also  reflexly,  by 
stimulating  certain  afferent  nerves. 

Many  observers  assume  that  this  centre  is  in  a  state  of  tonic  excitement,  i.e.^  that  there  is  a 
continuous,  uninterrupted,  regulating,  and  inhibitory  action  of  this  centre  upon  the  heart  throagb 
the  fibres  of  tiie  vagus.  According  to  Bernstein,  this  tonic  excitement  is  caused  reflexly  throagb 
the  abdominal  and  cervical  sympathetic. 

I.  Direct  Stimulation  of  the  Centre. — This  centre  may  be  stimalated 
directly  by  the  same  stimuli  that  act  upon  the  respiratory  centre,  (i)  Sudden 
anamia  of  the  oblongata,  ligature  of  both  carotids  or  both  subclavians,  or  de- 
capitating a  rabbit,  the  vagi  alone  being  left  undivided,  cause  slowing  and  evtn 
temporary  arrest  of  the  action  of  the  heart.  (2)  Sudden  venous  hypercemia  u^ 
in  a  similar  manner,  e,g,^  by  ligaturing  all  the  veins  returning  from  the  bead. 
(3)  Increased  venosity  of  the  blood,  produced  either  by  direct  cessation  of  tbe 
respirations  (rabbit),  or  by  forcing  into  the  lungs  a  quantity  of  air  containiog 
much  CO,  {Traube),  As  the  circulation  in  the  placenta  (the  respiratory  oigan 
of  the  foetus)  is  interfered  with  during  severe  labor,  this  sufficiently  explains  tbe 
enfeeblement  of  the  action  of  the  heart  which  occurs  during  protracted  labor ; 
it  is  due  to  stimulation  of  the  central  end  of  the  vagus  by  the  dyspnoeic  blood 
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{B.  S.  Se/iultte').  (4)  At  the  moment  the  respiratory  centre  is  excited,  and  an 
inspiration  occurs,  there  is  a  variation  in  the  inhibitory  activity  of  the  cardiac 
centre  {^Danders,  PflQger,  Fredericq — §  74,  a,  4).  (g)  The  centre  is  excited 
by  increased  ilood-pressvre  within  the  cerebral  arteries. 

II.  The  centre  may  be  excited  reflexly  by — (i)  Stimulation  of  sensory 
nerves  {Ltniin). 

[This  is  illustjated  in  fig.  583,  which  shows  the  efTect  produced  on  the  heart 
by  stimulation  of  the  central  end  of  the  infra-orbital  nerve,  at  e.  The  heart 
movements  were  recorded  by  means  of  a  needle  inserted  into  the  heart.  The 
heart-beat  was  arrested  for  a  moment  and  pulse-beats  were  much  slower,  and 
there  was  consequently  a  great  fall  of  the  blood- pressure.] 

(i)  Stimulation  of  the  central  end  of  one  vagus,  provided  the  other 
vagus  is  intact. 

(3)  Stimulation  of  the  sensory  nerVes  of  the  intestines,  by  tapping 
upon  the  belly  (Goltz's  tapping  experiment),  whereby  the  action  of  the 
heart  is  arrested.  Stimulation  of  the  splanchnic  nerve  directly  {Asp  ami 
Ludwig),  or  of  the  abdominal  or  cervical  sympathetic,  produces  the  same 


esult.  Very  strong  stimnlation  of  sensory  nerves,  however,  arrests  the  above- 
lamed  reflex  effects  upon  the  vagus  (§  361,  3). 

Tapping  EzperimcDt. — Goltz'i  experiment  succeed*  at  once,  bj  tapping  ibe  inlotinet  of  a 
•0%  directly,  say.  with  the  handle  of  a  scalpel,  especiatlf  if  the  intesiiae  has  been  exposed  to 
le  air  for  >  sbon  liioe,  30  as  lo  become  influned  (  Tarikaftoff').  StimuUtioo  of  ibe  stomach  of 
i«  dog  catuei  slowing  of  ibe  heart-beat  (.%.  Mayrr  nnd  Fribrnm).  [M'William  findi  Ihit 
ic  action  of  tfae  heart  of  the  eel  may  be  arrested  refleily  with  very  great  ficilily.  The  leflex 
hibition  is  obtained  by  sl^ht  stimulation  of  the  gills  (ibiough  the  branchial  nerves),  the  skiit 

the  head  and  tail,  and  parietal  peritoneum,  by  severe  injury  of  aliDou  any  part  of  the  (uiimal, 
icept  the  abdominal  organs.] 

QEffect  of  Swallowing  Fluids. — Kronecker  has  shown  that  the  act  of 
raTTowin^  interferes  with  or  abolishes  temporarily  the  cardio-inhibitory  action 
'  the  vagus,  %a  that  the  putse-rate  is  greatly  accelerated.  Merely  sipping  a 
fneglassful  of  water  may  raise  the  rate  30  per  cent.  Hence,  sipping  cold 
Iter  acts  as  a  powerful  t^ardiac  stimulant.] 

According  to  Hering,  the  excitability  of  the  cardio-inhibitory  centre  is 
roinished  by  vigorous  artificial  ventilation  of  the  lungs  vrith  atmospheric  air. 
:  the  aatne  time,  there  is  a  considerable  fall  of  the  blood-pressure  (§  ^^z,  8,  4). 
[□  mttn,  a  vigorous  expiration,  owing  to  the  increased  inlra-pubnooBry  pressure,  causes  an 
54 
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acceleiation  of  Ihe  heart-beil,  which  Sommeibrodt  ascribes  to  ■  diminutiod  of  (lie>c(iTJ(;Df  Ac 
*agi.     A[  tbe  same  lime  the  aciivily  of  the  vaso-motor  centie  is  dimiDished  ({  60,  z). 

Stimulation  of  the  trunk  of  the  vagus  at  any  point  from  the  cracre 
downwards,  along  its  whole  course,  and  also  of  certain  of  its  cardiac  bnocba 
[inferior  cardiac]  causes  the  heart  either  to  beat  more  slowly,  or  arrests  its  action 
in  diastole.  The  result  depends  upon  the  strength  of  the  stinauins  einplojtd; 
feeble  stimuli  slow  the  action  of  the  heart,  while  strong  stimuli  arrest  it  in 
diastole.  The  frog's  heart  may  be  arrested  by  stimulating  the  fibtts  ot 
the  vagus  upon  the  sinus  venosus  [or  by  stimulating  the  vagus  in  its  couise,  e 
in  fig.  584].  H  lirpngsumaii 
be  applied  either  to  the  centre 
TiWVWWH  '^'^"''''^WlAfWW    O^  to  ;he  course  of  the  Dwre, 

"  "  "     for  a  iang  lime,  the  part  sliin- 

"'"*  ^'";    ulated  becomes /«!^rf  and 
the  heart  beats  more  npidh 
Time  in     a.    -^^  spifg  pf  (he  Continued  stini- 

. — .    ulation.   If  apart  of  theoerre 

p.      „  lying    nearer    the    heut  be 

'^'  '  stimulated,  inhibition  of  the 

Beating  of  a  frog's  heart  Uken  by  means  of  a  lever  resting  heart's  action  is  broari'. 
on  the  heart.  The  lowest  carve  shows  when  the  vagus  „.  _  ,  „  ,l  ,■_  1  „, 
was  stimulated  and  the  cowequeoi  arrest  of  the  heTtt-  »t»Oiit,  as  the  stimulus  aos 
beat  (StirliHe).  upon  a  fresh  portion  of  Mtk, 

[The  action  of  the  bean 
may  be  arrested  by  stimulation  of  the  vagus,  not  only  by  means  of  electricii 
stimuli,  but  also  by  chemical  (common  salt,  glycerin)  or  mechanical  stimuli 
As  a  rule,  the  right  vagus  is  more  powerful  than  the  left.     Suppose  the  heart  ^ 
be  arrested  by  stimulation  of  the  vagus,  the  arrest  is  not  permanent  i  in  spile 
of  continuation  of  the  stimulation  the  heart  begins  to  beat.     At  first  the  con- 
tractions are   slower,  and   afterward^ 
quicker.     Fig.  585  shows  the  cSeci  ni 
stimulation  of  the  vagus  in  a  rabbit, 
the  result  being  shown  by  recaidiD^ 
the  blood -pressure,  and    noting  li* 
sudden    fall    in    the    arterial   presnn 
consequent  on  the  arrest  of  the  bean 
in  diastole.3 

The  following  points  have  also  bea 
ascertained  regarding  the  stimnlatiaD 
of  the  inhibitory  fibres : — 

p..        o  I.   The  experiments  of  LSwit  on  (be  lni$> 

*■  '  '■  heart,  confirmed  by  Heidenhain,  sbovrd  li* 

Blood -pressure  Irecine  of  the  carotid  artery  of    electrical  and  chemical  stimulation  of  tbe  ngv 

a  rabbit.     Effect  of  stimuliUiou  of  the  vagut     produce  difFetent  results,  as  i«gajdi  the  men 

[at  a)  causing  a  rapid  fall  of  the  blood-pres-     of  the  ventricular  systole,  as  well  as  ibe  or 

sure  I^Sliriing).  ber  of  hean-beats ;  the  coatradions  dthu  !«■ 

come  iwaller,  or  less  frequent,  or  they  becm 

smaller  and  less  frequent  simultaneonsly.     Strong  stimuli  cause,  in  addition,  wdl-Buiked  icb 

alion  of  the  heart  during  diastole. 

3.  In  order  to  cause  inhibition  of  the  heart,  cotttinuaus  stimalus  is  not  necessary.  A  ik}iim 
tally  iHterruplcd  moderate  stimulus  sulHces  [y.  Bttola) ;  l8  to  20  stimuli  per  second  art  rcqiff^ 
for  mammals,  and  z  to  3  per  second  for  cold-blooded  animals. 

3.  Dondeis,  with  Prahl  and  NUel,  observed  that  arrest  of  the  heart's  action  did  ml  nkepba 
immediatel;^  the  sllmulua  was  applied  to  the  vsgus;  but  aboot  '^aix  second — period  of  UK* 
Btimulation  —  elqised  before  the  effect  was  produced  on  the  heart. 

4.  If  the  heart  be  arrested  by  stimuUlion  of  the  vagus,  it  coo  slill  contiact,  if  it  be  euiiK 
directly,  e.  g.,  by  pricking  it  with  a  Deedle,  when  it  executes  a  siigli  conli^utjon.  [Thit  b(>^ 
good  only  for  some  animals,  f.g.,  frog,  tortoise,  Uids  and  mammal*,      in   Ssbes,  oshr  is 
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ventricle  responds  to  stimulation  during  marked  inhibition ;  in  the  newt,  only  the  bulbus 
arteriosus.  In  the  newt's  heart,  the  sinus,  auricles,  and  ventricle  are  all  inexcitable  to  direct 
stimulation  during  strong  inhibition.] 

5.  According  to  A.  B.  Meyer,  inhibitory  fibres  are  present  only  in  the  right  vagus  in  the 
turtle.  It  is  usually  stated  that  the  right  vagus  is  more  effective  than  the  left  in  other  animals, 
e.g.f  rabbit  (Masoin) ;  but  this  is  subject  to  many  exceptions  (Landois  and  Langendorff).  [In 
the  newt,  the  right  vagus  acts  more  readily  on  the  ventricle  than  on  the  other  parts  of  the 
heart ;  slight  stimulation  of  the  right  vagus  can  arrest  the  ventricle,  while  the  sinus  and  auricles 
go  on  beating.] 

6.  The  vagus  has  been  compressed  by  the  finger  in  the  neck  of  man  {Czermak^  Concato) ;  but 
this  experiment  is  accompanied  by  danger,  and  ought  not  to  be'  undertaken.  The  electrotonic 
condition  of  the  vagus  is  stated  in  {  335,  III. 

7.  Schiff  found  that  stimulation  of  the  vagus  of  the  frog  caused  acceleration  of  the  heart-beat, 
when  he  displaced  the  blood  of  the  heart  with  saline  solution.  If  blood-serum  be  supplied  to 
the  heart,  the  vagus  regains  its  inhibitory  action. 

8.  Many  soda  salts  in  a  proper  concentration  arrest  the  inhibitory  action  of  the  vagus,  while 
potash  salts  restore  the  inhibitory  function  of  the  vagi  suspended  by  the  soda  salts.  If,  how- 
ever, the  soda  or  potash  salts  act  too  long  upon  the  heart,  they  produce  a  condition  in  which,  after 
the  inhibitory  function  of  the  vagi  is  abolished,  it  is  not  again  restored.  The  heart's  action  in 
this  condition  is  usually  arhythmical  (Ldwit). 

9.  If  the  intracardial  pressure  be  greatly  increased,  so  as  to  accelerate  greatly  the  cardiac 
pulsations,  the  activity  of  the  vagus  is  correspondingly  diminished  (/.  Af.  Ludwig  and 
Luchsinger). 

[Differences  in  Animals. — Perhaps  the  most  remarkable  fact  in  connection  with  the  influ- 
ence of  the  vagus  on  the  eel's  heart  and  that  of  all  other  fishes  examined,  is,  that  vagus- 
stimulation  causes  the  sinus  and  auricle  to  be  entirely  inexcitable  to  direct  stimulation  during 
strong  inhibition.  Nerve- stimulation  has  in  this  case  the  very  peculiar  effect  of  rendering  the 
muscular  tissue  temporarily  incapable  of  responding  to  even  the  strongest  direct  stimuli,  ^.^., 
powerful  induction  shocks  This  would  appear  to  be  decisive  evidence  that  the  vagus  acts  on 
muscle  directly,  and  not  simply  on  automatic  motor  ganglia,  as  was  held  according  to  the  old 
view  {^AT  miliam).^ 

Poisons. — Muscarin  stimulates  the  terminations  of  the  vagus  in  the  heart,  and  causes  the 
heart  to  stand  still  in  diastole  (Schmiedeberg  and  KoppeS,  [See  p.  loi  for  Gaskell's  views.]  If 
atropin  be  applied  in  solution  to  the  heart,  this  action  is  set  aside,  and  the  heart  begins  to  beat 
again.  [Atropin  abolishes  completely  the  inhibitory  action  of  the  vagus  on  the  heart.  If  it 
be  injected  into  the  jugular  vein  of  a  rabbit,  the  pulse-beats  are  increased  27  per  cent.,  in  the 
dog  they  may  be  trebled,  and  in  a  man  under  its  full  influence  the  pulse  beats  may  rise  from 
70  to  150  or  more.  After  atropin,  it  is  impossible  to  arrest  the  action  of  the  heart  by  stimulation 
o\  the  vagus,  and  in  the  fi'og  this  cannot  be  done  even  by  stimulation  of  the  inhibitory  centre  in 
the  heart  itself,  so  that  atropin  must  be  regarded  as  paralyzing  the  intracardiac  terminations  of 
the  vagus.]  Digitalin  diminishes  the  number  of  heart-beats  by  stimulating  the  cardio^inhibi- 
tory  centre  (vagus)  in  the  medulla.  Large  doses  diminish  the  excitability  of  the  vagus  centre, 
and  increase  at  the  same  time  the  accelerating  cardiac  ganglia,  so  that  the  heart-beats  are  thereby 
increased.  In  small  doses,  digitalin  raises  the  blood-pressure;  by  stimulating  the  vaso-motor 
centre  and  the  elements  of  the  vascular  wall  {IClug).  Nicotin  first  excites  the  vagus,  then 
rapidly  paralyzes  it.  Hydrocyanic  acid  has  the  same  dfect  (Preyer),  Atropin  (v.  Bezold)  and 
curare  (large  dose — CI.  Bernard  and  JColliker)  paralyze  the  vagi,  and  so  does  a  very  low 
temperature  or  high  fever. 

370.  CENTRE  FOR  THE  ACCELERATOR  OR  AUGMENTOR 
CARDIAC  NERVES.— Nervus  Accclcrans.— It  is  more  than  probable 
that  a  centre  exists  in  the  medulla  oblongata,  which  sends  accelerating  fibres  to 
the  heart.  These  fibres  pass  from  the  medulla  oblongata — but  from  which  part 
thereof  has  not  been  exactly  ascertained — through  the  spinal  cord,  and  leave 
the  cord  through  the  rami  communicantes  of  several  of  the  upper  dorsal  nerves, 
to  pass  into  the  sympathetic  nerve.  Some  of  these  fibres,  issuing  from  the 
spinal  cord,  pass  through  the  first  thoracic  sympathetic  ganglion  and  the  ring 
of  Vieussens,  to  join  the  cardiac  plexus  (figs.  586,  587).  [These  fibres,  pro- 
ceeding from  the  spinal  cord,  frequently  accompany  the  nerve  running  along 
the  vertebral  artery],  and  they  constitute  the  Nervus  accelerans  cordis,  [Fig. 
587  shows  the  accelerator  fibres  passing  through  the  ganglion  stellatum  of  the 
cat  to  join  the  cardiac  plexus.] 

[Accelerans  in  the  Dog. — These  fibres  leave  the  spinal  cord  as  medullated 
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fibres  by  the  anterior  roots  of  the  second  and  third  dorsal  nerves,  ind  it  miy 
be  by  the  fourth  and  fifth  nerves  as  welt — pass  vid  the  white  rami  commnoi' 
cantes  to  the  second  thoracic  ganglion  and  ganglion  slellalum — the  iatierisibc 
first  thoracic  ganglion — and  thence  forwards  through  the  annnlus  or  ring  d( 
Vieussens  to  the  inferior  cervical  ganglion.  They  then  pass  along  tbt  nore 
arising  either  from  the  inferior  cervical  ganglion  or  one  loop  of  the  aonoliE  of 
Vieussens.  These  emerging  nerve-Hbres  are  noD-medullated,  uiil  u  ik  ing- 
mentor  fibres  are  medullated  before  they  enter  the  sympathetic  ganglia  it  b 
evident  that  they  become  tion -medullated  in  these  ganglia  probably  by  eodioj 
in  the  multipolar  nerve-cells  of  these  ganglia,  so  that  the  eme^ng  fibre  nuy 
be  regarded  ascontinuous  with  the  n  on -medullated  processes  of  the  sympithttic 


Fig.  s86. 
Fig.  586.— Scheme  of  the  corns 
C,  ipinil  cord;  V,  inhibiti 
mpeiior,  IL,  iDferior  larynj 
impalse;  S,  cerricsl  lynpe 
ganglion  itellatum  of  tbe  c 
and  in  the  annulus  of  Vieu: 
lion  and  the  ganglion  sli 
depreuor  nerre ;  5,  middle 
6,  goDglion  McUatum  {tat  l 
S,  netvom  aceeleraDi;  8,  S 

nerve-cells.  They  remain 
this  respect  these  fibres  dil 
The  inhibitory  fibres  of  tV 
as  fine  medullated  fibres  a 
[Stimulation  of  the  acd 
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diminishes  the  diastole,  bul  it  increases  its  force,  hence  the  term  "  augmentor  " 
applied  to  it.  It  requires  a  pretty  strong  stimulus  to  excite  it,  and  if  the 
slimulation  be  kept  up,  the  augmentor  fibres  are  less  easily  exhausted  than  the 
inhibitory  fibres  of  the  vagus.  Prolonged  stimulation  of  the  nerve  results  in 
increased  rapidity  of  the  heart's  action,  and  leads  to  a  period  of  diminished 
energy  on  the  part  of  the  heart,  the  latter  becoming  exhausted.  Thus  ihis 
nerve  may  be  regarded  as  the  katabolic  nerve  of  the  heart,  in  opposition  to  the 
vagus,  which  is  the  anabolic  nerve  of  the  heart.] 

If  the  vagi  of  an  animal  be  divided,  stimulation  of  the  medulla  oblongala,  of 
the  lower  end  of  the  divided  cervical  spinal  cord,  even  of  the  lower  cervical 
ganglion,  or  of  the  upper  dorsal  ganglion  of  the  sympatheiic  {Gang,  stellatum), 
causes  acceleration  of  the  heart-beats  in  the  dog  and  rabbit,  without  the  blood- 


The  ilighiljr  increaied 

The  accelerating  centre  is  certainly  not  continually  in  a  state  of  tonic  excite- 
ment, as  section  of  the  accelerans  nerve  does  not  cause  slowing  of  the  action  of 
the  heart ;  the  same  is  true  of  destruction  of  the  medulla  oblongata  or  of  the 
cervical  spinal  cord.  In  the  latter  case,  the  splanchnic  nerves  must  be  divided 
beforehand,'  to  avoid  the  slowing  effect  on  the  action  of  the  heart  produced  by 
the  great  fall  of  the  blood -pressure  consequent  upon  destruction  of  the  cord, 
otherwise  we  might  be  apt  to  ascribe  the  result  to  the  action  of  the  accelerating 
centre,  when  it  is  in  reality  due  to  the  diminished  blood -pressure  {Cy/>n). 

According  to  the  results  of  the  older  observers  (v.  Bezold  and  others),  some 
tccelerating  fibres  run  xnih^  cervical  sympathetic.  A  few  fibres  pass  through  the 
^agus  to  reach  the  heart  (§  351,  7),  and  when  they  are  stimulated,  either  the 
leart-beat  is  accelerated  or  the  cardiac  contractions  strengthened  {Heidenhain 
tnd  Z.ov>il),  or  the  latter  alone  occurs  {Pawlow).    The  inhibitory  fibres  of  the 
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vagus  lose  their  excitability  more  readily  than  the  accelerating  fibres,  but  the 
vagus  fibres  are  more  excitable  than  those  of  the  accelerans. 

Tarchanoff  has  described  some  very  rare  cases  of  individuals  who,  by  a  merely  v^mntary 
effort  J  and  while  at  rest,  the  respirations  remaining  unaflfected,  could  nearly  double  the  nnmb^ 
of  their  pulse-beats. 

Modifying  Conditions. — When  the  peripheral  end  of  the  nervus  accelerans  is  stimoUted, 
a  considerable  time  elapses  before  the  effect  upon  the  frequency  of  the  heart  takes  place,  ut^'t 
has  a  long  latent  period.  Further,  the  acceleration  thus  produced  disappears  gradoallj.  If 
the  vagus  and  accelerans  fibres  be  stimulated  simultaneously,  only  the  inhibkory  aaion  of 
the  vagus  is  manifested.  If,  while  the  accelerans  is  being  stimulated,  the  vagus  be  soddealy 
excited,  there  is  a  prompt  diminution  in  the  number  of  the  heart-beats;  and  if  the  sdmolfiiaD 
of  the  vagus  is  stopped,  the  accelerating  effect  of  the  accelerans  is  again  rapidly  manifested 
(C.  Ludwig  with  Schmiedeberg^  Boutditch^  Baxt).  According  to  the  experiments  of  Sbidier 
and  Wagner  on  dogs,  with  both  vagi  divided,  a  diminution  of  the  number  of  the  heait-beais 
occurred  when  both  accelerantes  were  divided.  This  would  indicate  a  tonic  innervation  of  the 
latter  nerves. 

[Accelerans  in  the  Prog. — Gaskell  showed  that  stimulation  of  the  vags 
in  the  frog  might  produce  two  opposing  effects  :  the  one  of  the  nature  of  in- 
hibition, the  other  of  augmentation.  The  augmentor  fibres  in  the  frog  leave 
the  cord  by  the  anterior  roots  of  the  third  spinal  nerve,  and  by  the  nunos 
communicans  of  this  nerve  they  pass  into  the  third  sympathetic  ganglion,  tbej 
run  up  through  the  second  ganglion,  and  thence  through  the  annulus  of  Vieos- 
sens  to  the  first  sympathetic  ganglion,  /.  ^.,  the  ganglion  connected  with  the 
first  spinal  nerve.  They  then  run  up  the  short  symp^athetic  nerve,  enter  the 
ganglion  of  the  trunk  of  the  vagus,  pass  through  it  and  emerge,  and  are  dis- 
tributed with  the  vagus  fibres,  emerging  from  the  ganglion  trunci  vagi.  In  the 
crocodile,  the  accelerans  fibres  leave  the  sympathetic  chain  at  the  large  gang- 
lion corresponding  to  the  ganglion  stellatum  of  the  dog,  and  run  along  the 
•vertebral  artery  up  to  the  superior  vena  cava,  and,  after  anastomosing  with 
branches  of  the  vagus,  pass  to  the  heart.  "  Stimulation  of  these  fibres  increases 
the  rate  of  the  cardiac  rhythm,  and  augments  the  force  of  auricular  contrac- 
tions ;  while  stimulation  of  the  vagus  slows  the  rhythm,  and  diminishes  the 
strength  of  the  auricular  contractions."  The  strength  of  the  ventricular  cxXi- 
traction,  both  in  the  tortoise  and  crocodile,  does  not  seem  to  be  influenced  by 
stimulation  of  the  vagus,  and  probably  also  it  is  unaffected  by  the  sympathetic 
The  so-called  vagus  of  the  frog,  in  reality,  consists  of  pure  vagus  fibres  and 
sympathetic  fibres,  and  is  in  fact  a  vago-sympathetic.  Gaskell  finds  that  stiea- 
lation  of  the  sympathetic,  before  it  joins  the  combined  ganglion  of  the  sympa- 
thetic and  vagus,  produces  purely  augmentor  or  accelerating  effects;  while 
stimulation  of  the  vagus,  before  it  enters  the  ganglion,  produces  purely  «»A/-W*fT 
effects.  The  two  sets  of  fibres  are  quite  distinct,  so  that  in  the  frog  the  sym- 
pathetic is  a  purely  augmentor  (accelerator),  and  the  vagus  a  purely  inhibitory 
nerve.  Acceleration  is  merely  one  of  the  effects  produced  by  stimulation  of  these 
nerves ;  hence,  Gaskell  suggests  that  they  ought  to  be  called  **  augmentor/' 
or  simply  cardiac  sympathetic  nerves.  The  augmentor  fibres  are  non-roedulla- 
ted  in  the  trunk  of  the  vagus,  while  the  inhibitory  fibres  are  meduUated.] 

[In  his  more  recent  researches  Gaskell  asserts  that  vagus  stimulation  prodnces 
first  an  inhibitory  or  depressing  effect,  but  that  it  ultimately  improves  the  con- 
dition of  the  heart  as  regards  force,  rate,  or  regularity— one  or  all  of  these. 
He  regards  it  as  a  true  anabolic  nerve  (§  342,  d).] 

371.  VASO-MOTOR  CENTRE  AND  VASO-MOTOR 
NERVES. — Vaso-Motor  Centre. — The  chief  dominating  or  general 
centre,  which  supplies  all  the  non-striped  muscles  of  the  arterial  system 
with  motor  nerves  (vaso-motor,  vasoconstrictor,  vaso-hypertonic  nerves),  lies 
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in  the  medulla  oblongata,  at  a  spot  which  contains  many  ganglionic  cells  {Lud- 
wig  and  Thiry).  Those  nerves  which  pass  to  the  blood-vessels  are  known  as 
vaso-motor  nerves.  The  centre  (which  is  3  millimetres  long  and  i^  milli- 
metre broad  in  the  rabbit)  reaches  from  the  region  of  the  upper  part  of  the 
floor  of  the  medulla  oblongata  to  within  4  to  5  mm.  of  the  calamus  scriptorius. 
Each  half  of  the  body  has  its  own  centre,  placed  2j4  millimetres  from  the 
middle  line  on  its  own  side,  in  that  part  of  the  medulla  oblongata  which  repre- 
sents the  upward  continuation  of  the  lateral  columns  of  the  spinal  cord ;  accord- 
ing to  Ludwig,  Owsjannikow,  and  Dittmar,  in  the  lower  part  of  the  superior 
olives.  Stimulation  of  this  central  area  causes  contraction  of  all  the  arteries, 
and,  in  consequence,  there  is  great  increase  of  the  arterial  blood-pressure,  re- 
sulting in  swelling  of  the  veins  of  the  heart.  Paralysis  of  this  centre  causes 
relaxation  and  dilatation  of  all  the  arteries,  and  consequently  there  is  an  enor- 
mous fall  of  the  blood-pressure.  Under  ordinary  circumstances,  the  vaso- 
motor centre  is  in  a  condition  of  moderate  tonic  excitement  (§  366).  Just  as 
in  the  case  of  the  cardiac  and  respiratory  centres,  the  vaso-motor  centre  may 
be  excited  directly  and  reflexly. 

[Position — How  ascertained. — As  stimulation  of  the  central  end  of  a 
sensory  nerve,  ^.^.,  the  sciatic,  in  an  animal  under  the  influence  of  curare, 
causes  a  rise  in  the  blood-pressure,  even  after  removal  of  the  cerebrum,  it  is 
evident  that  the  centre  is  not  in  the  cerebrum  itself.  For  the  effect  of  chloral, 
under  the  same  conditions,  see  p.  858.  By  making  a  series  of  sections  of  the 
brain  from  above  downwards,  it  is  found  that  this  reflex  effect  is  not  affected  until 
a  short  distance  above  the  medulla  oblongata  is  reached.  If  more  and  more  of 
the  medulla  oblongata  be  removed  from  above  downwards,  then  the  reflex  rise 
of  the  blood-pressure  becomes  less  and  less,  imtil,  when  the  section  is  made  4 
to  5  mm.  above  the  calamus  scriptorius,  the  reflex  effect  on  the  blood-pressure 
ceases  altogether.  This  is  taken  to  be  the  lower  limit  of  the  general  vaso-motor 
centre.  The  bilateral  centre  corresponds  to  some  large  multipolar  nerve-cells, 
described  by  Clarke  as  the  antero-lateral  nucleus.] 

I.  Direct  Stimulation  of  the  Centre. — ^The  amount  and  quality  of 
the  gases  contained  in  the  blood  flowing  through  the  medulla  are  of  primary 
importance.  In  the  condition  of  apnoea  (§  368,  i),  the  centre  seems  to  be  very 
slightly  excited,  as  the  blood-pressure  undergoes  a  considerable  decrease. 
Wben  the  mixture  of  blood -gases  is  such  as  exists  under  normal  circumstances, 
the  centre  is  in  a  state  of  moderate  excitement,  and  running  parallel  with  the 
respiratory  movements  are  variations  in  the  excitement  of  the  centre  (Traube- 
Hering  curves — §  85),  these  variations  bdng  indicated  by  the  rise  of  the  blood- 
pressure.  When  the  blood  is  highly  venous,  produced  either  by  asphyxia  or 
by  the  inspiration  of  air  containing  a  large  amount  of  CO,,  the  centre  is  strongly 
excited,  so  that  all  the  arteries  of  the  body  contract,  while  the  venous  system 
and  the  heart  become  distended  with  blood  {Thiry),  At  the  same  time,  the 
velocity  of  the  blood-stream  is  increased  {Heidenhain),  The  same  result  is 
produced  by  ligature  of  both  the  carotid  and  subclavian  arteries,  thus  causing 
sudden  anaemia  of  the  medulla  oblongata ;  and,  no  doubt,  also  by  the  sudden 
stagnation  of  the  blood  in  venous  hyperaemia. 

Emptiness  of  the  Arteries  after  Death. — The  venosity  of  the  blood  which  occurs  after 
death  always  produces  an  energetic  stimulation  of  the  vaso- motor  centre,  in  consequence  of 
which  the  arteries  are  firmly  contracted.  The  blood  is  thereby  forced  towards  the  capillaries 
and  veins,  and  thus  is  explained  the  *<  emptiness  of  the  arteries  after  death.'* 

EfTect  on  Hemorrhage. — Blood  flows  much  more  freely  from  large  wounds,  when  the  vaso- 
motor centre  is  intact,  than  if  it  be  destroyed  (frog).  As  psychical  excitement  undoubtedly 
influences  the  vaso-motor  centre,  we  may  thus  explain  the  influence  of  psychical  excitement 
(speaking,  etc.)  upon  the  cessation  of  hemorrhage.  If  the  hemorrhage  be  severe,  stimulation  of 
the  medulla  oblongata,  due  to  the  anaemia,  may  ultimately  cause  constriction  of  the  small  arteries, 
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and  thus  arrest  the  bleeding.  Thus,  surgeons  are  acquainted  with  the  fact  that  dangeross 
hemorrhage  is  often  arrested  as  soon  as  unconsciousness,  due  to  cerebral  ansemia,  occnrs.  If  the 
heart  be  ligatured  in  a  frog,  all  the  blood  is  ultimately  forced  into  the  veins,  and  this  resoli  is 
also  due  to  the  ansemic  stimulation  of  the  oblongata  ( Goltz),  In  mammals^  when  the  hean  is 
ligatured,  the  equilibration  of  the  blood-pressure  between  the  arterial  and  venoos  systems  takes 
place  more  slowly  when  the  medulla  oblongata  is  destroyed  than  when  it  is  intact  {v.  Bttdi^ 
Gscheidlen). 

[Effect  of  Destruction  of  the  Vaso-motor  Centre. — If  two  frogs  be  pithed  and  tlidr 
hearts  exposed,  and  both  be  suspended,  then  the  hearts  of  both  will  be  found  to  beat  rfarth- 
mically  and  fill  with  blood.  Destroy  the  medulla  oblongata  and  spinal  cord  of  one  of  tbem, 
then  immediately  in  this  case,  the  heart,  although  continuing  to  beat  with  an  altered  rbyihs, 
ceases  to  be  filled  with  blood ;  it  appears  collapsed,  pale,  blo(Klless.  There  is  a  great  accuoaik. 
tion  of  the  blood  in  the  abdominal  organs  and  veins,  and  it  is  not  returned  to  the  heart,  so  tlut 
the  arteries  are  empty.  This  experiment  of  Goltz  is  held  to  show  the  existence  of  venom  tstaa 
depending  on  a  cerebro-spinal  centre.  If  a  limb  of  thi?  frog  be  amputated,  there  is  little  or  do 
hemorrhage,  while  in  the  other  frog  the  hemorrhage  is  severe.  The  bearing  of  this  experiaient 
on  conditions  of  *'  shock  "  is  evident.] 

Action  of  Poisons. — Strychnin  stimulates  the  centre  directly,  even  in  corarized  dogs,  and 
so  do  nuotin  and  Calabar  bean. 

Direct  Electrical  Stimulation. — On  stimulating  the  centre  directly  in  animals,  it  b  ftnmd 
that  single  induction  shocks  only  become  effective  when  they  succeed  each  other  at  the  rate  of 
2  to  3  shocks  per  second.  Thus  there  is  a  "summation''  of  the  single  shocks.  The  aaii- 
mum  contraction  of  the  arteries,  as  expressed  by  the  maximum  blood -pressure,  is  reached  wliea 
10  to  12  strange  or  20  to  25  moderateiy  strong,  shocks  per  second  are  applied  (ICromeeier  ami 
Nicolaides), 

Course  of  the  Vaso-motor  Nerves. — From  the  vaso-motor  centre  fibics 
proceed  directly  through  some  of  the  cranial  nerves  to  their  area  of  distril 
through  the  trigeminus  partly  to  the  interior  of  the  eye  (§  347,  I,  2), 
the  lingual  and  hypoglossal  to  the  tongue  (§  347,  III,  4),  through  the 
limited  extent  to  the  lungs  (frog)  (§  352,  8,  2)  [the  vaso-motor  fil 
the  lungs  from  the  anterior  roots  of  the  2d  to  the  7th  upper  dorsal  n< 
dog  (§  356)]^  and  x.o  the  intestines  vid  the  splanchnics  (§  352,  11), 

All  the  other  vaso-motor  nerves  descend  in  the  lateral  columns  of 
cord  (§  364,  9) ;  hence,  stimulation  of  the  lower  cut  end  of  the  spinal 
causes  contraction  of  the  blood-vessels  supplied  by  the  nerves  below  the  pcAit 
of  section  (^Pfiuger),  In  their  course  through  the  cord  these  fibres  form  con- 
nections with  the  subordinate  vaso-motor  centres  in  the  gray  master  of  the  csri 
(§  362,  7),  and  then  leave  the  cord  either  directly  through  the  anterior  roots  of 
the  spinal  nerves  to  their  areas  of  distribution,  or  pass  through  the  rsmi  com- 
municantes  into  the  sympathetic,  and  from  them  reach  the  blood-vesseb  to 
which  they  are  distributed  (§  356)  [see  ^%,  530]. 

The  following  is  the  arrangement  of  these  nerves  in  the  region  of  the  head : 
The  cervical  portion  of  the  sympathetic  supplies  the  great  majority  of  the  blood- 
vessels of  the  head  (see  Sympathetic,  §  356,  A,  3).  In  some  animals,  the^/s«/ 
auricular  nerve  supplies  a  few  vaso-motor  fibres  to  its  own  area  of  distribation 
(Schiff,  Lovin,  Moreau'),  The  vaso-motor  nerves  to  the  upper  extremities 
pass  through  the  anterior  roots  of  the  middle  dorsal  nerves  into  the  thoracic 
sympathetic,  and  upwards  to  the  ist  thoracic  ganglion,  and  from  thence  throt^ 
the  rami  communicantes  to  the  brachial  plexus  i^Schiff,  Cyon),  The  skin  of 
the  trunk  receives  its  vaso-motor  nerves  through  the  dorsal  and  lumbar  nerves. 
The  vaso-motor  nerves  to  the  lower  extremities  pass  through  the  nerves  of 
the  lumbar  and  sacral  plexuses  into  the  sympathetic,  and  from  thence  to  the  lower 
limbs  (J^flUger,  Schiff,  CI.  Bernard),  The  lungs  are  supplied  from  the  dorsal 
spinal  cord  through  the  first  thoracic  ganglion  {Brotvn-Siquardy  Fidt  aad 
Badoud^  Lichtheini).  [In  the  dog  fibres  come  through  the  2d  to  the  7th  dorsal 
nerves.]  It  is  said  that  in  the  frog  the  vaso-motor  nerves  to  the  lungs  pass  bjr 
the  vagus  ( Coureur),  The  splanchnic  is  the  greatest  vaso-motor  nerve  in  th* 
body,  and  supplies  the  abdominal  viscera  (§  356,  B — v,  Bezold,  LudwiganJ 
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Crcm).  The  vaso-motor  nerves  of  the  liver  (§  173,  6),  kidney  (§  276)1  and 
spleen  (§  103)  have  been  referred  to  already.  According  to  Strieker,  most  of 
the  vaso-motor  nerves  leave  the  spinal  cord  between  the  sth  cervical  and  the 
ist  dor^l  vertebras.  [Gaslcell  finds  that  in  the  dog  (fig.  439)  they  begin  10 
leave  the  cord  at  the  2d  dorsal  nerve  (§  366),  and  the  great  outflow  of  vaso- 
motor nerves  is  between  the  id  dorsal  and  the  2d  lumbar  nerves  in  the  dog.] 

As  a  general  rule,  the  blood-vessels  for  the  skin  of  the  trunk  and  extremities 
arc  innervated  from  those  nerves  which  give  other  fibres  (^.^.,  sensory)  to  those 
regions.  The  different  vascular  areas  behave  differently  with  regard  to  the 
intensity  of  the  action  of  the  vaso-motor  nerves.  The  most  powerful  vaso- 
motor nerves  are  those  that  act  upon  the  btood -vessels of  peripheral  parts,  e.g., 
the  toes,  the  fingers,  and  ears ;  while  those  that  act  upon  central  parts  seem  to 
be  less  active  {Lewaschetti),  e.g.,  on  the  pulmonic  circulation  (§  88). 

II.  Reflex  Stimulation  of  the  Centre. — There  are  fibres  contained  in 
the  different  afferent  nerves,  whose  stimulation  affects  the  vaso-motor  centre. 
There  are  nerve-fibres  whose  stimulation  excites  the  vaso-motor  centre,  thus 
causing  a  stronger  contraction  of  the  arteries,  and  consequently  an  increase  of 
Ibcarterial  blood -pressure.  These  are  called  "  pressor  "  fibres.  Conversely, 
there  are  other  fibres  whose  stimulation  reflcxiy  diminishes  the  excitability  of 
(he  vaso-motor  centre.  These  act  as  reflex  inhibitory  nerves  on  the  centre,  and 
are  known  as  "  depressor  "  fibres. 


Fig.  589. 

Effect  on   the   blood-presrare  in  CRrotid,  produced  bf  stimnlitioD   of  the  central  end  of  the 

■cislic  nerve  in  the  nblNt.    Stimulation  begin  U  S. 

Pressor,  or  excito-vaso-motor  nerves,  have  already  been  referred  to  in  con- 
nection with  the  superior  and  inferior  laryngeal  nerves  (§  351,  12,  a),  in  the 
trigeminus,  which,  when  stimulated  directly  (§  347),  causes  a  pressor  action, 
as  welt  ,as  when  stimulating  vapors  are  blown  into  the  nostrils  {/fering  ami 
Kraischnter).  [The  rise  of  the  blood-pressure  in  this  case,  however,  is  accom- 
panied by  a  change  in  the  character  of  the  heart's  beat  and  in  the  respirations. 
Rutherford  has  shown  that  in  the  rabbit  the  vapor  of  chloroform,  ether,  amyl 
litrite,  acetic  acid,  or  ammonia  held  before  the  nose  of  a  rabbit  greatly 
retards  or  even  arrests  the  heart's  action,  and  the  same  is  true  if  the  nostrils 
je  closed  by  the  hand.  This  arrest  does  not  occur  if  the  trachea  be  opened, 
ind  Rutherford  regards  the  result  as  due  not  to  the  stimulation  of  the  sensory 
ibres  of  the  trigeminus,  but  to  the  state  of  the  blood  acting  on  the  cardio- 
nhibitory  nerve  apparatus.]  Hubert  and  Roever  found  pressor  fibres  in  the 
^rvical  sympathetic ;  S.  Mayer  and  Pribram  found  that  mechanical  stimulation 
>f  the  stomach,  especially  of  its  serosa,  caused  pressor  effects  (§  353,  11,  e). 
Vccording  to  Lov^n,  ^t  first  effect  of  stimulating  every  sensory  nerve  is  3 
)ressor  action. 

[If  a  dog  be  poisoned  with  curare,  and  the  central  end  of  one  sciatic  nerve 
le  stimulated,  there  is  a  great  and  steady  rise  of  the  blood -pressure,  chiefly  owing 


858  PRESSOR  FIBRES.  [Sec  311. 

to  the  contraction  of  the  abdominal  blood-vessels,  and  at  the  same  tint  ibEre 
is  no  change  in  the  heart-beat  (fig.  589).  If,  however,  the  animal  be  poisowd 
with  chloral,  there  is  a  fall  of  the  blood-pressure  resembling  a  deprosor 
effect.] 

[The  effect  of  the  vaso-molor  nerves  on  the  blood-vessels,  and  conseqoenilj 


I ,  Normal  blood-preuure  tracing  in  a  d<^.  2,  Fall  of  the  blood-prcKUre  alter  mOmb  of  v 
bulb.  3,  (-I-),  faradic  stimnlition  of  the  peripheral  end  of  the  divided  cord.  Si'''''' 
and  stibuqueol  (all  of  the  blood-preuoic  after  cessatioD  of  the  wimiilarion. 

of  temperature  in  the  superficial  parts.  The  rise  of  the  blood -ptessuie  tjke 
place  gradually,  and  remains  at  a  certain  level  (equal  in  this  experiment  to  n 
cm.  Hg).  At  4  the  stimulation  ceases,  and  after  a  short  period  the  pnamt 
falls  (fig.  590,  5),  and  continues  to  fall  until  it  is  lower  at  the  outset  of  itt 
experiment  (fig.  590,  1).] 

O.  Naumann  found  that  weak  electrical  slimutatioD  of  the  ikio  caased  >1  fini  ctaln'i'' 
of  the  blood-vessels,  especiallj  of  the  mesenleiy,  lungs,  and  the  web,  with  simaltviKnl  ettft 
ineol  of  Ihe  cardiac  aetivily  and  acceleration  of  the  circulation  (ftxi).  Strong  fflimili, ^"^ 
ever,  had  an  opposite  effect,  i'.;.,  a  depressor  effect,  with  smultineous  decrease  of  ibe  cu^ 
actiTily,  Griltiner  and  Heidetihain  found  that  contact  with  the  skin  cansed  ■  F*"" 
effect,  while  painful  impressions  produced  no  effect.  The  application  of  heat  and  CoW  W  * 
skin  produces  reileily  a  change  m  the  lumen  of  Ihe  blood-vessels  and  in  the  canliacHin(> 
Ufoirig,  fVinterni/t).  Pinching  the  skin  causes  contraction  of  the  vemels  of  the  pia  "*"" 
the  rabbit  (JfAfc'/iT),  and  the  same  result  was  produced  by  a  warm  bath,  while  cold  cBWoi  « 
vessels.  These  results  are  due  partly  10  pressor  and  partly  to  depressor  eflects.  but  tbcdK) 
cause  of  the  ditataiion  of  the  blood-vessels  is  the  increased  blood -pressure  due  to  theo'd  M 
stricling  the  cutaneous  vessels.  Heal,  of  course,  has  the  opposite  effect  In  man,  iiit««««" 
applied  to  sensory  ner»ei,  produce  an  effect ;  feeble  cutaneous  stimuli,  tickling  (even  ai^*""" 
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odon.  biner  or  add  tastes,  optical  and  acouMJc  stimuli)  at  the  part  where  tbej  are  applied,  cause 
1  Ul  of  the  cutaneous  temperature,  and  diminution  of  the  volume  or  the  corresponding  liml>, 
umetimei  increase  of  the  general  biood-pressure  and  change  of  tbe  heart-beat.  The  opposite 
(fleets  are  produced  by  painful  slimulatiou,  (he  action  of  beat  (and  even  I)y  pleasant  odors  and 
tveet  tastes).  Tbe  former  cause  shnultaneously  dilatation  of  the  cerebral  vessels  and  increase 
tiK  Tucnlar  contents  of  the  skull,— the  latter  cause  the  opposite  result!  {/siomatiow  anJ 
Torikamff). 

Depressor  fibres,  i.e.,  fibres  whose  stimulation  diminishes  the  activity  of 
the  vaso-motor  centre,  are  present  in  many  nerves.  They  are  specially 
numerous  in  the  superior  cardiac  branch  of  the  vagus,  which  is  known  as 
the  depressor  nerve  (§  352,  6).  [When  the  central  end  of  the  depressor 
nerve  is  stimulated  in  the  rabbit,  after  a  rather  long  latent  period  there  is  a 
steady  fall  of  the  blood -pressure.  This  is  due  to  the  afferent  impulses  passing 
up  the  depressor  nerve  and  through  the  vagus  to  the  vaso-motor  centre  in  the 
biilb.  The  vaso-motor  action  of  the  bulb  is  thereby  diminished,  so  that  there 
is  dilatation  of  the  blood-vessels,  especially  of  the  splanchnic  area  of  blood- 
vessels in  the  abdomen,  and  this  great  dilatation  of  blood-vessels  in  the  abdo- 
men is  consequently  followed  by  a  steady  and  marked  fall  of  the  blood -pressure 
(fig-  S9I)-] 

Tbe  tmnk  nf  the  vacnis  belnw  thc^  nrictin  nf  thp  d<^nrp<i<mr  9l<vi  mnlainig  nthpr 


Fsll  of  tbe  blood-pressure  u 

also  act  as  depressors,  during  strong  expiratory  elTorts  (§  74).  Moreover, 
Hering  found  that  inflating  the  lungs  (to  50  mm.  Hg  pressure)  caused  a  fall  of 
the  blood-pressure  (and  also  accelerated  the  heart-beats — |  369,  II).  Stimu* 
lation  of  the  central  end  of  sensory  nerves,  especially  when  it  is  intense  and 
long  continued,  causes  dilatation  of  the  blood-vessels  in  the  area  supplied  by 
thera  {Lffvin).  According  to  Latschenberger  and  Deahna,  all  sensory  nerves 
contain  both  pressor  and  depressor  fibres. 

[If  a  rabbit  be  poisoned  with  curare,  and  the  central  end  of  the  great 
auricular  nerve  be  stimulated,  there  is  a  double  effect — one  local  and  the 
other  general;  the  blood-vessels  throughout  the  body,  but  especially  in  the 
splanchnic  area,  contract,  so  that  there  is  a  general  rise  of  the  blood -pressure, 
while  the  blood-vessels  of  the  ear  are  dilated.  If  the  central  end  of  the  tibial 
nerve  be  stimulated,  there  is  a  rise  of  the  general  blood -pressure,  btit  a  local 
dilatation  of  the  saphena  artery  in  the  limb  of  that  side  {Loven).  Again,  the 
temperature  of  one  hand  and  the  condition  of  its  blood-vessels  influence  that 
of  the  other.  If  one  hand  be  dipped  in  cold  water,  the  temperature  of  the 
other  hand  falls.  Thus,  pressor  and  depressor  effects  may  be  obtained  from 
the  same  nerve.  The  vaso-motor  centre,  therefore,  primarily  regulates  the 
condition  of  the  blood-vessels,  but  through  them  it  obtains  its  importance 
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by  regulating  and  controlling  the  blood-supply  according  to  the  needs  of  an 
organ.] 

The  central  artery  of  a  rabbit's  ear  contracts  regularly  and  rhythmically  3  to  5  tima  per 
minute.  SchifT  observed  that  stimulation  of  sensory  nerves  caused  a  dilatadoa  of  the  aitery, 
which  was  preceded  by  a  slight  temporary  constriction. 

Depressor  effects  are  produced  in  the  area  of  an  artery  on  which  direct  pressure  is  made,  as 
occurs,  for  example,  when  the  sphygmograph  is  applied  for  a  long  time — the  palse-csrvcs 
become  larger,  and  there  are  signs  of  diminished  arterial  tension  (2  75). 

Rh3rthmical  Contraction  of  Arteries. — In  the  intact  body  slow  alter- 
nating contraction  and  dilatation,  without  a  uniform  rhythm,  have  been 
observed  in  the  arteries  of  the  ear  of  the  rabbit,  the  membrane  of  a  bat's  wing, 
and  the  web  of  a  frog's  foot.  This  arrangement,  observed  by  Schiff,  supplies 
more  or  less  blood  to  the  parts,  according  to  the  action  of  external  conditions. 
It  has  been  called  a  **  periodic  regulatory  vascular  movement."  This 
movement  may  be  useful  when  a  vessel  is  occluded,  as  after  ligature,  and  may 
help  tQ  establish  more  rapidly  the  collateral  circulation.  Stefani  has  shown 
that  this  occurs  with  more  difficulty  after  section  of  the  nerves. 

Direct,  local  applications  may  influence  the  lumen  of  the  blood-vessels; 
cold  and  moderate  electrical  stimuli  cause  contraction ;  while,  cod- 
versely,  heat  and  strong  mechanical  or  electrical  stimuli  cause  dilata- 
tion, although  with  the  last  two  there  is  usually  a  preliminary  constriction. 

Drugs. — Almost  all  the  digitalis  group  of  substances  cause  constriction ;  qohiiBe  ifid 
salicin  constrict  the  splenic  ve^s.  The  other  febrifuges  dilate  the  vesseb  ( Th^muam^  See 
p.  112. 

Effect  on  Temperature. — The  vaso-motor  nerves  influence  the  tempaa- 
ture,  not  only  of  individual  parts,  but  of  the  whole  body. 

I.  Local  Effects. — Section  of  a  peripheral  vaso-motor  nerve,  ^.^.,  the 
cervical  sympathetic,  is  followed  by  dilatation  of  the  blood-vessels  of  tk 
parts  supplied  by  it  (such  as  the  ear  of  the  rabbit),  the  intra^arterial  pftssore 
dilating  the ,  paralyzed  walls  of  the  vessels.  Much  arterial  blood,  therefore, 
passes  into  and  causes  congestion  and  redness  of  the  parts,  or  hypersemia,  whUe, 
at  the  same  time,  the  temperature  is  increased.  There  is  also  bcreascd 
transudation  through  the  dilated  capillaries  within  the  dilated  areas;  the 
velocity  of  the  blG<>d-stream  is  of  course  diminished,  and  the  blood-pressore 
increased.  The  pulse  is  also  felt  more  easily,  because  the  blood-vessels  are 
dilated.  Owing  to  the  increase  of  the  blood-stream,  the  blood  may  flow  from 
the  veins  almost  arterial  (bright  red)  in  its  characters,  and  the  poise  may  crca 
be  propagated  into  the  veins,  so  that  the  blood  spouts  from  them  \Cl.  Bcmsrd)^ 
Stimulation  of  the  peripheral  end  of  a  vaso-motor  nerve  causes  the  oppositt 
results — pallor,  owing  to  contraction  of  the  vessels,  diminished  transodatioBt 
and  fall  of  the  temperature  on  the  surface.  The  smaller  arteries  may  contnct 
so  much  that  their  lumen  is  almost  obliterated.  Continued  stimulation  ultt- 
mately  exhausts  the  nerve,  and  causes  at  the  same  time  the  phenomena  « 
paralysis  of  the  vascular  wall. 

Secondary  Results. — The  immediate  results  of  paralysis  of  the  yaso-motor  nerves  lead  t> 
other  effects ;  the  paralysis  of  the  muscles  of  the  blood-yessels  must  lead  to  coagesrioo  of  t^ 
blood  in  the  part ;  the  blood  moves  more  slowly,  so  that  the  parts  in  contact  with  the  ur  coc^ 
more  easily,  and  hence  the  first  stage  of  increase  of  the  temperature  may  be  followed  by  tf*^ 
of  the  temperature.  The  ear  of  a  rabbit  with  the  sympathetic  divided,  after  seveiml  w«eb 
becomes  cooler  than  the  ear  on  the  sound  one.  If  in  man  the  motor  muscular  ncrrcs,  as  vefi 
as  the  vaso-motor  fibres,  are  paralyzed,  then  the  paralyzed  limb  becomes  cooler,  becane  ^ 
paralyzed  muscles  no  longer  contract  to  aid  in  the  production  of  heat  {I  338),  and  also  becwot 
the  dilatation  of  the  muscular  arteries,  which  accompanies  a  muscular  coniractioa,  is  absni 
Should  atrophy  of  the  paralyzed  muscles  set  in,  the  blood-vessels  also  become  smaller.  H«a. 
paralyzed  limbs  in  man  generally  become  cooler  as  time  goes  on.     The  primary  effect,  bowefer. 
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in  a  limb,  e.g,^  after  section  of  the  sciatic  or  lesion  of  the  brachial  plexus,  is  an  increase  of  the 
temperature. 

If,  at  the  same  time,  the  vaso-motor  nerves  of  a  large  area  of  the  skin  be 
paralyzed,  e.g.y  the  lower  half  of  the  body  after  section  of  the  spinal  cord, 
then  so  much  heat  is  given  off  from  the  dilated  blood-vessels  that  either  the 
warming  of  the  skin  lasts  for  a  very  short  time  and  to  a  slight  degree,  or  there 
may  be  cooling  at  once.  Some  observers  (Tscheischichin^  Naunyn^  Quincke) 
have  recorded  a  rise  of  the  temperature  after  section  of  the  cervical  spinal 
cord,  but  Riegel  did  not  observe  this  increase. 

3.  Effect  on  the  Temperature  of  the  Body. — Stimulation  or  paralysis 
of  the  vaso-motor  nerves  of  a  small  area  has  practically  no  effect  on  the  gen- 
eral temperature  of  the  body.  If,  however,  the  vaso-motor  nerves  of  a  consid^ 
erable  area  of  the  skin  be  suddenly  paralyzed,  then  the  temperature  of  the 
entire  body  falls,  because  more  heat  is  given  off  from  the  dilated  vessels  than 
under  normal  circumstances.  This  occurs  when  the  spinal  cord  is  divided 
high  up  in  the  neck.  The  inhalation  of  a  few  drops  of  amyl  nitrite,  which 
dilates  the  blood-vessels  of  the  skin,  causes  a  fall  of  the  temperature  {Sasseizki 
and  Manasseln).  Conversely,  stimulation  of  the  vaso-motor  nerves  of  a  large 
area  increases  the  temperature,  because  the  constricted  vessels  give  off  less 
heat.  The  temperature  in  fever  may  be  partly  explained  in  this  way 
(§  220,  4). 

The  activity  of  the  heart,  /.  e,^  the  number  and  energy  of  the  cardiac 
contractions,  is  influenced  by  the  condition  of  the  vaso-motor  nerves.  When 
a  large  vaso-motor  area  is  paralyzed,  the  blood-channels  are  dilated,  so  that 
the  blood  do^  not  flow  to  the  heart  at  the  usual  rate  and  in  the  usual  amount, 
as  the  pressure  is  considerably  diminished.  Hence,  the  heart  executes  ex- 
tremely small  and  feeble  contractions.  Strieker  observed  that  the  heart  of  a 
dog  ceased  to  beat  on  extirpating  the  spinal  cord  from  the  ist  cervical  to  the 
8th  dorsal  vertebra.  Conversely,  we  know  that  stimulation  of  a  large  vaso- 
motor area,  by  constricting  the  blood-vessels,  raises  the  arterial  blood-pressure 
considerably.  As  the  arterial  presBure* affects  the 'pressure  within  the  left  ven- 
tricle, it  may  act  as  a  mechanical  stimulus  to  the  cardiac  wall,  and  increase  the 
cardiac  contractions  both  in  number  and  strength.  Hence,  the  circulation  is 
accelerated  {Heidenhain,  Slavjansky), 

Splanchnic  Area. — ^By  £ar  the  largest  vaso-motor  area  in  the  body  is  that 
controlled  by  the  splanchnic  nerves,  as  they  supply  the  blood-vessels  of  the 
abdomen  (§  161);  hence,  stimulation  of  their  peripheral  ends  is  followed  by  a 
great  rise  of  the  blood-pressure.  When  they  are  divided,  there  is  such  a  fall 
of  the  blood-pressure  that  other  parts  of  the  body  become  more  or  less  anaemic, 
and  the  animal  may  even  die  from  '^  being  bled  into  its  own  belly,"  /'.  e,,  from 
what  has  been  called  ^'intravascular  hemorrhage."  Animals  whose 
portal  vein  is  ligatured  die  for  the  same  reason  (C  Ludwigand  Thiry)  [see 
§  87].  The  capacity  of  the  vascular  sjrstem,  depending  as  it  does  in  part  upon 
the  condition  of  the  vaso-motor  nerves,  influences  the  body-weight  Stimulation 
of  certain  vascular  areas  may  cause  the  rapid  excretion  of  water,  and  we  may 
thus  account  in  part  for  the  diminution  of  the  body-weight  which  has  been 
sometimes  observed  after  an  epileptic  attack  terminating  with  polyuria. 

Trophic  Disturbances  sometimes  occur  after  affections  of  the  vaso-motor  nerves  {\  343,  II,  c), 
ParaljTsis  of  the  vaso-motor  nerves  not  only  causes  dilatation  of  the  blood-vessels  and  local 
tDcresse  of  the  blood-pressure,  but  it  may  also  cause  increased  transudation  through  the  capil- 
laries [2  203].  When  the  active  contraction  of  the  muscles  is  abolished,  the  blood -stream  at 
the  same  time  becomes  lower,  and  in  some  cases  the  skin  becomes  livid,  owing  to  the  venous 
congestion.  There  b  a  diminution  of  the  normal  transpiration,  and  the  epidermis  may  be  dry 
and  peel  off  in  scales.  The  growth  of  the  hair  and  nails  may  be  affected  by  the  congestion 
of  blood,  and  other  tissues  may  also  suffer. 
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Vaso-motor  Centres  in  the  Spinal  Cord. — Besides  the  domiDatiog 
centre  in  the  medulla  oblongata,  the  blood-vessels  are  acted  upon  by  ioccU  ot 
subordinate  vaso-motor  centres  in  the  gray  matter  of  the  spinal  cord^  as  is  proved 
by  the  following  observations :  If  the  spinal  cord  of  an  animal  be  divi<kd, 
then  all  the  blood-vessels  supplied  by  vaso-motor  nerves  below  the  point  of 
section  are  paralyzed  as  the  vaso-motor  fibres  proceed  from  the  medulla  obloD- 
gata.  If  the  animal  lives,  the  blood-vessels  regain  their  tone  and  their  fornw 
calibre,  while  the  rhythmical  movements  of  their  muscular  walls  are  ascribed 
to  the  subordinate  centres  in  the  lower  part  of  the  spinal  cord  {Lister ^  GoiHj— 

§  362,  7). 

The  subordinate  spinal  centres  may,  farther,  be  stimulated  directly  by  dyspoceic  \koL 
and  also  reflexly,  in  the  rabbit  and  frog  {Ustimowiisch).  After  destmction  of  the  medolU 
oblongata,  the  arteries  of  the  frog's  web  still  contract  reflexly  when  the  sensory  nerves  of  the  biad 
leg  are  stimulated  {Putnam ^  Nussbaum^  Vulpian),  In  the  dog,  opposite  the  3d  to  6ih  dorsal 
nerve  is  a  spinal  vaso-motor  centre  (origin  of  the  splanchnic),  which  can  be  excited  refiexh 
(Smimow)i  and  there  is  a  similar  one  in  the  lower  part  of  the  spinal  cord  (  Vutpum), 

If  the  lower  divided  part  of  the  cord  be  crushed^  the  blood-vessels  again 
dilate,  owing  to  the  destruction  of  the  subordinate  centres.  In  aninials  whk^ 
survive  this  operation,  the  vessels  of  the  paralyzed  parts  gradually  recover  tbdr 
normal  diameter  and  rhythmical  movements.  This  effect  is  ascribed  to  gangU^ 
which  are  supposed  to  exist  along  the  course  of  the  vessels.  [It  is  to  be  recol- 
lected that  the  existence  of  these  peripheral  nervous  mechanisms  has  not  beec 
proved.]  These  ganglia  [or  peripheral  nervous  mechanisms]  might  be  coon- 
pared  to  the  ganglia  of  the  heart,  and  seem  by  themselves  cap>able  of  sustainiitg 
the  movements  of  the  vascular  wall.  Even  the  blood-vessels  of  an  excised 
kidney  exhibit  periodic  variations  of  their  calibre  (C  Ludwig  and  Mossd),  It 
is  important  to  observe  that  the  walls  of  the  blood-vessels  contract  as  soon  as 
the  blood  becomes  highly  venous.  Hence,  the  blood  vessels  offer  a  greater 
resistance  to  the  passage  of  venous  than  of  arterial  blood  (C  Ludwig).  Never- 
theless, the  blood-vessels,  although  they  recover  part  of  their  tone  and  mobility, 
never  do  so  completely. 

The  effects  of  direct  mechanical,  chemical,  and  electrical  stimuli  on  blood-vesseb  may  be  doe 
to  their  action  qn  these  peripheral  nervous  mechanisms.  The  arteries  may  contrmot  so  ikc& 
as  almost  to  disappear,  but  sometimes  dilatation  follows  the  primary  stimulus. 

Lewaschew  found  that  limbs  in  which  the  vaso-motor  fibres  had  undergone  degencntoc 
reacted,  like  intact  limbs,  to  variations  of  temperature;  heat  relaxed  the  vessels,  and  cdd  oca- 
stricted  them.  It  is,  however,  doubtful  if  the  variations  of  the  vascular  lumen  depend  opaa 
the  stimulation  of  the  peripheral  nervous  mechanisms.  Amyl  nitrite  and  digitalis  are 
to  act  on  those  h3rpothetical  mechanisms. 

The  pulsating  veins  in  the  bat's  wing  still  continue  to  beat  after  section  of  all  their 
which  is  in  favor  of  the  existence  of  local  p>eripheral  nervous  mechanisms  {Luchsir^er^  Sthf  \. 

Influence  of  the  Cerebrum. — The  cerebrum  influences  the  vaso-motor 
centre,  as  is  proved  by  the  sudden  pallor  that  accompanies  some  psychical  coDdi> 
tions,  such  as  fright  or  terror.  There  is  a  centre  in  the  gray  matter  of  tbc 
cerebrum  where  stimulation  causes  cooling  of  the  opposite  side  of  the  body. 

Although  there  is  one  general  vaso-motor  centre  in  the  medulla  oblongati, 
which  influences  a// the  blood- vessels  of  the  body,  it  is  really  a  complex  camfi- 
site  centre,  consisting  of  a  number  of  closely  aggregated  centres,  each  of  which 
presides  over  a  particular  vascular  area.  We  know  somethings  e.  g.,  of  tbc 
hepatic  (§  175)  and  r//?^/ centres  (§  276). 

Many  poisons  excite  the  vaso- motor  nerves,  such  as  ergotin,  tannic  add,  copaiba,  and  cofceto; 
oi\\tT^  first  excUe  and  then  paralyze,  ^.^.,  chloral  hydrate,  morphia,  laudano8lo,veratrhi,Dicodi. 
Calabar  bean,  alcohol ;  others  rapidly  paratyu  them,  e.  g.^  amyl  nitrite,  CO  (|  17),  atrofitK, 
muscarin.  The  paralytic  action  of  the  poison  is  proved  by  the  fi&ct  that,  after  sectioo  of  tbe 
vagi  and  accelerantes,  neither  the  pressor  nor  the  depressor  nerves,  when  stimulated,  prodace 
any  etTect.     Many  pathological  infective  agents  affect  the  vaso-motor  nerves. 
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The  veins  are  also  influenced  by  vaso-motor  nerves,  and  so  are  the  lym- 
phatics, but  we  know  very  little  about  this  condition. 

[Tonus  of  the  Portal  Vein. — The  portal  vein  is  certftinly  supplied  by  many  nerve-fibres 
(Mall)f  and  it  seems  to  be  endowed  with  a  marked  tonus,  for  it  is  capable  of  accommodating 
itself  either  to  a  very  large  or  a  very  small  quantity  of'  blood,  in  fact  it  can  diminbh  its  capacity 
tenfold  {/CroneckerY] 

Pathological. — The  angio- neuroses,  or  nervous  affections  of  blood-vessels,  form  a  most 
important  group  of  diseases.  The  parts  primarily  affected  may  be  either  the  peripheral  nervous 
mechanisms,  the  subordinate  centres  in  the  cord,  the  dominating  centre  in  the  medulla,  or  the 
gray  matter  of  the  cerebrum.  The  effect  may  be  direct  or  reflex.  The  dilatation  of  the  vessels 
may  also  be  due  to  stimulation  of  vaso-dilator  nerves,  and  the  physician  must  be  careful  to 
distinguish  whether  the  result  is  due  to  paralysis  of  the  vaso-constrictor  nerves  or  stimulation  of 
the  vaso-diiator  fibres. 

Angio-neurosis  of  the  skin  occurs  in  affections  of  the  vaso-rootor  nerves,  either  as  a  diffuse 
redness  or  pallor ;  or  there  may  be  circumscribed  affections.  Sometimes  owing  to  the  stimula- 
tion of  individual  vaso- motor  nerves,  there  are  local  cutaneous  arterio-spasms  (Notknagel),  In 
certain  acute  febrile  attacks — after  previous  initial  violent  stimulation  of  the  vaso-motor  i)erves, 
especially  during  the  cold  stage  of  fever — there  may  be  different  forms  of  paralytic  phenomena 
of  the  cutaneous  vessels.  In  some  cases  of  epilepsy  in  man,  Trousseau  observed  irregular,  red, 
angio-paralytic  patches  (t Aches  c^rebrales).  Continued  strong  stimulation  may  lead  to 
interruption  of  the  circulation,  which  may  result  in  gangrene  of  the  skin  and  deeper-seated 
parts  (  Weus). 

Hemicrania,  due  to  unilateral  spasm  of  the  branches  of  the  carotid  on  the  head,  is  accom- 
panied by  severe  headache  (Z>»  j9<7u-^0'm('M</).  The  cervical  sympathetic  nerve  is  intensely 
stimulated — a  pale,  collapsed,  and  cool  side  of  the  face,  contraction  of  the  temporal  artery  like 
a  firm  whip-cord,  dilatation  of  the  pupil,  secretion  of  thick  saliva,  are  sure  signs  of  this  affec- 
tion. This  form  may  be  followed  by  the  opposite  condition  of  paralysis  of  the  cervical  sympa- 
thetic, where  the  effects  are  reversed.     Sometimes  the  two  conditions  may  alternate. 

Basedow's  disease  is  a  remarkable  condition,  in  which  the  vaso-motor  nerves  are  concerned; 
the  heart  beats  very  rapidly  (90  to  129-200  beats  per  minute),  causing  palpitation;  there  is 
swelling  of  the  thyroid  gland  (struma),  and  projection  of  the  eyeballs  Texophthalmos),  with 
imperfectly  co-ordinated  movements  of  the  upper  eyelid,  whereby  the  plane  of  vision  b  raised 
or  lowered.  Perhaps  in  this  disease  we  have  to  deal  with  a  simultaneous  stimulation  of  the 
accelerans  cordis  ({  370),  the  motor  fibres  of  Miiller's  muscles  of  the  orbit  and  eyelids  ({  347, 1), 
as  well  as  of  the  vaso-dilators  of  the  thyroid  gland.  The  disease  may  be  due  to  direct  stimula- 
tion of  the  sympathetic  channels  or  their  spinal  origins,  or  it  may  be  referred  to  some  reflex  cause. 
It  has  also  been  explained,  however,  thus,  that  the  exophthalmos  and  struma  are  the  consequence 
of  vaso-motor  paralysis,  which  results  in  enlargement  of  the  blood-vessels,  while  the.  increased 
cardiac  action  is  a  sign  of  the  diminished  or  arrested  inhibitory  action  of  the  vagus.  All  these 
phenomena  may  be  caused,  according  to  Filehne,  by  injury  to  the  upper  part  of  t>oth  restiform 
bodies  in  rabbits. 

Visceral  Angio-Neuroses. — The  occurrence  of  sudden  hyperaemia  with  transudations  and 
eccbymoses  in  some  thoracic  or  abdominal  organs  may  have  a  neurotic  basis.  As  already  men- 
tioned, injury  to  the  pons,  corpus  striatum,  and  optic  thalamus  may  give  rise  to  hypersemia,  and 
ecchymoses  in  the  lungs,  pleurae,  intestines,  and  kidneys.  According  to  Brown-S6quard,  com- 
pression or  section  of  one-half  of  the  pons  causes  ecchymoses,  especially  in  the  lung  of  the 
opposite  side ;  he  also  observed  ecchymoses  in  the  renal  capsule  after  injury  of  the  lumbar 
portion  of  the  spinal  cord  ({  379). 

The  dependence  of  diabetes  mellitus  upon  injury  to  the  vaso-motor  nerves  is  referred  to  in 
2  175 ;  the  action  of  the  vasomotor  nerves  on  the  secretion  of  urine  in  {  276;  and  fever  in 
I  220. 

372.  VASO-DILATOR  CENTRE  AND  NERVES.— Although  a 
vaso-dilator  centre  has  not  been  definitely  proved  to  exist  in  the  medulla, 
still  its  existence  there  has  been  surmised.  Its  action  is  opposed  to  that  of  the 
vaso-motor  centre.  The  centre  is  certainly  not  a  continuous  or  tonic  state  of 
excitement.  The  vaso-dilator  nerves  behave  in  their  functions  similarly  to  the 
cardiac  branches  of  the  vagus ;  both,  when  stimulated,  cause  relaxation  and 
rest  {Schiffy  CI,  Bernard^,  Hence,  these  nerves  have  been  called  vaso- 
inhibitory,  vaso-hypotonic,  or  vaso-dilator  nerves.  Dyspnoeic  blood 
stimulates  this  centre  as  well  as  the  vaso-motor  centre,  so  that  the  cutaneous 
vessels  are  dilated,  while  simultaneously  the  vessels  of  the  internal  organs  are 
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contracted  and  the  organs  anaemic,  owing  to  the  stimulation  of  their  vaso- 
motor centre  {Dastre  and  Marat),  Nicotin  is  a  powerful  excitant  of  the  vaso- 
dilator nerves  i^Ostraumoff)\  it  raises  the  temperature  of  the  foot  (dog),  and 
increases  the  formation  of  lymph  {Rogowicz), 

[The  existence  of  vaso-dilator  nerves  is  assumed  in  accordance  with 
sucli  facts  as  the  following :  If  the  chorda  tympani  be  divided,  there  is  no 
change  in  the  blood-vessels  of  the  sub-maxillary  gland ;  but  if  its  peripheral 
end  be  stimulated,  in  addition  to  other  results  (§  145),  there  is  dilatation  of 
the  blood-vessels  of  the  sub-maxillary  gland,  so  that  the  veins  of  this  gland  dis- 
charge bright  florid  blood,  and,  indeed,  the  vein  may  spout  like  an  artery. 
Similarly,  if  the  nervi  erigentes  be  divided,  there  b  no  effect  on  the  blood- 
vessels of  the  penis  (§  362,  4)  \  but  if  tYitix peripheral  ends  be  stimulated  with 
Faradic  electricity,  the  sinuses  of  the  corpora  cavernosa  dilate,  become  filled 
with  blood,  and  erection  takes  place  (§  436).  Other  examples  in  muscle  and 
elsewhere  are  referred  to  below.]  • 

Course  of  the  Vaso- Dilator  Nerves. — To  some  organs  they  pass  as  special  nerres — to 
other  parts  of  the  body,  however,  they  proceed  along  with  the  Taso-motor  and  other  nerres. 
According  to  Dastre  and  Morat,  the  vaso-dilator  nerves  for  the  bucco-labial  region  (doe)  pass 
out  from  the  cord  by  the  ist  to  die  3d  dorsal  nerves,  and  go  through  the  rami  commumcantes 
into  the  sympathetic,  then  to  the  superior  cervical  ganglion,  and  lastly  through  the  carotid  ind 
inter-carotid  plexus  into  the  trigeminus.  [The  fibres  occur  in  the  posterior  segment  of  the  ring 
of  Vieussens,  and  if  they  be  stimulated  there  is  dilatation  of  the  vessels  in  the  lip  and  cheek  on 
that  side.  The  maxillary  branch  of  the  trigeminus,  however,  also  contains  vaso-dilator  fibres 
proper  to  itself  (Laffont).  In  the  gray  matter  of  the  cord  there  is  a  special  subordinate  centre 
for  the  vaso-dilator  fibres  of  the  bucco-labial  regiop.  This  centre  may  be  acted  on  reflexly  hj 
stimulation  of  the  vagus,  especially  its  pulmonary  Wanches,  and  even  by  stimulating  the  sciatic 
nerve.  The  ear  receives  its  nerves  fit>m  the  ist  dorsal  and  lowest  cervical  ganglion^  the  upper 
limb  from  the  thoracic  portion,  and  the  lower  limb  from  the  abdominal  portion  of  the  sym- 
pathetic. The  vaso-dilator  fibres  run  to  the  sub-maxillary  and  sub-lingual  glands,  and  also 
to  the  anterior  part  of  the  tongue  in  the  chorda  tympani  ({  349,  4),  while  those  for  the  pos- 
terior part  of  the  tongue  run  in  the  glosso-pharyngeal  nerve  (}  35i>  4  —  Vulpian).  The  vaso- 
dilator fibres  for  the  kidneys  are  contained  chiefly  in  the  lower  dorsal  and  upper  lumbar  nerves 
(2  276).  SlimulaHon  of  the  nervi  erigentes  proceeding  from  the  sacral  plexus  causes  dilata- 
tion of  the  arteries  of  the  penis,  together  with  congestion  of  the  corpora  cavernosa  ({  436) 
(Eckhardf  Lovin).  Eckhard  found  that  erection  of  the  p>enis  can  be  produced  by  stimuh&a 
of  the  spinal  cord  and  of  the  pons  as  far  as  the  peduncles,  which  may  explain  the  phenomenoo 
of  priapism  in  connection  with  pathological  irritations  in  these  regions.  The  muscles  receive 
the  vaso-dilator  fibres  for  their  vessels  through  the  trunks  of  the  motor  nerves.  Stimulaiiem.  «/ 
a  motor  nerve  or  the  spinal  cord  causes  not  only  contraction  of  the  corresponding  muscles,  \M, 
also  dilatation  of  their  blood-vessels  ({  294,  II — C  Ludwig  and  Sctelkaw^  Najix,  Gaikell) — 
the  dilatation  of  the  vessels  taking  place  even  when  the  muscle  is  prevented  nom  sbortenmg. 

SGaskell  observed  under  the  microscop>e  the  dilatation  produced  by  stimulation  of  the  ncrre  to 
le  mylo-hyoid  muscle  of  the  frog.]    The  vaso-dilator  nerve-fibres  remain  meduliated  up  to  their 
terminal  ganglion  {^Gaskell). 

The  vaso-dilators  (like  the  vaso-motors,  p.  862)  also  have  subordinate 
centres  in  the  spinal  cord,  e.  g.,  the  fibres  of  the  labio-buccal  region  at  the 
isf  to  3d  dorsal  vertebrae.  This  centre  may  be  influenced  refiexly  through  the 
pulmonary  fibres  of  the  vagus,  and  also  through  the  sciatic  {Laffont^  Smirmntf). 
According  to  Holtz,  a  similar  centre  lies  in  the  lowest  part  of  the  cord,  whidi 
may  be  afiected  refiexly  through  the  nerves  of  the  intestines  (^Pai). 

Goltz  showed  that,  in  the  nerves  to  the  limbs  {e,g.^  in  the  sciatic  nenre 
or  nerves  of  the  brachial  plexus),  the  vaso-motor  and  vaso-dilator  fibres  lie  side 
by  side  in  the  same  nerve.  If  the  peripheral  end  of  the  sciatic  nerve  be  stimu- 
lated immediately  after  it  is  divided,  the  action  of  the  vaso- constrictor  fibres 
overcomes  that  of  the  dilators.  If  the  peripheral  end  be  stimulated  4  to  6 
days  after  the  section,  when  the  vaso-constrictors  have  lost  their  excitability, 
the  blood-vessels  dilate  under  the  action  of  the  vaso-dilator  fibres.  Stimuiiy 
which  are  applied  at  long  intervals  to  the  nerve ^  act  especially  on  the  vaso-dilator 
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fibres;  while  tetanizing  stimuli  act  on  the  vasa-motors.  The  latent  period  of  the 
vaso-dilators  is  longer^  and  they  are  more  easily  exhausted  than  the  vaso-motors 
{Bowditch  and  JVarren).  The  sciatic  nerve  receives  both  kfa^ds  of  fibres  from 
the  sympathetic.  It  is  assumed  that  the  peripheral  nervous  mechanisms  in 
connection  with  the  blood-vessels  are  influenced  by  both  kinds  of  vascular 
nerves ;  the  vaso-motors  (constrictors)  increase,  while  the  vaso-dilators  dimin- 
ish the  activity  of  these  mechanisms  or  ganglia.  [It  is,  however,  possible  to 
explain  their  effects  by  supposing  that  they  act  directly  upon  the  muscular 
fibres  of  the  blood-vessels,  without  the  intervention  of  any  nervous  ganglionic 
structures.] 

[The  vaso-dilator  fibres  arise  within  the  central  nervous  system,  but  they 
present  a  marked  contrast  to  the  vaso-constrictor  fibres  in  many  respects,  some 
of  which  have  already  been  stated.  While  the  vaso-constrictors  arise  firom  a 
limited  but  extensive  area  of  the  cord  (§  356),  the  vaso-dilators,  at  least  so  far 
as  they  have  been  investigated,  are  said  to  arise  from  a  wide  area,  which, 
unlike  that  of  the  vaso-constrictors,  is  not  limited  chiefly  to  the  thoracic  region 
of  the  cord,  but  on  the  contrary,  there  is  a  copious  outflow  of  these  nerve- 
fibres  from  the  cranial  and  sacral  regions  of  the  central  nervous  system.  In 
fact,  it  would  seem  that  vaso-dilator  fibres  arise  from  all  parts  of  the  spinal  cord. 
As  to  the  course  of  these  fibres,  it  is  to  be  noted  that  in  several  respects  this 
differs  from  that  of  the  vaso-constrictors.  As  already  stated,  the  latter  consists 
of  fine  meduliated  fibres  (1.8  ai  to  3.5  ^t)  which  become  non-medullated  in  the 
ganglia  of  the  sympathetic  system.  The  vaso-dilators,  however,  appear  to  fol- 
low a  more  direct  course — and  they  also  are  fine  rtiedullated  fibres  as  they  leave 
the  cord  by  the  anterior  roots — but  they  present  this  difference,  that  they  run 
as  meduliated  fibres  to  the  organs  in  which  they  are  di3tributed,  where  they 
become  non-medullated.]  ) 

[Section  of  the  spinal  cord  high  up  in  the  neck  causes,  of  course,  a  greiit  £elU  of  the  blood- 
pressure,  owing  to  the  division  of  the  vaso- motor  nerves.  In  the  dog  the  pressure  may  fall  to 
30-40  mm.  Hg.  Afler  isolation  of  the  cord,  in  rabbits  alone,  stimulatioii  of  t^e  central  end  of 
a  sensoiy  nerve  causes  a  rise  of  the  blood-pressure ;  in  dogs,  however,  under  the  same  con- 
ditions, the  blood-pressure  ^i/r.  Dyspnoeic  blood  also  causes  a  rise  of  the  blood-pressure,  which 
is  preceded  by  a  fall  ( UsHmowitck),  This  reflex  fall  of  the  blood-pressure  takes  place  after 
section  of  the  splanchnics,  and  the  nerves  to  the  extremities,  but  it  does  not  take  place  if  the 
spinal  cord  be  divided  at  the  lumbar  or  lower  dorsal  region.  If  the  cord  be  divided  in  the 
lower  dorsal  region  stimulation  of  the  brachial  plexus  has  no  effect,  while  the  £ei11  occurs  after 
stimulation  of  the  central  end  of  the  sciatic.  These  experiments  indicate  that  the  vaso  dilator 
nerves  which  cause  the  fall  of  the  blood-pressure  arise  in  the  lower  part  of  the  spinal  cord 
(lumbar),  and  that  they  are  probably  contained  in  the  visceral  nerves  and  not  in  those  fw  the 
extremities  (TTiayer  and  Pal),'] 

In  the  muscles  of  the  face,  paralyzed  by  extirpation  of  the  facial  nerve, 
stimulation  of  the  ring  of  Vieussens  causes  pseudo-motor  contractions  of  these 
muscles,  just  as  stimulation  of  the  chorda  tympani  causes  such  contractions  in 
the  paralyzed  tongue  (§  349,  4),  after  section  of  the  hypoglossal  nerve  {Rogo- 
^vicz). 

In  analyzing  the  vascular  phenomena  resuldng  from  experiments  on  these  nerves,  we  must  be 
very  carehil  to  determine  whether  the  dilatation  is  the  result  of  stimulation  of  the  vaso-dilators , 
or  a  consequence  of  paralysis  of  the  vaso-constrictors.  Psychical  conditions  act  upon  the  vaso- 
dilator nerves — the  blush  of  shame,  which  is  not  confin^  to  the  face,  but  may  even  extend 
over  the  whole  skin,  is  probably  due  to  stimulation  of  the  vaso-dilator  centre. 

Influence  on  Temperature. — The  vaso-dilator  nerves  obviously  have  a  considerable  influ- 
ence on  the  temperature  of  the  body  and  on  the  heat  of  the  individual  parts  of  the  body.  Both 
vascular  centres  must  act  as  important  regulatory  mechanisms  for  the  radiation  of  heat  through 
tbe  cutaneous  vessels  ^2  214,  II).  Probably  they  are  kept  in  activity  reflexly  by  sensory  nerves. 
X>S8turbsmces  in  their  function  may  lead  to  an  abnormal  accumulation  of  heat,  as  in  fever  (J  220), 
or  to  abnormal  cooling  ({  213,  7).  Some  observers,  however,  assume  the  existence  of  an  intra- 
cranial *•  heat-regulating  centre"  ( Tschetschichin^  Naunyn,  Quincke).    According  to  Wood, 
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separation  of  the  medulla  oblongata  from  the  pons  causes  an  increased  radiation  and  a  dimin- 
ished production  of  heat,  due  to  the  cutting  off  of  the  influences  from  the  heat-regniiti^ 
centre  (J  377). 

373.    SPASM-CENTRE— SWEAT-CENTRE.— Spasm-Ccntre. 

— ^In  the  medulla  oblongata,  just  where  it  joins  the  pons,  there  is  a  centre,  whose 
stimulation  causes  general  spasms.  The  centre  may  be  excited  by  suddenl? 
producing  a  highly  venous  condition  of  the  blood  (''  asphyxia  spasms*'),  in 
cases  of  drowning  in  mammals  (but  not  in  frogs),  sudden  anaemia  of  the 
medulla  oblongata,  either  in  consequence  of  hemorrhage  or  ligature  of  bodi 
carotids  and  subclavians  {Kussmaul  and  Tenner)^  and  lastly,  by  sudden  ?enoQ5 
stagnation  caused  by  compressing  the  veins  coming  from  the  head.  In  al! 
these  cases,  the  stimulation  of  the  centre  is  due  to  the  sudden  inierruptum  tf 
the  normal  exchange  of  the  gases.  When  these  factors  act  quite  graduallr, 
death  may  take  place  without  convulsions.  Direct  stimulation  by  means  of 
chemical  substances  (ammonia  carbonate,  potash,  and  soda  salts,  etc.)  ^plicd 
to  the  medulla,  quickly  causes  general  convulsions  {PapelUef),  Intense  direct 
mechanical  %\\xsixi\2X\oxi  of  the  medulla,  as  by  its  sudden  destruction,  causes  gen- 
eral convulsions. 


Position. — NoChnagel  attempted  by  direct  stimulation  to  map  out  the  position  of  the 
centre  in  rabbits ;  it  extends  fit>m  the  area  above  the  ala  cinerea  upwards  to  the  coqx>ra  qoidii- 
gemina.  It  is  limited  externally  by  the  locus  ccernlens  and  the  tuberculum  acusticiim.  Ib  tk 
m>g,  it  lies  in  the  lower  half  of  the  4th  ventricle  {Heubel).  The  centre  is  aflSccted  in  cxtensfe 
refkx  spasms  ({  364, 6),  ^./.,  in  poisoning  with  strychnin  and  in  hydiophobta. 

Drugs. — Many  inoi^ganic  and  organic  poisons,  most  cardiac  poisons,  nicoCin,  pkroloiiB, 
ammonia  {\  277),  and  the  compounds  of  barium  cause  death  after  produciDg  conTulflODs,  bf 
acting  on  the  spasm-centre  (R5ber,  Hmbel^  Bdhm), 

If  the  arteries  going  to  the  brain  be  ligatured  so  as  to  paralyze  the  medulla  obloi^ita,  da, 
on  ligaturing  the  abdominal  aorta,  spasms  of  the  lower  limbs  occur,  owing  to  tl|e  ameak 
stimulation  of  the  motor  ganglia  of  Uie  spinal  cord  {Sigm.  Mayer). 

Pathological — Epilepsy. — Schrdder  van  der  Kolk  found  the  blood-vends  of  the  obloagiti 
dflated  and  increased  in  cases  of  epilepsy.  Brown-S6qnard  observed  that  injury  to  the  ceBtni 
or  peripheral  nervous  system  (q>inal  cord,  oblongata,  peduncle,  corpora  qsadrigemiBa,  wami 
nerve)  of  guinea-pigs  produced  epilepsy,  and  this  condition  even  became  hereditary.  StiaBli- 
tion  of  the  cheek  or  of  the  fiice,  '*  epileptic  sone,"  on  the  same  side  as  the  injwy  (^linal  cord-, 
caused  at  once  an  attack  of  epilepsy;  but  when  the  peduncle  was  injured,  the  opposite  side  ms 
be  stimulated.  W^phal  made  guinea-pigs  epileptic  by  repeated  light  blows  on  the  sknU,  aad 
this  condition  also  became  hereditary.  In  these  cases  there  was  efiusion  of  blood  in  the  aml^ 
oblongata  and  upper  part  of  the  spinal  cord  ({{  375  and  378,  I).  Direct  stlmnlaticB  of  ^ 
cerebram  also  produces  epileptic  convulsions.  Strong  electrical  stimnlatiOB  of  the  motor  areas 
of  the  cortex  cerebri  is  often  followed  by  an  epileptic  attack  ({  375).  [It  is  no  vnfreqsot 
occurrence  while  one  is  stimulating  electrically  the  motor  areas  of  the  cortex  cerebri  of  a  dcf ,  ts 
find  the  animal  exhibiting  symptoms  of  local  or  general  epilepsy.] 

Sweat-Centre. — ^A  dominating  centre  for  the  secretion  of  the  siveat  of 
the  entire  surface  of  the  body  (§  289,  II) — with  subordinate  spinal  centres 
(§  362,  8) — occurs  in  the  medulla  oblongata  {AdamkiewicZf  MamU^  ^enprocki''^ 
It  is  double,  and  in  rare  cases  the  excitability  is  unequal  on  the  two  sides,  is  £» 
manifested  by  unilateral  perspiration  (§  289,  2), 

[Drugs. — Calabar  bean,  nicotin,  picrotoxin,  camphor,  and  ammonium  acetate,  caose  a  seoe- 
tion  of  sweat  by  acting  directly  on  the  sweat-centre.  Muscarin  causes  local  stimulation  of  tbe 
peripheral  sweat-fibres — it  causes  sweating  of  the  hind  limbs  after  section  of  the  sciatic  nerves^ 
Atropin  arrests  the  action  of  muscarin  {Otty  fVood,  Fields  Nawrocki).^ 

[Regeneration  of  the  Spinal  Cord. — In  some  animals,  true  nervous  matter  is  reprodaced 
after  part  of  the  spinal  cord  has  been  destroyed,  at  least  this  is  so  in  tritons  and  Kisds  \B. 
Muller\  In  these  animals,  when  the  tail  is  removed,  it  is  reproduced,  and  MQller  found  tte  £ 
part  of  the  spinal  cord  corresponding  to  the  new  part  of  the  tail  is  reproduced.  MorphotegicaB^. 
the  elements  were  the  same,  but  the  spinal  nerves  were  not  reproduced,  while  phyaokgic^. 
the  new  nerve-substance  was  not  functionally  active ;  it  corresponds,  as  it  were,  to  a  lower  il*gc 
of  development.  According  to  Masius  and  Vaulair,  an  excised  portion  of  the  spinal  cord  of  a 
frog  is  reproduced  after  six  months;  while  Brown-S^qnard  maintuns  that  re-union  of  the  divi^ 
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surfaces  of  the  cord  takes  place  in  pigeons  after  six  to  fifteen  months.  A  partial  re-union  is 
asserted  to  occur  in  dogs  by  Dentan,  Naunyn,  and  Eichhorst,  although  Schieferdecker  obtained 
only  negative  results,  the  divided  ends  being  united  only  by  connective-tissue  {Sckwa/dg),'\ 

3y4.-.pSYCHICAL  FUNCTIONS  OF  THE  BRAIN.— The  hemi- 
spheres  of  the  cerebrum  are  usually  said  to  be  the  sea/  of  all  the  psychical  activi- 
ties. Only  when  they  are  intact  are  the  processes  of  thinking,  feeling,  and  willing 
possible.  After  they  are  destroyed,  the  organism  comes  to  be  like  a  complicated 
machine,  and  its  whole  activity  is  only  the  expression  of  the  external  and  internal 
stimuli  which  act  upon  it.  The  psychical  activities  appear  to  be  located  in  both 
hemispheres,  so  that  after  destruction  of  a  considerable  part  of  one  of  them, 
the  other  seems  to  act  in  place  of  the  part  destroyed.  [Objection  has  been 
taken  to  the  term  the  "seat  of"  the  will  and  intelligence,  and  undoubtedly  it 
is  more  consistent  with  what  we  know,  or  rather  do  not  know,  to  say  that  the 
existence  of  volition  and  intelligence  is  dependent  on  the  connection  of  the 
cerebral  cortex  with  the  rest  of  the  brain.] 

[That  a  certain  condition  of  the  cerebral  hemispheres  is  necessary  for  the 
manifestation  of  the  intellectual  Acuities  is  admitted  on  all  hands ;  for  compres- 
sion of  the  brain,  e.g,<,  by  a  depressed  fracture  of  the  skull,  and  sudden  cessa- 
tion of  die  supply  of  blood  to  the  brain,  abolish  consciousness.  The  intellec- 
tual faculties  are  affected  by  inflammation  of  the  meninges  involving  the 
surface  of  the  brain,  the  action  of  drugs  affects  the  intelllectual  and  ot^er  facul- 
ties j  but  while  all  this  is  admitted  we  cannot  say  precisely  upon  what  parts  of 
the  brain  ideation  depends.] 

[Tlie  pre^frotital  area,  or  the  convolations  in  front  of  the  ascending  frontal  supplied  by  tfae 
anterior  cerebral  artery,  are  somefttmcft  regarded  as  the  anatomical  substratum  of  certain  mental 
acts.  At  any  rate,  electrical  stimolation  of  these  parts  is  not  f<^wed  by  muscular  motion,  and, 
according  to  Ferrier,  if  this  region  be  extirpated  in  the  monkey,  there  is  no  motor  or  sensory 
disturbance  in  this  animal ;  it  still  exhibits  emotional  feeling,  all  its  special  senses  remain,  and 
the  power  of  voluntary  motion  is  retained ;  but,  nevertheless,  there  is  a  decided  alteration  in  the 
animal's  ciiaracter  and  behavior,  so  that  it  exhibits  considerable  peydiologtcal  alterations,  and, 
•coording  to  Ferrier,  *<  it  has  lost  to  all  appearance  the  faculty  of  attention  and  intelligent  obaer- 
vation."] 

Observations  on  Man. — Cases  in  which  considerable  unilateral  lesions  or  destruction  of  one 
hemisphere  have  taken  place,  without  the  psychical  activities  appearing  to  suffer,  sometimes 
occur.    The  following  is  a  case  communicated  by  Longet :     A  boy,  16  years  of  age,  had  his 
parietal  bone  fractured  by  a  stone  falling  on  it,  so  that  part  of  the  protruding  brain-matter  had 
to  be  removed.    On  reapplying  the  bandages,  more  brain-matter  bad  to  be  removed.    After  18 
days  he  fell  out  of  bed,  and  more  brain-matter  protruded,  which  was  removed.    On  the  35th 
day  he  got  intoxicated,  tore  off  the  bandages,  and  with  them  a  part  of  the  brain-matter.     After 
his  recovery  the  boy  still  retained  his  intelligence,  but  he  was  hemiplegic.     Even  when  both 
hemispheres  are  moderately  destroyed,  the  intelligence  appears  to  be  intact ;  thus,  Trousseau  de- 
scribes the  case  of  an  officer  whose  fore-brain  was  pierced  transversely  by  a  bullet.      There  was 
scarcely  tsxy  appearance  of  his  mental  or  bodily  faculties  being  affected.   In  other  cases,  destruc- 
tion of  parts  of  the  brain  peculiarly  alters  the  character.     We  must  be  extremely  careful,  how- 
ever, in  forming  conclusions  in  all  snch  cases.   [In  the  celebrated  **  American  crowbar  case  ** 
recorded  by  Bigelow,  a  young  man  was  hit  by  a  bar  of  iron  i  ^  inch  in  diameter,  which  tra- 
versed the  anterior  part  of  the  left  hemisphere,  going  clean  out  at  the  top  of  hb  head.    This 
man  lived  for  thirteen  years  without  any  permanent  alterations  of  motor  or  sensory  functions ; 
but  ^  the  man's  disposition  and  character  were  observed  to  have  undergone  a  serious  change. 
There  were,  however,  some  changes  which  might  be  referable  to  injury  to  the  frontal  region." 
In  all  cases  it  is  most  important  to  know  both  the  exact  site  and  the  extent  of  the  lesion.     Ross 
p>oints  out  that  the  characteristic  features  of  lesions  in  the  pre- frontal  cortical  region  are  afforded 
by  "  psychical  disturbances,  consisting  of  dementia,  apathy,  and  somnolency."] 

Imperfect  Development  of  the  Cerebrum. — Microcephalia  and  hydrocephalus  yield 
every  result  between  diminution  of  the  psychical  activities  and  idiocy.  Extensive  inflammation, 
degeneration,  pressure,  anaemia  of  the  blood-vessels,  and  the  actions  of  many  poisons  produce  the 
same  effect. 

Plourens'  Doctrine. — Flourens'  assumed  that  the  whole  of  the  cerebrum  is  concerned  in 
every  psychical  process.  From  his  experiments  on  pigeons,  he  concluded  that  if  a  small  part  of 
the  hemispheres  remained  intact,  it  was  sufficient  for  the  manifestation  of  the  mental  functions ; 
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Just  in  proportion  as  the  gray  matter  of  the  hemispheres  b  removed,  all  the  functions  of  the  cere- 
brum are  enfeebled,  and  when  all  the  gray  matter  is  removed  all  the  functioDs  are  aboliihfd 
According  to  this  view,  neither  the  different  faculties  nor  the  different  percepiioQsare  localixedio 
special  areas.  Goltz  holds  a  somewhat  similar  view  to  that  of  Flourens.  He  assumes  that  if 
an  uninjured  part  of  the  cerebrum  remain,  it  can  to  a  certain  extent  perform  the  functions  of  the 
parts  that  have  been  removed.  This^Vulpian  has  called  the  law  of  **  fanctional  substitotioQ  ^ 
(loi  de  suppl^ance). 

The  phrenological  doctrine  of  Gall  (f  1828)  and  Spurzheim  assumes  that  the  diffiereot 
mental  faculties  are  located  in  different  parts  of  the  brain,  and  it  b  assumed  that  a  large 
development  of  a  particular  organ  may  be  detected  by  examining  the  external  configuratioD  of  the 
head  (Cranioscopy). 

Removal  of  the  Cerebrum. — After  the  removal  of  both  cerebral  hemi- 
spheres, in  most  animals,  every  voluntary  movement  and  consciousness  of  im- 
pressions, and  sensory  perception  and  signs  of  intelligent  volition,  appear  to 
cease.  On  the  other  hand,  the  whole  mechanical  movements  and  the  mainteD- 
ance  of  the  equilibrium  of  the  movements  are  retained.  The  maintenance 
of  the  equilibrium  depends  upon  the  mid-brain,  and  is  regulated  by  important 
reflex  channels  (§  379). 

Sudden  cessation  of  the  circulation  in  the  brain,  e.g,^  by  decapitation,  is  followed  at  once  bf 
cessation  of  the  mental  faculties.  When  Hayem  and  Barrier  perfused  the  blood  (»f  a  boise 
through  the  carotids  of  a  decapitated  dog's  head,  the  head  showed  signs  of  consciousneas  for  10 
seconds,  but  not  longer. 

The  mid-brain  (corpora  quadrigemina)  is  connected  not  only  with  the  gny 
matter  of  the  spinal  cord  and  medulla  oblongata,  the  seat  of  extensive  rdkx 
mechanisms  (§  367),  but  it  also  receives  fibres  coming  from  the  higher  organs  of 
sense,  which  also  excite  movements  reflexly.  The  corpora  quadrigemina  are  also 
supposed  to  contain  a  reflex  inhibitory  apparatus  (§361,  2).  The  joint  action 
of  all  these  parts  makes  the  corpora  quadrigemina  one  of  the  most  important 
organs  for  the  harmonious  execution  of  movements,  and  this  even  in  a  higher 
degree  than  the  medulla  oblongata  itself  {Goltz),  Animals  with  their  corpora 
quadrigemina  intact  retain  the  equilibrium  of  their  bodies  under  the  mos 
varied  conditions,  but  they  lose  this  power  as  soon  as  the  mid-brain  is  destro}ed 
{Goltz),  Christiani  locates  the  co-ordinating  centre  for  the  change  of  pbcc 
and  the  maintenance  of  the  equilibrium,  in  mammals,  in  front  of  the  inspiratory 
centre  in  the  3d  ventricle  (§  368). 

That  impressions  from  the  skin  and  sense-organs  are  concerned  ic 
the  maintenance  of  the  equilibrium  is  proved  by  the  following  facts :  A 
frog  without  its  cerebrum  at  once  loses  its  power  of  balancing  itself  as  soon  as 
the  skin  is  removed  from  its  hind  limbs.  The  action  of  impressions  commc- 
nicated  through  the  eyes  is  proved  by  the  difficulty  or  impossibility  of  main- 
taining the  equilibrium  in  nystagmus  (§  350),  and  by  the  vertigo  which  often 
accompanies  paralysis  of  the  external  ocular  muscles.  In  persons  whosr 
cutaneous  sensibility  is  diminished,  the  eyes  are  the  chief  organs  for  the  main 
tenance  of  the  equilibrium  ;  they  fall  over  when  the  eyes  are  closed.  [Thb  b 
well  illustrated  in  cases  of  locomotor  ataxia  (p.  818).] 

Frog  ^vithout  cerebrum. — A  frog  with  its  cerebrum  or  cerebral  gangita 
(fig.  592,  i)  removed  retains  its  power  of  maintaining  its  equilibrium.  It  cac 
sit,  spring,  or  execute  complicated  co-ordinated  movements  when  appropriate 
stimuli  are  applied  ;  when  placed  on  its  back,  it  immediately  turns  into  its  nor- 
mal position  on  its  belly ;  if  stimulated  it  gives  one  or  two  springs,  and  tber. 
comes  to  rest ;  when  thrown  into  water,  it  swims  to  the  margin  of  the  vessel, 
and  it  may  crawl  up  the  side,  and  sit  passive  upon  the  edge  of  the  vessel. 
When  incited  to  move,  it  exhibits  the  most  complete  harmony  and  unity  in  all 
its  movements.  Unless  it  is  stimulated,  it  does  not  make  independent,  voJon- 
tary,  purposive  movements.     It  continues  to  sit  in  the  same  place,  it  takes  do 
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foody  it  shows  no  symptoms  of  fear,  and  ultimately,  if  left  alone,  it  becomes 
desiccated  like  a  mummy  on  the  spot  where  it  sits.  [If  the  flanks  of  such  a 
frog  be  stroked,  it  croaks  with  the  utmost  regularity  according  to  the  number  of 
times  it  is  stroked.  Langendorff  has  shown  that  a  frog  croaks  under  the  same 
circumstances  when  both  optic  nerves  are  divided.  It  seems  to  be  influenced 
by  light,  provided  its  optic  lobes  be  uninjured ;  for,  if  an  object  be  placed  in 
front  of  it  so  as  to  throw  a  strong  shadow,  then  on  stimulating  the  frog  it  will 
spring  not  against  the  object,  a,  but  in  the  direction,  b  (fig.  593),  so  that  it 
seems  to  possess  some  kind  of  vision.  Steiner  finds  that  if  a  glass. plate  be 
substituted  for  an  opaque  object  like  a  book,  the  frog  always  jumps  against  this 
obstacle.  Its  balancing  movements  on  a  board  are  quite  remarkable  and 
acrobatic  in  character.  If  it  be  placed  on  a  board,  and  the  board  gently  in- 
clined (fig.'594)>  it  does  not  (all  off,  as  a  frog  with  only  its  spinal  cord  will  do, 
but  as  the  board  is  inclined,  so  as  to  alter  the  animal's  centre  of  gravity,  it  slowly 
crawls  up  the  board  until  it  reaches  such  a  position  that  its  equilibrium  is 
restored.  If  the  board  be  sloped  as  in  fig.  594,  it  will  crawl  up  until  it  sits  on 
the  edge,  and  if  the  board  be  still  further  tilted,  the  frog  will  move  as  indicated 
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Fig.  592.  Fig.  593.  Fig.  594.  Fig.  595. 

Fig.  592. — Brain  of  the  frog  seen  from  above.  O,  olfactory  lobe;  I,  cerebral  hemispheres;  2, 
opticlobes;  3,  cerebellom ;  4,  mednlla  oblongata.  Fig.  593. — Frog  without  its  cerebrum 
avoiding  an  object  placed  in  its  path.  Fig.  594. — Frog  without  its  cerebrum  moving  on  an 
inclined  board.  Fig.  595. — Brain  of  pigeon  seen  from  above.  O,  ol£eu:tory  lobe;  i, 
cerebral  hemispheres ;  2,  lateral  part  of  the  cerebellum ;  and  3,  its  central  part  or  vermis ; 
4,  medulla  oblongata. 

in  the  figure.  It  only  does  so,  however,  when  the  board  is  inclined,  and  it 
rests  as  soon  as  its  centre  of  gravity  is  restored.  It  responds  to  every  stimulus 
just  like  a  complex  machine,  answering  each  stimulus  with  an  appropriate  action, 
and  the  movements  come  to  an  end  when  the  stimulus  ceases.  It  has  been  found, 
however,  that  if  the  frog  be  kept  for  a  long  time,  in  spite  of  the  absence  of  re- 
generation of  the  cerebral  hemispheres,  there  is  a  tendency  for  what  may  be 
apparently  spontaneous  movements  to  show  themselves  occasionally.  But  still 
apparently  in  such  frogs  there  is  wanting  what  is  ordinarily  called  **  will."  The 
frog  without  its  cerebrum  possesses  all  the  nervous  and  other  mechanisms  required 
for  the  execution  of  many  complex  co-ordinated  movements,  but  it  seems  to 
want  the  power  of  voluntarily  originating  impulses  to  set  this  machine  in 
motion,  /.^.,  there  is  a  want  of  spontaneity  {^GoltZy  Steiner).  Schroder,  how- 
ever,  states  that  in  a  frog  deprived  of  its  cerebral  hemispheres  there  is  not  a 
complete  absence  of  spontaneity  nor  of  ability  to  feed  itself,  and  states  that 
such  frogs  may  bury  themselves  in  the  earth  at  the  beginning  of  winter  and  in 
summer  they  may  catch  flies.] 

A  pigeon  without  its  cerebral  hemispheres  (fig.  595)  becomes  drowsy,  dull, 
and  stupid,  and  behaves  in  a  passive  and  motionless  manner  (fig.  596).  When 
undisturbed  it  sits  continuously,  as  if  in  sleeps  but  when  stimulated,  it  exhibits 


g/O  EFFECTS  OF  REMOVING   THE  CEREBRUM.  [ScC.  374. 

complete  hannony  of  all  its  movemeots ;  it  can  walk,  fly,  perch,  and  bslance 

its  body  on  one  leg ;  there  is  no  paralysis.     [It  regains  its  position  if  put  on  its 

side  or  back.     When   flying  it  can 

imperfectly    avoid    obst&cles    in    in 

path.]     The  sensory  nerves  and  those 

of  special  sensation  conduct  impabes 

to  the  remaining  parts  of  (he  bnin, 

but  such  impuls^  only  discbarge  rt- 

flex   movements,   and    they  do  ixit 

appear  to  excite   conscioos  imprev 

sioDS.     The  bird  starts  when  a  [nsttd 

is  fired  close  to  its  ear ;  it  closes  its 

eyes  when  it  is  brought  near  a  Base, 

and   the    pupils  contract ;    it  tanu 

away  its  head  when  the  vapor  of  aiB- 

l'')e-  59^-  monia  is  applied  to  its  nostrils.    All 

PigeoQ  with  its  cerebral  hemispheres  removed,     these    impressions    are,   perhaps,  DOl 

perceived  as  conscious   perceptions. 

The  perceptive  faculties — the  will  and  memory — are  abolished  ;  the   animal 

never  takes  food  or  drinks  spontaneously.     Food  placed  at  the  back  port  of  its 

throat  is  swallowed  [reflex  act],  or  if  its  beak  be  plunged  in  corn  it  eats,  ind 

in  this  way  the  animal  may  be  maintained  alive  for  months  {J'itmreiu).     [In 

a  certain  number  of  cases  the  drowsy  condition  diminishes  or  may  even  pws 

off,  and  the  pigeon  may  exhibit  what  appear  to  be  spontaneous  roovemoils. 

but  still  these   movements  are  very  different  from  those  of  an  intact  bird. 

These  movements  are  not  necessarily  volitional.     It  never  flies  or  feeds  itsdf, 

although  placed  in  the  midst  of  plenty  of  food,  but  it  may  walk  aimlesly 

about  for  a  time,  and  then  resume  its  usually  stolid,  sleepy  attitude.] 

Fish  appear  to  behave  differently.  A  carp  with  its  cciebrum  removed  (^■ 
609,  VI,  1)  can  see  and  may  even  select  its  food,  and  seems  to  execute  iu 
movements  voluntarily  (Sieiner,  Vuipian). 


u^°Ii' 


Teleosteui  fishes,  if  the  homologues  of  the  cerebnl  gutglion  be  remorcd  toA  fiib  ^ 


IS  with  precision,  and  in  their  course  they  trtnd  obstacles,  as  if  still  p 
sense  of  riiion.  lo  them  also  there  is  apparently  not  ootnptete  absence  of  ^notsneily.  Tbn 
not  onl<r  see,  bat  thej  seek  their  food,  uid  on  discrimiiuile  tielweeo  different  kindi  of  food  a 
obiects  ihrowD  into  (he  vster.  It  eecms,  then,  (hat  luch  fisb  to  »ro«  extent  see.  disdagnii 
colors,  catch  prey,  direct  ils  mo*ementE,  tnit  il  is  more  impnlsiTe  and  less  csMioos  than  a  dodmI 
lish.  An  Elaimobranch  fish,  such  as  the  dog-fisb,  deprived  of  its  cerd>ral  gBnelioo,  it  qate 
unable  to  find  its  food,  became  removal  of  the  cerebruin  neceadtales  removal  of  tbe  oegiB  of 
smell  by  which  this  animal  it  guided  to  its  food.] 

Mammals,  owing  to  the  great  los  of  blood  consequent  on  rcmoral  of  the 
cerebrum,  are  not  well  suited  for  experiments  of  this  kind.  Immediately  after 
the  operation  rabbits  and  rats  show  signs  of  great  muscular  weakness.  What 
they  recover,  they  present  the  same  general  phenomena  as  are  observed  in  the 
pigeon.  When  stimulated  they  run,  as  it  wercr  blindfold,  against  an  obstade. 
Vuipian  heard  a  peculiar  shriek  or  cry  which  such  a  rabbit  makes  ander  the 
circumstances.  [They  regain  their  equilibrium  if  placed  on  their  side  ot 
back  ;  they  usually  remain  passive,  taking  no  heed  of  food  placed  within  their 
reach,  but  they  masticate  food  placed  in  their  mouth.]  Sometimes  evoi  in 
man  a  peculiar  cry  is  emitted  in  some  cases  of  pressure  or  inflammation  la- 
dering  the  cerebral  hemispheres  inactive. 

[The  d<^  does  not  survive  removal  of  the  whole  cerebrum  at  one  time,  but 
parts  of  the  cerebral  convolutions  have  been  removed  at  different  tine. 
Animals,  which  survive  the  operation  for  a  long  time,  can  execute  many  cod- 
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plicated  acts,  the  performance  of  their  ordinary  bodily  movements  being  only 
somewhat  interfered  with,  but  they  exhibit  signs  of  spontaneity  in  their  acts, 
which  lead  one  to  infer  that  they  still  possess  some  intelligence  and  volitional 
power.  It  is  plain  that  the  nervous  machinery  for  executing  most  or  all  of  the 
ordinary  movements  of  the  foregoing  animals  lies  in  some  part  of  the  nervous 
system  other  than  the  cerebral  hemispheres — probably  in  the  middle  and  hind 
brains]. 

[A  study  of  the  phenomena  exhibited  by  animals  deprived  of  their  cerebral 
lobes  goes  to  show  that  such  animals  not  only  maintain  all  their  organic  func- 
tions, but  they  still  possess  the  power  of  equilibration,  co-ordination  of 
locomotion,  some  degree  of  emotional  expression,  and  '^  adaptive  reactions  in 
accordance  with  impressions  made  upon  their  organs  of  sense*'  (^Ferrier),"] 

Observations  on  somnambulists  show  that  in  nian  also  complete  harmony 
of  all  movements  may  be  retained,  without  the  assistance  of  the  will  or 
conscious  impressions  and  perceptions.  As  a  matter  of  fact,  many  of  our 
ordinary  movements  are  accomplished  without  our  being  conscious  of  them. 
They  tsJce  place  under  the  guidance  of  the  basal  ganglia. 

The  degree  of  intelligence  in  the  animal  kingdom  is  in  relation  to  the  size  of  the 
cerebral  hemispheres,  in  proportion  to  the  mass  of  the  other  parts  of  the  central  nervous  system. 
Taking  the  brain  alone  into  consideration,  we  observe  that  those  animals  have  the  highest  intd- 
ligence  in  which  the  cerebral  hemispheres  greatly  exceed  the  mid-brain  in  weight.  The  mid- 
bnun  b  represented  by  the  optic  lobes  in  the  Tower  vertebrates,  and  by  the  corpora  quadrigemina 
in  the  higher  vertebrates.  In  fig.  609,  VI  represents  the  brain  of  a  carp ;  V,  of  a  frog ;  and 
IV  of  a  pigeon.  In  all  these  cases  i  indicates  the  cerebral  hemispheres ;  2,  the  optic  lob^ ;  3, 
the  cerebellum ;  and  4,  the  medulla  oblongata.  In  the  carp,  the  cerebral  hemispheres  are  smaller 
than  the  optic  lobes ;  in  the  frog  they  exceed  the  latter  in  size.  In  the  pigeon,  the  cerebrum 
begins  to  project  backward  over  the  cerebellum.  The  d^ree  of  intelligence  increases  in  these 
animals  in  this  proportion.  In  the  dog's  brain  (fig.  609,  II)  the  hemii^eres  completely  cover 
the  corpora  quadrigemina,  but  the  cerebellum  still  lies  behind  the  cerebrum.  In  man  the 
occipitid  lobes  of  the  cerebrum  completely  overlap  the  cerebellum  (fig.  606).  [The  projec- 
tion of  the  occipital  lobes  over  the  cerebellum  is  due  to  the  development  of  the  frontal  lobes 
pushing  backwards  the  convolutions  that  lie  behind  them,  and  not  entirely  to  increased  develop- 
ment of  the  occipital  lobes.] 

M eynert's  Theory. — According  to  Mmert,  we  may  represent  this  relation  in  another  way. 
As  is  known,  fibres  proceed  downwards  irom  the  cerebral  hemispheres,  through  the  crusta  or 
pes  of  the  cerebral  peduncle.  These  fibres  are  separated  from  the  upper  fibrn  or  tegmentum 
of  the  peduncle  by  the  locus  niger,  the  tegmentum  being  connected  with  the  corpora  quadrigemina 
and  the  opCic  thalamus.  The  larger,  therefore,  the  cerebral  hemispheres,  the  more  numerous 
will  be  the  fibres  proceeding  from  it.  In  fig.  564,  II,  is  a  transverse  section  of  the  posterior 
corpora  quadrigemina,  with  the  aqueduct  of  Sylvius  and  both  cerebral  peduncles  of  an  adult 
man ;  /,  /,  is  the  crusta  of  each  peduncle,  and  above  it  lies  the  locus  niger,  j.  Fig.  564,  IV, 
shows  the  same  parts  in  a  monkey;  III,  in  a  dog;  and  V,  in  a  guinea  pig.  The  crusta 
diminishes  in  the  above  series.  There  is  a  corresponding  diminution  of  the  cerebral  hemi- 
spheres, and^  at  the  same  time,  in  the  intelligence  of  the  corresponding  animals. 

Sulci  and  Qyri. — ^The  degree  of  intelligence  also  depends  upon  the  number  and  depth  of 
the  convolutions.  In  the  lowest  vertebrates  (fish,  frog,  bird)  the  furrows  or  sulci  are  absent 
(fig.  564,  IV,  V,  VI) ;  in  the  rabbit  there  are  two  shallow  furrows  on  each  side  (III).  The  dog 
has  a  completely  fuirowed  cerebrum  (I,  II).  Most  remarkable  is  the  complexity  of  the  sulci  and 
convolutions  of  the  cerebrum  of  the  elephant,  one  of  the  most  intelligent  of  animals.  Never- 
theless, some  very  stupid  animals,  as  the  ox,  have  very  complex  convolutions. 

The  absolute  weight  of  the  brain  cannot  be  taken  as  a  guide  to  the  intelligence.  The 
elephant  has  absolutely  the  heaviest  brain,  but  man  has  relatively  the  heaviest  brain.  [We  ought 
also  to  take  into  account  the  complexity  of  the  convolutions  and  the  depth  of  the  gray  matter, 
its  vascularity,  and  the  number  of  connections  between  its  nerve-cells.] 

Time  an  Element  in  all  Psychical  Processes. — Every  psychical  pro- 
cess requires  a  certain  time  for  its  occurrence — a  certain  time  always  elapses 
between  the  application  of  the  stimulus  and  the  conscious  reaction. 
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Nature  of  Stimulus. 


Shock  on  left  hand, 

Shock  on  forehead, 

Shock  on  toe  of  left  foot 

Sudden  noise, 

Visual  impression  of  electric  spark. 
Hearing  a  sound, 

Current  to  tongue  causing  taste. 

Saline  taste, 

Taste  of  sugar, 

"        acids, . 

"        quinine, 


Reaction  I'ime. 

Narae  of  Observer. 

.12 

i     Exner. 

•13 

Do. 

•«7 

Do. 

•13 

Do. 

•15 

Do. 

.16 

'     Donders. 

16 

f  ir.    Vintschgao  and 
,  \        HAnigacbmied. 

.  A  V/ 

•«5 

,                      Do. 

.16 

'                      Do. 

.16 

Do. 

•23 

Do. 

Reaction  Tiaie. — This  time.b  known  as  " reaction  timet*  &n<l  is  distinctly  longer  than  the 
simple  reflex  time  required  for  a  reflex  act  It  can  be  measured  by  causing  the  peraon  experi- 
mented on  to  indicate  by  means  of  an  electrical  signal  the  moment  when  tbe  stimulus  is 
applied.  The  reaction  time  consists  of  the  following  events  :  (i)  The  duration  0/ percefOm^ 
i,  e.y  when  we  become  conscious  of  the  impression;  ^2)  the  duration  of  the  time  required  to 
direct  the  attention  to  the  impression,  i.  e.,  the  duration  of  apperception  ;  and  (3)  the  duration 
of  the  voluntary  impulse^  together  with  (4)  the  time  required  for  conducting  the  impulse  in  the 
aflerent  nerves  to  the  centre,  and  (5)  the  time  for  the  impulse  to  travel  outwards  in  the  motor 
nerves.  If  the  signal  be  made  with  the  hand,  then  the  reaction  time  for  the  impressioo  of 
sound \!&o,\7fi  to  0,167  second;  for  taste,  0.15  to  0.23;  touch,  0.133  too.20t  secood  i^Hwr^K 
V,  Vintschgau  and  Honigschmied) ;  for  olfactoiy  impressions,  whidi,  of  couise,  def^ead  vpom 
many  conditions  (the  phase  of  respiration,  current  of  air),  0.2  to  0.5  second.  Intense  sdmnla- 
tion,  increased  attention,  practice,  expectation,  and  knowledge  of  the  kind  of  stimnlos  to  be 
applied)  9II  diminish  the  time.  Tactile  impressions  are  most  rapidly  perceived  when  they  are 
ai4>lied  to  the  most  sensitive  parts  (v.  Vintschgau),  The  time  is  increased  with  very  scrooc 
stimuli,  ^nd  when  objects  difficult  to  oe  distinguished  are  applied  (f .  HelmkoUz  and  Baxf).  The 
time  required  to  direct  the  attention  to  a  number  consisting  of  t  to  3  figures,  Tigentedt  aad 
Bergqui^  found  to  be  0.015  ^^  ^-^ZS  second.  Alcohol  and  the  anaesthetics  ^ter  the  time;  acoocd- 
ing  to  their  degree  of  action,  they  shorten  or  lengthen  it  iJCraplin),  In  order  that  two  diodes 
applied  after  each  other  be  distinguished  as  two  distinct  impressions,  a  certain  interval  na* 
elapse  between  the  two  shocks — for  the  ear,  0.002  to  0.0075  second ;  for  the  eye,  0.044  to  047 
second ;  for  the  finger,  0.277  second. 

[The  Dilemma. — When  a  person  is  experimented  on,  and  he  is  not  told  whether  the  right  oc 
left  side  is  to  be  stimulated,  or  what  colored  disc  may  be  presented  to  the  eye,  then  the  time  10 
respond  correctly  is  longer.] 

[Drugs  and  other  conditions  affect  the  reaction  time.  Ether  and  chloroform  lengthen  it, 
while  alcohol  does  the  same,  but  the  person  imagines  he  really  reacts  quicker.  Noises  also 
lengthen  it] 

In  sleep  and  waking,  we  observe  the  periodicity  of  the  active  and  passive  cotiditions  of  the 
brain.     During  sleep  there  is  diminished  excitability  of  the  whole  nervous  system,  which  b 
only  partly  doe  to  the  fatigue  of  afferent  nerves,  but  is  largely  due  to  the  condition  c^  the  cec- 
tral  nervous  system.    During  sleep,  we  require  to  apply  strong  stimuli  to  produce  reflex  acts.    U 
the  deepest  sleep  the  psychical  or  mental  processes  seem  to  l^  completely  in  abeyance,  so  &jtt  a 
person  asleep  might  be  compared  to  an  animal  with  its  cerebral  hemispheres  removed.     Tovirds 
the  approach  of  the  p>eriod  when  a  person  is  about  to  waken,  psychical  activity  may  manifest 
itself  m  the  form  of  dreams,  which  differ,  however  from  normal  mental  processes.    Tbev 
consist  either  of  impressions,  where  there  is  no  objective  cause  (hallucinations),  or  of  voloBtarr 
impulses  which  are  not  executed,  or  trains  of  thought  where  the  reasoning  and  judging  powen 
are  disturbed.    Often,  especially  near  the  time  of  waking,  the  actual  stimuli  may  so  act  as  to 
give  rise  to  impressions  which  become  mixed  with  the  thoughts  of  a  dream.     The  dimtni^hed 
activity  of  the  heart  ({  70,  3,  c\  the  respiration  ({  126,  4),  the  gastric  and  intestinal  movemei^ 
(2  213,  4),  the  fOTmation  of  heat  ({  216,  4),  and  the  secretions,  point  to  a  diminished  exdtafafler 
of  the  corresponding  nerve-centres,  and  the  diminished  reflex  excitability  to  a  correspondof 
condition  of  the  spinal  cord.    The  pupils  are  contracted  during  sleep,  the  deeper  the  latter  u : 
so  that  in  the  deepest  sleep  they  do  not  become  contracted  on  the  application  of  ligbL    The 
pupils  dilate  when  sensory  or  auditory  stimuli  are  applied,  and  the  lighter  the  sleep  the  more  is 
this  the  case;  they  are  widest  at  the  moment  of  awaking  {Piotke),     [Hughlings  Jackson fiads 
that  the  retina  is  more  anaemic  than  in  the  waking  state.]     During  sleep  there  seems  to  be  a 
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coDdUion  of  increased  action  of  certain  sphincter  muscles — those  for  contracting  the  pupil  and 
closing  the  eyelids  (Rosenbach),  The  soundness  of  the  sleep  may  be  determined  by  the  inten- 
sity of  the  sound  required  to  waken  a  person.  Kohlschiitter  found  that  at  first  sleep  deepens 
Tcry  Quickly,  then  more  slowly,  and  the  maximum  is  reached  after  one  hour  (according  to 
Mtanmghoff  and  Priesenbergen  after  ijj^  hour);  it  then  rapidly  lightens,  until  several  hours 
before  waking  it  is  very  light.  External  or  internal  stimuli  may  suddenly  diminish  the  depth  of 
the  sleep,  but  this  may  be  followed  again  by  deep  sleep.  The  deeper  the  sleep  the  longer  it  lasts. 
[Durham  asserts  that  the  brain  is  anaemic,  that  the  arteries  and  veins  of  the  pia  mater  are  con- 
tracted during  sleep  and  the  brain  smaller ;  but  is  this  cause  or  effect  ?] 

The  cause  of  sleep  is  the  using  up  of  the  potential  energy,  especially  in  the  central  nervous 
system,  which  renders  a  restitution  of  energy  necessary.  Perhaps  the  accumulation  of  the  de- 
composition-products of  the  nervous  activity  may  also  act  as  producers  of  sleep  (?  lactates — 
Preyer),  Sleep  cannot  be  kept  up  for  above  a  certain  time,  nor  can  it  be  interrupted  volunta- 
rily. Many  narcotics  rapidly  produce  sleep.  [The  *'  dlsastolic  phase  of  cerebral  activity,"  as  sleep 
has  been  called,  is  largely  dependent  on  the  absence  of  stimuli.  We  must  suppose  that  there 
are  two  factors,  one  central,  represented  by  the  excitability  of  the  cerebrum,  which  will  vary 
under  diflR^ent  conditions,  and  the  other  external,  represented  by  the  impulses  reaching  the  cere- 
brum (hrough  the  different  sense-organs.  We  know  that  a  tendency  to  sleep  is  favored  by  removal 
of  external  stimuli,  by  shutting  the  eyes,  retiring  to  a  quiet  place,  etc.  The  external  sensory  im- 
pressions,  indeed,  influence  the  whole  metabolism.  Strumpell  describes  the  case  of  a  boy  whose 
sensory  inlets  were  all  paralyzed  except  one  eye  and  one  ear,  and  when  these  inlets  were  closed 
the  boy  fell  asleep,  showing  how  intimately  the  waking  condition  is  bound  up  with  sensory  affer- 
ent impulses  reaching  the  cerebral  centres.] 

[Hypnotics,  such  as  opium,  morphia,  bromide  of  potassium,  chloral,  are  drugs  which  induce 
sleep.] 

Hypnotism,  or  Animal  Magnetism. — [Most  important  observations  on  this  subject  were  made 
by  Braid  of  Manchester,  whose  results  are  confirmed  by  many  of  the  recent  re-discoveries  of  Wein- 
hold,  Heidenhain,  and  others.]  Heidenhain  assumes  that  the  cause  of  this  condition  is  due  to 
an  inhibition  of  the  ganglionic  cells  of  the  cerebrum,  produced  by  continuous  feeble  stimulation 
of  the  fiice  (slightly  stroking  the  skin  or  electrical  applications),  or  of  the  optic  nerve  (as  by 
gazing  steadily  at  a  small  brilliant  object),  or  of  the  auditory  nerve  (by  uniform  sounds) ;  while 
sudden  and  strong  stimulation  of  the  same  nerves,  especially  blowing  upon  the  face,  abolishes 
the  condition.  Bei^er  attributes  great  importance  [as  did  Carpenter  and  Braid  long  ago]  to  the 
psychological  factor,  whereby  the  attention  was  directed  to  a  particular  part  of  the  body.  The 
facility  with  which  different  persotis  become  hypnotic  varies  very  greatly.  When  the  hypnotic 
condition  has  been  produced  a  number  of  times,  its  subsequent  occurrence  is  facilitated,  e.  g.y 
by  merely  pressing  upon  the  brow,  by  placing  the  body  passively  in  a  certain  position,  or  by 
stroking  the  skin.  In  some  people  the  mere  idea  of  the  condition  suffices.  A  hypnotized  per- 
son is  no  longer  able  to  open  his  eyelids  when  they  are  pressed  together.  This  is  followed  by 
spasm  of  the  apparatus  for  accommodation  in  the  eye,  the  range  of  accommodation  is  diminished, 
and  there  may  be  deviation  of  the  position  of  the  eyeballs ;  then  follow  phenomena  of  stimula- 
tiop  of  the  sympathetic  in  the  oblongata ;  dilatation  of  the  fissure  of  the  eyelids  and  the  pupil, 
exophthalmos,  and  increase  of  the  respiration  and  pulse.  At  a  certain  stage  there  may  be  a 
great  increase  in  the  sensitiveness  of  the  functions  of  the  sense-oigans,  and  also  of  the  muscular 
iensitality.  Afterwards  there  may  be  analgesia  of  the  part  stroked,  and  loss  of  taste;  the  sense 
>f  temperature  is  lost  less  readily,  and  still  later  that  of  sight,  of  smell,  and  of  hearing.  Owing 
o  the  abolition  or  suspension  of  consciousness,  stimuli  applied  to  the  sense-organs  do  not  pro- 
lace  conscious  impressions  or  perceptions.  But  stimuli  applied  to  the  sense-organs  of  a  hypno- 
ized  person  cause  movements,  which,  however,  are  unconscious,  although  they  stimulate  volun- 
ary  acts.  In  persons  with  greatly  increased  reflex  excitability,  voluntary  movements  may  excite 
eflex* spasms ;  the  person  may  be  unable  to  co-ordinate  his  organs  for  speech. 

Tjrpes. — According  to  GrUtzner,  there  are  several  forms  of  hypnotism:  (i)  Passive  sleeps 
vhere  words  are  still  understood,  which  occurs  especially  in  girls;  (2)  owing  to  the  increased 
eflex  excitability  of  the  striped  muscles,  certain  groups  of  muscles  may  be  contracted — a  condi- 
ion  which  may  last  for  days,  especially  in  strong  people ;  at  the  same  time  ataxia  may  occur, 
nd  the  muscles  may  fiul  to  perform  their  functions  (artificial  katalepsy).  During  the  stage 
f  lethargy  in  hysterical  persons,  the  tendon  reflexes  are  often  absent  ( Charcot  and  Richer) ;  (3) 
uionomy  at  caiiy  i.  e,,  the  h3rpnotized  person — in  most  cases  the  consciousness  is  still  retained — 
beys  a  command,  in  his  condition  of  light  sleep.  When  the  hand  is  grasped  or  the  head 
3X)ked,  he  executes  involuntary  movements — ^runs  about,  dances,  rides  on  a  stool,  and  the  like ; 
i)  JkaJlucinations  occur  only  in  some  individuals  when  they  waken  from  a  deep  sleep,  the 
allucinations  (usually  consisting  of  the  sensation  of  sparks  of  fire  or  odors)  being  very  strong 
od  well  pronounced;  (5)  imitation  is  rare,  ordinary  movements,  such  as  walking,  are  easily 
aitated,  the  finer  movements  occur  rarely.  The  **  echo-speech  "  is  produced  by  pressure  upon 
le  neck,  speaking  into  the  throat,  or  against  the  abdomen.  Pressure  over  the  right  eyebrow  often 
ihers  in  the  spe^h.    Color-sensation  is  suspended  by  placing  the  warm  hand  on  the  eye,  or  by 
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stroking  the  opposite  side  of  the  head  (CoAn),  Stroking  the  limbs  in  the  reverse  directioB 
gradually  removes  the  rigidity  of  the  limhs  and  causes  the  person  to  awaken.  Bk>wii^  on  a  put 
does  so  at  once.  Insane  persons  can  be  hypnotized.  Disagreeable  resaUs  foUov  only  wbeo  tbe 
condition  is  induced  too  often  and  too  continuously.  * 

H3rpnoti8m  in  Animals. — A  hen  remains  in  a  fixed  position  when  an  object  is  saddoilj 
placed  before  its  eyes,  or  when  a  straw  b  placed  over  its  beak^  or  when  the  bead  of  the  aobasl 
IS  pressed  on  the  ground  and  a  chalk  line  made  before  its  beak  (Kircher*s  expenmentiuB  Bin- 
bile,  1644).  [L«igley  has  hypnotized  a  crocodile.]  Birds,  rabbits,  and  finogs  remain  poBTc 
for  a  time  after  they  have  been  gently  stroked  on  the  back.  Crayfish  stand  on  their  had  aad 
claws  {CurmaJk), 

375.  STRUCTURE  OF  THE  CEREBRUM— MOTOR  COR- 
TICAL CENTRES.— [Cerebral  Convolution.— A  vertical  section  of  i 
cerebral  convolution  consists  of  a  thin  layer  of  gray  matter  externally  endosiog 
a  white  core  or  central  white  matter  (figs.  597,  598).  The  cortex  consists  cSf 
cells  and  fibres  embedded  in  a  ''  molecular  "  matrix,  and  to  some  of  the  DerT^ 
cells  nerve-fibres  proceed  from  the  white  matter.  The  nerve-cells  of  the  coi- 
tex  vary  in  size,  form,  and  distribution  in  the  different  layers  and  also  in  differ- 
ent convolutions.  [The  layers  of  cells  lie  more  or  less  pwdlel  to  the  sariace 
of  the  convolutions,  so  that  the  gray  matter  is  thereby  divided  into  a  serio  of 
zones  or  layers.  Usually  five  layers  can  be  recognized.  The  thickness  of  the 
gray  matter  is  about  3  mm.,  but  it  is  2  mm.  in  some  parts  of  the  occipital  lobe, 
and  4.2  mm.  in  some  parts  of  the  ascending  frontal  convolution.]  Takiag 
such  a  convolution  as  the  ascending  frontal  or  motor-area  type,  we  get  the 
appearances  shown  in  fig.  598.  It  is  covered  on  its  surface  by  the  pia  oMter. 
(i)  The  most  superficial  layer  is  narrow,  and  consists  of  much  neuroglia,  a 
network  of  branched  nerve-fibrils,  which  together  form  the  chief  mass  of  the 
abundant  molecular  ground-substance ;  a  few  scattered  small  multipolar  nent- 
cells,  and  a  layer  of  very  fine  medullated  nerve-fibres,  which  traverse  it  is  a 
horizontal  direction.  The  surface  of  the  layer  seems  to  consist  of  neuroffia 
alone.  (2)  Layer  of  small  p3rramidal  cells.  A  layer  (.25  mm.  to  .75 
mm.  in  thickness)  of  close-set,  sma//,  angular  or  short  pyramidal  turveHtUs, 
The  cells  are  pyramidal  and  small,  and  give  off  processes  which  ramify  and 
break  up  in  the  general  molecular  ground-substance  of  the  cortex.  It  h>s  not 
been  proved  that  they  possess  median  basilar  axis-cylinder  processes.  (3} 
Layer  of  large  pyramidal  cells.  The  thickest  layer  (.4  mm.  to  .1  mm.) 
or  '*  formation  of  the  cornu  ammonis,"  consists  of  many  layers  of  iarge  pjn- 
midal  cells i  which  are  larger  in  the  deeper  than  in  the  more  superficial  layeis. 
They  are  not  so  closely  packed  together,  as  many  granules  lie  between  tbem. 
At  the  lowest  part  of  this  layer  the  cells  are  larger  than  elsewhere,  presendeg 
some  resemblance  to  the  cells  of  the  anterior  cornu  of  the  gray  matter  of 
the  spinal  cord.  By  some  it  is  described  as  a  special  layer  and  termed  the 
ganglion-cell  layer.  This  layer  is  specially  well  marked  in  those  convolntioas 
which  are  described  as  containing  motor  centres,  but  pyramidal  cells  resembtisg 
these  are  found  over  the  whole  cortex.  The  cells  are  connected  by  their  txial* 
cylinder  process  to  white  nerve-fibres.  Amongst  the  large  cells  are  a  fcwamil 
angular-looking  cells,  which  become  more  numerous  lower  down.  (4)  The 
fourth  layer — z,  narrow  layer  (.35  mm.  to  .15  mm.)  is  composed  of  nmncr- 
ous  small,  branched,  irregular,  ganglionic  tells — the  ** granular formalisn'*  d 
Meynert.  In  the  motor  areas  mixed  with  these  are  \zrgt  pyramidal  cells,  dis- 
posed in  groups,  called  "cell-clusters."  This  layer  is  divided  like  the  suc- 
ceeding one  into  vertical  columns  by  the  groups  of  white  fibres  which  pes 
outwards  into  the  cortex  from  the  central  white  matter.  There  are  also  ifsv 
zontal  fine  medullated  fibres  in  it. 

(5)  The  fifth  layer  next  the  central  white  matter  (.1  mm.  thick),  and  frotn 
which  it  is  not  everywhere  sharply  defined,  contains  scattered  in  it  sjrindlc- 
shaped /wx^rw  branched  cells — the  claustriu  formation  of  Meynert — lying  for 
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Fig.  597. — Veitical  KCtion  of  >  mntoT  cerebral  coDrolotian  of  mao. 

layer  of  imall,  ood  3,  of  large  pyramidal  cells;  4,  granule  tbrmatioD  ;  5,  cl austral  forma- 
tioa;  m,  meduUs.  Fig.  593.— Cortex  of  motor  area  of  brain  of  monkey  (x  150).  I, 
superficial  layer  1  3,  tmdl  angular  cells;  3,  pyrumidal  celU;  4,  ganglioolc  cells  aad  cell- 
cltulen;  5,  fusiform  cells  {/>n-i>r,  after  Sevan  Leteis).  Fig,  599. — Cortex  of  occipital 
lobe.  I ,  superficial  layer ;  2,  imal]  angular  cells ;  3.  5,  pjmmidll  ceUsi  4,  gruiule  layer; 
6.  grannies  aAd  gangltonic  layer;  7,  qwdh-cclls  (FerrUr,  afler  Btvan  Lttois), 
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the  most  part  parallel  to  the  surface  of  the  convolution.  It  is  broken  up  into 
vertical  columns  by  the  white  fibres  proceeding  from  the  central  white  matter 
into  the  cortex.  Then  follows  the  central  ^vhite  matter  (m),  consisting  of 
medullated  nerve-fibres,  which  run  in  groups  into  the  gray  matter,  where  they 
lose  their  myelin.  The  fibres  are  somewhat  smaller  than  in  the  other  parts  of 
the  nervous  system  (diameter  y^^  inch),  and  between  them  lie  a  few  naclcar 
elements. 

It  will  be  seen  that  no  layer  is  composed  exclusively  of  one  form  of  cell.  la 
the  above,  which  represents  the  motor  type,  such  as  occurs  in  the  "  motor 
areas  "  of  the  brain,  the  layer  is  very  thick,  the  pyramidal  cells  which  it  con- 
tains are  both  large  and  nnmerous,  and  in  the  fourth  layer  there  are  very  lugt 
pyramidal  cells  (i  10  /i  to  50  n),  which  are  largest  at  the  upper  part  of  the  m- 
cending  ftontal  convolution.] 

[In  the  senBory  type,  as  in  the  occipital  lobe  (fig.  599),  the  first  aod  second 
layers  are  not  unlike  the  corresponding  layers  in  the  motor  type,  and  the  fun- 
form    cells    in    tbe 
seventh    layer    also 
resemble  the  latta. 
The   layer    of  pjTi- 
midal  ceils  (3)  is  not 
'It.    so    large,    while  its 
deeper     part,  sodk- 
timescalled  ibe"gaD- 
glion  -  cell      layer," 
contains     do    U^ 
cells.      (5)  EetwMB 
J!iJ  Fig.  600.  C.  Am.  the     two     is     {4»,   i 

Cortexortbeconiaui]moiu*(C.Atii.),>ndspartoftheFucUdeDlaU   layer  with   namcrocs 
[fd).     yii,  inferior  hora  of  the  Uteral  TeDlricle.     x  30-  angular   granulc-lil^c 

bodies  or  cells,  ibe 
"  granule- layer. "  The  abundance  of  these  small  "  nuclear  "  with  "angular' 
cells  is  the  chief  characteristic  of  the  occipital  region.  There  are  also  nnmcroai 
horizontal  medullated  fibres  in  the  fourth  layer.] 

[The  hippocampus  or  cornu  ammonis,  a  portion  of  the  cerebral  conei 
peculiarly  modified,  and  in  part  projecting  into  the  descending  horn  of  ri»e 
lateral  ventricle,  contains,  besides  alayerof  neuroglia  and  some  white  matter  on 
the  surface,  a  regular  series  of  pyramidal  cells  of  the  third  layer,  which  gi«  it 
a  characteristic  appearance.  This  is  the  part  which  varies  most.  The  foorti 
and  fifth  layers  are  small,  while  the  pyramidal  cells  of  the  third  layer  are  re- 
markably long  (fig.  600). 

[In  the  frontal  non-motor  region  the  third  layer  is  much  thinner  than  in  cbe 
motor  areas,  while  the  layer  of  fusiform  cells  is  well  developed.} 

[It  is  to  be  remembered  that  the  transition  from  one  type  to  the  other  take 
place  gradually  and  that  the  transition  from  one  anatomical  region  to  anotbc 
IS  very  gradual.] 

[Pyramidal  Cells  of  the  Cortex. — Each  cell  is  more  or  less  pyramidil  1 
in  shape,  granular  or  fibrillated  in  appearance  and  with  a  large  conspicnoos 
nucleus.  Each  cell  gives  ofT  several  processes — (a)  an  apical  process,  which 
is  often  very  long,  and  runs  towards  the  surface  of  the  cerebrum,  and  as  it  doe 
so  gives  off  lateral  processes,  which  break  up  into  fine  fibrils.  (^)  The  no- 
branched  axial  cylinder,  median  basilar  process,  which  is  an  axial  cytindrr 
process,  and  becotnes  continuous  with  the  axial  cylinder  of  a  nerve-fibre  of  the 
white  matter.  It  ultimately  becomes  invested  by  myelin.  Sometimes  the  axis- 
cylinder  process  divides  at  a  node  of  Ranvier,  like  the  T-shaped  fibtes  of  the 
spinal  ganglion,     (c)  The  lateral  processes  are  given  off  chiefly  near  the 
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base  of  the  cell,  aod  they  soon  branch  to  form  part  of  the  ground  plexus  or 
molecular  ground-substance  of  fibrils  which  everywhere  pervades  the  gray 


i' 


rig.  603.  Fig.  603. 

F'ig.  601. — PerivMcnItr  and  pericellular  Ijmph-spaces.  □,  upillicy  with  >  lynipli-spBce  com 
monicating  with  the  pericelluUi  Ijmph-ipMe  i,  rouDd  the  cell  >  Ijrmph-spice  i-,  contoioiiig 
two  iTmph-ccrpagcles,  x  '5°-  ^'S-  ^^- — Vertical  leclion  of  a  frontal  coDvolution 
(Weigert's  method)  X  S°-  P>  pi>  mater;  1-5,  five  layers  of  Me)'nert ;  o, mperficial  layer 
of  cODoective-lissue ;  *-(,  successive  layers  of  medulla  led  nerve-fibrea;  *,  white  malter. 
Fig.  603. — SectioD  of  a  cerebral  convolulion  stuned  by  Golgi's  method.  l,Deuroglla  layer; 
3,  layer  of  imall  celli;  3,  layer  of  lai^e  pyramidal  cdls;  4,  layer  of  irregular  cells. 
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matter.  The  largest  pyramidal  cells — those  known  as  giant  cells — in  the  motor 
areas  may  be  110-50  ^t,  but  the  ordinary  large  pyramidal  cells  are  20  to  40  a. 
and  the  small  pyramidal  cells  (which  have  not  been  proved  to  possess  an  ami 
cylinder  process)  are  8-12  ix  in  breadth.  The  large  pyramidal  cells  are  trophic 
in  function  for  the  very  long  nerve-fibres  which  are  connected  with  them.] 

[Qolgi's  Method  of  staining  Nerve-cells. — The  nerve-cells  are  stained  black  by  loog 
immersion  in  silver  nitrate  or  mercuric  chloride  solution  after  the  brain  b  hardened  in  a  chrc^ 
mium  salt.  The  metal  is  deposited  in,  or  rather  on,  the  cell  and  its  processes,  and  in  this  vij 
the  ramifications  of  these  cells  can  be  traced  for  a  long  distance.] 

Each  cell  is  surrounded  by  a  l3rmph-8pace  in  which  it  lies.  The  blood-vessels  are  pFOvided 
with  a  perivascular  space,  which  communicates  with  the  pericellular  Ijrmph-space,  as  in  %. 
601. 

[Nerve-fibres  in  the  Cortex. — The  ordinary  methods  of  hardening  the  brain  do  not  enable 
us  to  detect  the  enormous  number  of  meduUated  nerve-fibres  in  the  gray  matter.  By  osiDg 
£xner*s  osmic  acid  method,  or  Weigert's  or  Pal's  method,  we  obtain  such  a  result  as  b  sbovn 
in  fig.  602.  Under  the  pia  (P)  is  a  layer  of  connective-tissue  (a)  devoid  of  nerve-fibres.  Beneath 
it  is  a  layer  (b)  occupying  about  the  half  of  the  outer  layer,  which  is  almost  entirely  taken  op 
by  medullated  nerve-nbres;  most  of  these  are  fine,  but  a  few  of  them  are  coarse,  and  mn  paralkl 
to  the  surface  and  tangential  to  the  arc  of  the  outer  contour  of  the  convolution.  Internal  to  this 
is  a  layer  of  medullated  fibres  (r),  which  cross  each  other  in  various  directions ;  wfafle  a  voSm 
network  (d)  occur  in  die  small-celled  layer.  (2)  In  the  layer  of  large  pjrranudal  cells  3 
there  are  bundles  of  medullated  fibres,  running  radially  (e) ;  but  at  the  lower  part  of  this  lajer 
there  is  a  very  dense  network  (/),  forming  (in  a  Weigert's  preparation)  a  dense,  dark  bsad, 
corresponding  to  the  outer  layer  of  Baillarger.  In  the  layers  marked  {g  and  k)^  wbkh  are 
partly  in  the  third  and  partly  in  the  fourth  cortical  layer,  the  radial  arrangement  b  more 
marked  and  more  compact,  and  the  thick  fibres  are  more  numerous.  In  the  middle  b  (ii  t 
narrow  dense  network  conesponding  to  Baillarger's  inner  layer.  The  lower  part  of  the  focrth 
layer,  and  the  whole  of  the  fifth,  are  occupied  by  1.  It  b  to  be  remembered  tnat  all  the  coaro- 
lutions  do  not  present  exactly  the  same  structure  and  arrangement  {Obersteiner).'] 

[The  existence  of  such  an  enormous  number  of  nerve-fibres  passing  from  the 
central  white  matter  into  the  cortex  makes  it  evident  that  the  white  matter 
must  be  connected  to  the  gray  cortical  matter  by  some  means  other  thin 
axis-cylinder  processes,  the  prolongations  of  the  median  basilar  processes  of 
the  pyramidal  celb.  Perhaps  most  of  the  white  fibres  entering  the  cortex, 
either  as  callosal,  pyramidal,  tegmental,  or  association  fibres  split  up  into 
fibrils  to  form  a  large  part  of  the  molecular  ground-substance.  We  do  not 
know  if  they  become  continuous  anatomically  with  the  fibrils.] 

[Variations. — The  gray  matter  differs  in  different  parts  of  the  brain.  In  the  graj  matter  di 
the  comu  ammonis,  the  large  pyramidal  cells  of  (3)  make  up  the  chief  mass  {J^.  600)  ;  in  ^ 
claustrum  (4)  is  most  abundant.  In  the  central  convolutions  (ascending  frontal  and  panetali. 
according  to  Betz,  Mio^ewski,  and  Bevan  Lewis,  very  large  pyramidal  cells  are  found  ta  tk 
lower  part  of  the  third  layer.  Similar  cells  have  been  found  in  the  posterior  extremities  of  tk 
frontal  convolutions  in  some  animals — the  posterior  parietal  lobule,  and  para-central  lobule,  til 
of  which  have  motor  functions.  In  those  convolutions,  which  are  regarded  as  sabaerria; 
sensory  functions,  a  somewhat  different  t3rpe  prevails,  e,g.,  the  occipital  gyri  or  annectaat  coq- 
volution  (B,  Lewis),  The  very  larg^e  pyramidal  cells  are  absent,  while  the  grannie  layer  ems 
as  a  well-marked  layer  between  the  layer  of  large  pyramidal  cells  and  the  ganglion  cell-lsTtr 

(fig.  599).] 

[Fuchs  finds  that  there  are  no  medullated  fibres  either  in  the  cortex  or  medulla  until  the  eod 

of  the  first  month  of  life.    The  medullated  fibres  appear  in  the  uppermost  layer  at  the  b^ 

month,  and  in  the  second  at  the  end  of  the  first  year,  the  radial  bundles  in  the  deeper  layers  a: 

the  second  month.    The  medullated  fibres  increase  until  the  seventh  or  eighth  year,  vhea  tbef 

have  the  same  arrangement  as  in  the  adult.] 

[Results  of  Qolgi's  Method. — Fig.  603  shows  a  general  view  of  the  nerve-cdis^  tae 

cortex  cerebri  stained  by  Golgi's  method.     The  pjrramidal  cells  give  off  branched  protoplaBiic 

processes  and  a  central  axial  cylinder  process  which  becomes  continuous  with  a  medaliated 

nerve-fibre  in  the  white  matter  (figs.  603,  604).] 

[Blood- Vessels. — The  adventitia  of  the  small  cerebral  vessels  a)ntaiD5 
pigment  and  granular .  cells,  filled  with  oil-granules.  In  the  new-bom  child, 
the  blood-vessels  of  the  brain  are  beset  with  cells,  filled  with  fatty  gianuks 
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Perhaps  the  granules  supply  part  of  the  material  for  the  formation  of  the 
myelin  sheath  on  the  nerve-fibres.  About  the  fifth  year  the  fat  is  replaced  by 
a  yellow  pigment.  In  adults,  yellow  or  brown  glancing  pigment-granules  are 
found  in  the  adventitia  of  the  arteries.  In  the  adventitia  of  the  veins  there  is 
no  pigment,  but  generally  some  fat.  The  gray  matter  is  much  more  vascular 
than  the  white,  and  when  injected,  a  section  of  a  convolution  presents  the  ap- 
pearance shown  in  fig.  605.  The  nutritive  arteries  consist  of— (a)  the  long 
medullary  arteries  (i)  which  pass  from  the  pia  mater  through  Che  gray 
matter  into  the  central  white  matter  or  centnim  ovale.  They  are  terminal 
arteries,  and  do  not  communicate  with  each  other  in  their  course  ;  thus,  they 
supply  independent  vascular  areas;  nor  do  they  anastomose  with  any  of  the 
arteries  derived  from  the  ganglionic  system  of  blood-vessels;  la  to  15  of  them 
are  seen  in  a  section  of  a  convolution,  (i)  The  short  cortical  nutritive 
arteries  (3)  are  smaller  and  shorter  than  the  foregoing.  Although  some  of 
them  enter  the  white  matter,  they  chiefly  supply  the  cortex,  where  they  form 
an  open  meshed  plexus  in  the  first  layer  (a),  while  in  the  next  layer  (&)  the 
plexus  of  capilluies  is  dense,  the  plexus  again  being  wider  in  the  inner  layers 

(00 


Fig.  604. 
Scbemcofft  traruveiMKCtionof  thectrebroinof  a  Dew-tum  rat  by  Golgi's  method  UZayat).  A, 
<!Orpiu  callomm;  B,  antero-poitcnor  fibtei  aii^ng  from  Uie  large  pyramidal  celU ;  C, 
Uteml  ▼cnlHcle ;  a,  large  pyramidal  cell  whose  axu-cylioder  process  pauo  into  the  anlerior 
pofterior  U]>ni  i,  libK  of  tbe  coipus  callosum  bi^rcating;  r,  callotal  Rbie;  •/,  calla«*t 
fibre  uniDg  from  a  pyramidal  cell;  1,  uis-cylinder  process  descending  obliquely  to  enter 
the  corpus  callosum ;  /,  fiaal  ramiHcations  of  a  callosal  Rbre  in  the  gray  matter  of  the 
cortex;  h,  CQUalerol  fibre  from  ■  !uge  pyramidal  cell;  g,  epithelial  cell  ramifying  in  the 
surface  of  the  cortex  cerebri,  h  ;  i,  fmjfbnn  cells  witli  the  axis-cylinder  process  ascending 
to  the  molecular  layer ;  j,  final  ramification  of  a  ca.llosa.1  iibre  ariiing  in  the  opposite  side 
of  tbe  cortei. 

[Central  or  Ganglionic  Arteries. — From  the  trunks  constituting  the 
rircle  of  Willis  (fig.  in  §  381),  branches  are  given  off,  which  pass  upwards  and 
nter  the  brain  to  supply  the  basal  ganglia  with  blood.  They  are  arranged  in 
everal  groups,  but  they  are  all  terminal,  each  one  supplying  its  own  area,  nor 
lo  they  anastomose  with  the  arteries  of  the  cortex.] 

Cerebral  Arteries. — From  a  practical  point  of  view,  the  distribution  of 
he  blood-vessels  of  the  brain  is  important.  The  artery  of  the  Sylvian  fissure 
upplies  the  motor  areas  of  the  brain  in  animals;  in  man,  the  praecentral  lobule 
s  supplied  by  a  branch  of  the  anterior  cerebral  artery  {Duret).  The  region 
■t  the  third  lef^  frontal  convolution,  which  is  connected  with  the  function  of 
peech,  is  supplied  by  a  special  branch  of  the  Sylvian  artery.     Those  areas  of 
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the  frontal  lobes  whose  injury  results  in  disturbance  of  the  intelligence,  are 
supplied  by  the  anterior  cerebral  artery.  Those  regions  of  the  cortex  cerebri, 
whose  injury,  according  to.Fcnier,  causes  heraianicsthesia,  are  supplied  by  the 
posterior  cerebral  artery. 

[In  conneclion  with  Ihe  locoliiatioD  of  the  ccDires  in  the  coilcx,  it  u  impoitant  to  be  Ha- 
ooghly  Rcquainted  with  the  irraneement  of  the  cerebral  convolutiona.  Eacb  half  of  Ikt 
outer  cerebral  larface  ii  divided  by  certain  fisaure*  into  five  lobea—hontal,  puiet^,  ocopi- 
lal,  temporo-aphenoidal,  and  centnl,  or  island  of  Reil.  The  fiontal  lobe  (fig.  606)  coa- 
sills  of  ihice  convolutions,  «ith  namenxu  lecondaty  folds  nmning  nearly  borizootal,  naned 
superior  (F,),  middle  (F,),  and  inferior  (F,)  frontal  convolulioos.  Behind  thac  is  a  imift 
coDTolution,  the  ascending  frontal  (A),  which  asccadi  almost  vertically,  immcdialcly  behind 
ibese—  separated  from  them,  however,  by  the  pnrcentral  Esiore  (/,},  aod  msppcd  off  behiod  by 
the  liuure  of  Rolando,  or  the  central  sulcus  (f).] 

[The  parietal  lobe  (lig.  606,  P)  is  liinited  in  front  by  the  fixsnre  of  Rolando,  below  in  pvi  by 
Ihe  Sylvian  fiianre,  and  behind  by  the  parieto-occipital  ficure.  It  consists  of  tbe  aacaidiBf 
parietal  (posterior  ccotial)  coorala- 
tion  (fig.  606,  B),  which  ajeo^ 
.just  behind  the  fiaaore  of  Rtilando. 
and  parallel  to  the  aacendii^  frootaU 
with  which  it  is  coDtinDom  beiov; 
above,  it  becomes  continDoiB  vid 
the  superior  parietal  lobule  (Pjl, 
while  the  latter  ii  aepoiated  ftv 
the  intinior  parietal  lobale  ("fH 
ceurte")  by  the  interpBrietal  hIcb. 
The  inferior  parietal  lobale  cobbni 
of  (a)  a  part  arching  over  tbe  uffKt 
end  of  the  Sylvian  fiatnre,  ibe  safn- 
marginal  convolution  (P,),«lticba 
coDtinuoos  with  the  sopciioc  t^ 
poro-qiheDoida]  c<nrolDlioa.  Be- 
hind is  (i)  the  angular  gym  (P,1. 
which  arches  round  tbe  pcacnci 
end  of  the  parallel  fissure,  and  be- 
comes coDnected  wiib  the  middle 
lempcro-qtheooidal  CDDTolabint.] 

[Tbe  temporo  -  Bphenoidal  ar 

temporal  lobe  (fig.  606.  T)  «» 

sists  of  three  horiuuualcoavDfariiaai 

— superior,  middle,  and    iniakr— 

the  two  former  being  sepamed  by 

the  parallel  sulcus,  i^ile  the  whdt 

lobe  is  mapped  off  &tim  tbe  Aomd 

by  the  Sylvian  fi»oTe(S).] 

Fig.  605.  [l-he  occipital  lobe   {6g.  fio6, 

I,  I,  medullary  arteries;  and   i',  I',  in  groups  between   O)  is  small,  forms  the  lonnded  po>- 

ilie  convolutions ;  2,  x,  arteries  of  the  cortex  cerebri ;   tenor  end  of  the  cerebcum,  asd  is 

a,  large  meshed  plexus  id  first  layer;  'i,  closer  plexus   separated  from  tbe  parietal  lobe  by 

in  middle  layer;  (,  opener  plexus  in  the  gray  matter   the  parieto-occipital  fitsore,  whki 

next  the  while  «ubstance,  with  iu  vessels  (1?).  fismre  it  bridged  over  at  tbe  lower 

part  by  the   four    aonectant   fjr, 

{flit  dt  pastagt  o(  QnlaaUt).    It  has  three  convolutioiu— superior  (O,),  middle  (O^,  and  inferis 

(O,}— on  its  outer  anrtace. J 

[The  central  lobe  or  iBlaod  of  Reil,  consists  of  five  or  six  short,  straight  coovololMiB  (gyri 
operti)  radlatiog  outwards  and  backwards  from  near  the  anterior  perforated  spot,  and  can  oaly 
be  seen  when  ihe  mai^ns  bf  the  Sylvian  fissure  are  pulled  asunder.  The  opeTcalam,  ccoBB- 
ing  of  the  extremities  of  the  inferior  Trootal,  ascending  parietal,  and  fiontal  coavolniOBk  I* 
outside  it,  cover  it,  and  conceal  it  from  view.] 

[On  the  inner  or  mesial  surface  of  the  cerebrum  are  the  gyrus  fornicatus  (fig.  6o7,Cf)|V 
convolution  of  the  corpus  callosum,  which  runs  parallel  to  and  bends  Knnd  ibe  a 
lofth  ■■  ■      -  .... 


posterior  extremities  of  the  corpus  callosum,  terminating  posteriorly  in  the  gyros 
gyrus  hippocampi  (fig.  607,  H),  and  ending  anterioriy  in  a  crooked  extremity,  the 
cornu  ammonis  (fig.  607,  U).     Above  It  is  the  calloso. marginal  fissure  (fig.  607,  cm),  sad 
ning  parallel  to  it  is  the  marginal  convolution  (fig.  607),  which  lies  between  the  latto'  fr 
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■Dd  the  margin  of  the  longttndinBl  fiisuie ;  it  is.  bowever,  merely  the  meti*)  aspect  of  the  Erootal 
and  panetal  convolutioni.  The  quadrate  lobule  or  prKcuneua  lies  (fig;.  607,  Pi)  between 
tbe  posterior  extremity  of  the  caltoso-marginal  fissure  and  the  parieto-occipita!  fissure ;  it  is 
merely  the  mesial  aspect  of  (he  ascending  parietal  eonyolution.  The  parieto-occipital  fissure 
iFmunata  below  in  the  calcarine  fissure  (fig.  607,  ac),  and  the  latter  runs  backwards  in  the 
occipital  lobe  dividing  it  ioto  two  branches,  oc',  ic".  Between  the  parieto-occipital  and  calca- 
rine fissnres  lies  the  wedge-sbi^>ed  lobule  terioed  the  cuneus  (fig.  607,  Oi).  The  calcarine 
fissure  iodicaies  on  the  sucfacc  ihe  position  of  the  calcar  ami  or  hippocampus  minor,  in  the 
posterior  comu  of  the  lateral  ventricle.  The  dentate  fissure  or  sulcus  hippceampi  (fig.  4S0,  h) 
marks  the  position  of  the  elevation  of  the  hippocampus  major,  or  comu  ammonis,  io  the  lateral 
ventricle.     The  temporo  -  spbenoidal  lobe   tenninates  aoteiiotly  in  the  uncinate  gyrus. 


Fig.  606. 
Leflsideof  the  human  brain  (diagrammatic).  F.frontal;  P,parietal;  O,  occipital  i  T,lempoTO- 
tphenoidal  lobe  ;  S,  fissure  of  Sylvius ;  S',  horizontal,  S",  ascending  ramut  of  S  j  c,  sulcus 
cenlralis,  or  fissure  of  Rolando;  A,  ascending  frontal,  and  B,  ascending  parietal  cciivolu- 
tion;  F,,  saperior,  F^  middle,  and  F,,  inferior  frontal  convolotions;  f^,  superior,  and  f^, 
inferior  frontal  Guurcs;^,  sulcus  prxcentralis;  P,  superior  parietal  lobole;  P„  inferior 
parietal  lobule,  aicsistiiie  of  P,,  supra-mai^nal  gyrus,  and  P,',  angular  gyms;  if,  sulcus 
interpwietalis;  tin,  Cernunation  of  calloso-maigioal  fissure;  O,,  first,  O,,  second,  O,,  tblld 
occipital  convolutions;  fa,  parietal-ocdpital  fissure;  e,  transverse  occipital  fissure;  0„ 
inferior  longitudinal  occipital  fissure;  T,,  first,  T,,  second,  T,,  third  temporo-sphenoidnl 
cooTolDlioiis  \  /j,  tint,  /,,  second  temporo-sphenoidal  fissures. 

wbtle,  nmning  along  the  former  and  the  occipital  lobes,  is  the  collateral  fissure  (ocdpto-tem- 
poral  sulcna),  which  marks  (he  position  of  the  eminentia  collateralis  in  the  descending  cornu  of 
the  IsUeral  ventricle,  while  it  also  separates  the  suftrior  from  the  inferior  temporo-occipilal  con- 
TolntiODE  (Tj  and  Ts).] 

[Transverse  or  Commissural  Fibres. — The  corpus  callosum  unites  the  two  cerebral 
hemi^heres.  Fibres  originate  from  all  parts  of  the  cerebral  cortex  (but  only  to  s  small  extent 
from  the  temporal  convolutions),  and  converge  to  (he  thick  flallened  arched  band  of  (he  ccnpm 
callosum,  intercrotsing  in  the  while  matter  of  the  cerebrum  with  the  fibres  of  the  corona  radiata, 
j.  e.,  the  fibres  of  the  crusta  aod  tegmentum,  ascending  to  (he  cortex  cerebri.  They  are  supposed 
to  connect  corresponding  cod  volutions  in  oppoute  hemispheres.] 
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[The  anterior  white  commissure  at  the  front  of  the  third  ventricle  connects  the  temporo- 
sphenoidal  lobes  of  opposite  sides.  It  proceeds  from  one  side  through  the  inner  ind  onddk 
divisions  of  the  lenticular  nucleus  to  the  opposite  side  of  the  brain.  A  very  small  pat  bdoogs 
to  the  olfactory  tract.] 

[The  middle  or  soft  commissure  of  the  third  ventricle  is  really  a  part  of  the  centnJ  gn^ 
matteil] 

[The  posterior  commissure  connects  chiefly  the  two  optic  thalami,  and  perhaps  also  die 
tegmentum  on  the  two  sides.! 

Association  fibres  pass  from  one  convolution  to  another  on  the  same  hemisphere. 

Longitudinal  Commissure. — The  fornix  begins  in  gray  matter  of  the  corpora  aUncsotia, 
while  as  it  arches  backwards  its  posterior  pillars  diverge  and  pass  in  the  walls  of  the  desceodog 
horn  of  the  lateral  ventricle. 

Motor  Areas  or  Regions. — In  1870  Fritsch  and  Hitzig  discovered  aserie 
of  circumscribed  regions  on  the  surface  of  the  cerebral  convolutions  of  die 


Fig.  607. 

Median  aspect  of  the  right  hemisphere.  CC,  corpus  callosum  divided  longitodinally;  Gt, 
gyrus  fomicatus;  H,  gyrus  hippocampi;  h^  sulcus  hippocampi;  U,  noctnate  gyros;  ^ 
calloso-marginal  fissure ;  F,  first  frontal  convolution ;  r,  terminal  portion  of  fissure  d 
Rolando;  A,  ascending  frontal ;  B,  ascending  parietal  convolution  and  paracentral lobde; 
P/,  precuneus  or  quadrate  lobule ;  0«,  cuneus ;  Fo,  parieto-occipital  fisBare ;  ^,  trmsiene 
occipital  fissure ;  oc^  calcarine  fissure ;  oc'^  superior,  oc''^  inferior  ramus  of  the  same;  D, 
gyrus  descendens ;  T^,  gyrus  occipito-temporalis  lateralis  (lobulus  fusiformts) ;  T^  gjiv 
occipito-temporalis  mediaJis  (lobulus  lingualis). 

dog,  whose  stimulation  by  means  of  electricity  causes  co-ordinated  nufvm^ 
in  quite  distinct  groups  of  skeletal  muscles  of  the  opposite  side  of  the  bodr 
(fig.  609,  I,  II)  [while  stimulation  of  some  adjacent  areas  is  not  followed  by 
any  such  movements]. 

Methods — Stimulation. — The  surface  of  the  cerebrum  is  exposed  in  an  animal  (^ 
monkey)  by  removing  a  part  of  the  skull  covering  the  so-called  motor-convolutions  and  dirvfi^ 
the  dura  mater.  When  the  convolutions  are  fully  exposed,  a  pair  of  blnnt  non-polanabk 
(J  328)  needle  electrodes  are  applied  near  each  other  to  various  parts  of  the  cerdral  nfm 
We  may  employ  the  closing  or  opening  shock  of  a  constant  current,  or  the  constant  cntce 
may  be  rapidly  interrupted,  the  current  being  of  such  a  strength  as  to  be  dtstinctly  potored 
when  it  is  applied  to  the  tip  of  the  tongue  {Friisch  and  Hiisig),  Or,  the  induced  cmrent 
may  be  used,  also  of  such  a  strength  that  it  is  readily  felt  when  applied  to  the  tip  of  the  to^gs 
{Ferriert  1873).     '^^^  cerebrum  is  completely  insensible  to  severe  operations  made  t^m  it* 

The  areas  of  the  cerebral  cortex,  whose  stimulation  discharges  the  character- 
istic movements,  are  regarded  by  some  as  actual  centres^  because  the  reacts 
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time  after  stimulation  of  the  centres  and  the  duration  of  the  muscular  contrac- 
tion are  longer  than  when  the  subcortical  fibres  which  lead  towards  the  deeper 
parts  of  the  brain  are  stimulated.  Another  circumstance  favoring  this  view 
is  that  the  excitability  of  these  areas  is  influenced  by  the  stimulation  of  afferent 
nerves  {Bubnoff  and  Heidenhain),  It  may  be  that  these  centres  are  acted 
upon  by  voluntary  impulses  in  the  execution  of  voluntary  movements.  Hence, 
they  have  been  called  ^^  psychomotor  centres  J*  ^  [At  an^  rate,  these  areas  have 
a  definite  relation  to  certain  motor  acts,  and  perhaps  it  is  well  to  speak  of  them 
as  **  areas  of  representation  '*  of  the  function  to  which  they  are  related.]  The 
motor  areas  of  the  cerebrum  (dog,  cat,  sheep)  are  characterized  by  the  presence 
of  specially  large  pyramidal  cells  (BetZy  Merzejewskyy  Bevan  Lewis) ;  while 
similar  cells  were  found  by  Obersteiner  in  the  areas  marked  4  and  8  (fig.  6o(^), 
and  Betz  found  them  in  the  ascending  frontal  convolution  of  man,  in  the  third 
frontal  convolution,  and  in  the  island  of  Reil.  O.  Soltmann  found  that  stim- 
ulation of  the  motor  areas  in  newly-born  animals  is  without  result,  while 
only  the  deeper  fibres  of  the  corona  radiata  are  excitable. 

Modifying  Conditions. — In  the  condition  of  deep  narcosis  produced  by  chloroform,  ether, 
chloral,  morphia,  or  in  apnoea,  the  excitability  of  the  centres  is  abolished  (Schiff)^  whilst  the 
subcortical  conducting  parts  stUl  retain  their  excitability  {Bubnoff  and  Heidenhain),  Small 
doses  of  these  poisons  and  also  of  atropin  at  first  increase  the  excitability  of  the  centres.  Mod- 
erate loss  of  blood  excites  them,  while  a  great  loss  of  blood  diminishes  and  then  abolishes  the 
excitability  (MunA  and  Orschansky),  Slight  inflammation  increases,  while  ooolii^  diminishes 
the  excitability.  If  the  cortex  cerebri  be  removed  in  animals,  the  excitability  of  the  fibres  of 
the  corona  radiata  is  completely  abolished  about  the  fourth  day,  j^t  as  in  the  case  of  a  peripheral 
nerve  separated  from  its  centre  {Albertoniy  Dupuy^  Franck  and  Pitres), 

Stimulation  of  Subcortical  Parts. — ^As  the  fibres  of  the  corona  radiata 
converge  towards  the  centre  of  the  hemisphere,  it  is  evident  that,  after  removal 
of  the  cortex,  stimulation  of  these  fibres  in  the  deeper  parts  of  the  hemisphere 
is  followed  by  the  same  motor  effects  {GUky  and  Eckhard).  The  stimulus  is 
applied  merely  to  a  deeper  part  of  the  motor  path.  If  the  stimulus  be  applied 
to  parts  situated  still  more  deeply,  as  for  example  to  the  internal  capsule^ 
general  contraction  of  the  muscles  on  the  opposite  side  is  the  result. 

Time  Relations  of  the  Stimulation. — According  to  Franck  and  Pitres,  the  time  which 
elapees  between  the  moment  of  stimulation  of  the  cortex  and  the  resulting  movement,  after 
deducting  the  period  of  latent  stimulation  for  the  muscles,  and  the  time  necessary  for  the  con- 
duction of  the  impulse  through  the  cord  and  nerves  of  the  extremities,  is  0.045  second.  Hei- 
denhain  and  Bubnoff  found  that,  during  moderate  morphia  narcosis,  when  the  stimulating  current 
was  increased  in  strength,  the  muscular  contraction  and  the  reaction-time  became  shorter.  After 
removal  of  the  cortex,  the  occurrence  of  the  muscular  contraction  from  the  moment  of  stimula- 
tion of  the  white  matter  is  diminished  %  to  ^.  The  form  of  the  muscular  contraction  is  loiter 
and  more  extended  when  the  cortex,  than  when  the  subcortical  paths  are  stimulated.  If  the 
animal  (dog^  be  in  a  state  of  high  reflex  excitability,  these  differences  disappear ;  in  both  cases 
tbe  contraction  follows  veiy  rapidly  {^Bubnoff  and  Heidenhain),  If  the  stimulus  be  very  strong 
the  mnscles  of  the  same  side  may  contract,  but  somewhat  later  than  those  on  the  opposite  side. 
If  the  motor  areas  for  the  fore  and  hind  limbs  be  stimulated  simultaneously,  the  latter  contract 
somewhat  after  the  former. 

Number  of  Stimuli. — If  40  stimuli  per  second  be  applied  to  a  motor  area,  then  the  corre- 
spooding  muscles  yield  40  single  contractions ;  while  with  46  single  stimuli  per  second  there 
results  a  continued  complete  contraction  {Franck  and  Pitres),  In  one  and  the  same  animal, 
the  same  number  q/  stimuli  is  required  to  produce  a  continuous  contraction,  whether  the  cortical 
centre,  the  motor  nerve,  or  even  the  muscle  itself  be  stimulated.  With  veiy  feeble  stimuli, 
summation  of  stimuli  takes  place,  for  the  muscular  contraction  only  begins  after  several  in- 
efifective  stimuli  have  been  applied.  [It  is  generally  held  that  the  rhythm  of  a  contracting 
muscle  is  the  same  as  the  rhythm  of  the  stimuli  applied  to  its  motor  nerve,  but  Sch&fer  and 
Horsley  contend  that  this  holds  good  for  rates  of  stimuli  to  about  10  or  12  per  second.  They 
6nd  that  the  same  is  true  for  the  cortex  cerebri,  corona  radiata,  and  medulla  spinalis,  viz.,  that 
the  muscular  response  does  not  vary  with  the  rhythm,  1.^.,  number  of  stimuli  per  sec.j,  but 
that  the  rhythm  is  constant — about  10  per  sec. — and  independent  of  the  number  of  stimuli  per 
sec,  provided  they  are  above  10  per  sec.  applied  to  these  parts.     Indeed,  all  voluntary  contrac- 
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tions  show  a  smilar  rate  of  undulation  in  the  musde-cnrve.    Perhaps  the  rhythm  of  the  efiiere^ 
impulses  is  modified  in  the  motor  nerve- cells  of  the  spinal  cord.] 

[The  matter,  as  regards  electrical  stimulation  of  the  cortex  cerebri,  resoifcs 
itself  into  this,  that  stimulation  of  certain  cortical  areas  always  causes  contiac- 
tion  in  definite  muscles  or  groups  of  muscles,  resulting,  as  a  rule,  in  definite 
co-ordinated  movements  on  the  opposite  side  of  the  body  ;  the  areas  have  been 
called  ''motor  areas."  In  some  cases,  however,  stimulation  of  an  area  on 
one  side  results  in  bilateral  movements  in  the  case  of  corresponding  musdes  on 
opposite  sides  of  the  body,  that  usually  act  together,  e.g,^  those  of  the  eyes 
and  trunk.  They  have  been  mapped  out  and  ascertained  in  a  large  number  of 
animals,  and  the  question  comes  to  be — Are  there  similar  areas  in  man  ?] 

Primary  Fissures  and  Convolutions  of  the  Dog's  Brain. — The  position  of  the  motor 
centres  in  the  dog's  brain  is  indicated  in  fig.  609,  I,  and  II.     The  dog's  brain  is  marked  by  tvo 


Fig.  608. 

View  of  the  brain  from  above  (semi-diagrammatic).    Sj,  end  of  ramus  of  the  Sylvian  fissie. 

The  other  letters  refer  to  the  same  parts  as  in  fig.  606. 

«<  primary  fissures/'  vb.,  the  sulcus  cruciatus  (S),  which  intersects  the  loogitiidinal  fisme  M  a 
right  angle  at  the  junction  of  its  anterior  with  its  middle  third.  This  fissure  has  been  calkd  ^ 
sulcus  frontalis,  or  the  fissura  coronalis.  [It  is  bounded  in  front  and  behind  by  die  ^  sigiMi 
g3rrus."]  The  second  primary  fissure  is  the  fossa  Sylvii  (F).  Four  **  primary  codtqIb- 
tions,"  in  addition,  are  arranged  with  reference  to  these  primary  fissures.  The  first  primaoy  de- 
volution (I),  in  the  form  of  a  sharply-curved  knee,  embraces  the  fossa  Sylvii  (F).  The 
convolution  (II)  runs  nearly  parallel  to  the  first.  The  fourth  primary  convoluticni  (IV) 
the  longitudinal  fissure,  and  is  separated  from  its  fellow  of  the  opposite  side  by  the  £ils 
anteriorly  it  embraces  the  sulcus  cruciatus  (S),  so  that  it  is  divided  into  two  parts  by  this 
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a  put,  the  gyrus  prsecradatns  or  prsefrontalis,  Ijring  in  front  of  the  sulcus,  and  the  gyrus  post- 
cmciatns  (postfirontalis)  Ijring  behind  it  The  third  primary  convolution  (III)  runs  parallel  to  the 
fourth.  Some  authors  count  the  convohitions  from  the  longitudinal  fissure  outwards.  In  fig. 
609,  I  and  II,  the  motor  areas  or  centres  are  indicated  by  dots  on  the  individual  primary  con. 


Fig.  609. 

1,  Cerebrum  of  the  dog  from  above;  II,  from  the  side;  I,  u,  ill,  iv,  the  four  primary  con- 
▼oliations, — s,  sulcus  crudatus;  f,  Sylvian  fossa;  «,  olfactory  lobe;  /,  optic  nerve;  i, 
motor  area  for  the  muscles  of  the  neck ;  2,  extensors  and  abductors  of  the  fore  limb ;  3, 
flexors  and  rotators  of  the  fore  limb ;  4,  the  muscles  of  the  hind  limb ;  5,  the  fiaicial 
muscles ;  6,  lateral  switching  movements  of  the  tail ;  7,  retraction  and  abduction  of  the  fore 
limb ;  8,  elevation  of  the  shoulder  and  extension  of  fore  limb  (movements  as  in  walking)  ; 
9,  9,  orbicularis  palpebrarum,  zygomaticus,  closure  of  the  eyelids.  II,  a,  a,  retraction  and 
elevation  of  the  angle  of  the  mouth ;  ^,  opening  of  the  mouth  and  movements  of  the  oral 
centre ;  ^,  r,  platysma ;  d^  opening  of  the  eye.  I,  /,  thermic  centre,  according  to  Eulen- 
bm^  and  Landois.  Ill,  cerebrum  of  the  rabbit  from  above;  IV,  cerebrum  of  the  pigeon 
from  above ;  V,  cerebrum  of  the  frog  from  above ;  VI,  cerebrum  of  the  carp  from  above — 
(in  all  these  o  is  the  olfactory  lobe ;  i,  cerebrum ;  2,  optic  lobe ;  3,  cerebellum ;  4,  medulla 
oblongata). 
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volutions.  We  most  remember,  however,  that  the  centres  are  not  mere  points,  bat  that  ihey  vary 
in  size  from  that  of  a  pea  upwards,  according  to  the  size  of  the  animal.  Motor  areas  have  bea 
mapped  out  in  the  brain  of  the  monkey,  rabbit,  rat,  bird,  and  frog. 

Position  of  the  Motor  Centres  (Dog). — Fritsch  and  Hitzig,  in  1870,  mapped  out  the  fol- 
lowing motor  areas,  whose  position  may  be  readily  found  on  referring  to  f^.  609 :  i,  is  the  centre 
for  the  muscles  of  the  neck ;  2,  for  the  extensors  and  adductors  of  the  fore  Hmb ;  3,  for  the 
flexion  and  rotation  of  the  fore  leg ;  4,  for  the  movements  of  the  hind  limb,  which  Lodara  aad 
Tamburini  resolved  into  two  antagonistic  centres ;  5,  for  the  muscles  of  the  face,  or  the  &cial 
centre.  In  1873,  Ferrier  discovered  the  following  additional  centres :  6,  for  the  latera]  switch- 
ing movements  of  the  tail;  7,  for  the  retraction  and  abduction  of  the  fore  limb ;  8,  for  tiie 
elevation  of  the  shoulder  and  extension  of  the  fore  limb,  as  in  walking;  the  area  marked 
9>  9t  9t  controls  the  movements  of  the  orbicularis  palpebrarum,  and  of  the  z3rgomaticiis  (ck)siiR 
of  Uie  eyelids),  together  with  the  upward  movement  of  the  eyeball  and  narrowing  of  the  papil 
Stimulation  of  the  areas  ii,  a  (fig.  II)  is  followed  by  retraction  and  elevation  of  the  angle  of  the 
mouth,  with  partial  openhig  of  the  mouth ;  at  b,  f  errier  observed  opening  of  the  mouth  with  pro- 
trusion and  retraction  of  uie  tongue,  while  the  dog  not  unfrequently  howled.  He  called  this 
centre  the  **  oral  centre,^*  Stimulation  oi  c  e  causes  retraction  of  the  angle  of  the  mofuth,  owing 
to  the  action  of  the  platysma,  while  c'  causes  elevation  of  the  angle  of  the  month  and  of  one  hitf 
of  the  face,  until  the  eye  may  be  closed,  just  as  in  9.  Stimulation  of  d  is  followed  by  opening  of 
the  eye  and  dilatation  of  the  pupil,  while  the  eyes  and  head  are  turned  towards  the  other  ^ie. 
According  to  H.  Munk,  the  prefrontal  region  has  an  influence  upon  the  attitude  of  the  body  t?). 
The  perineal  muscles  contract  when  the  gyms  postcruciatus  is  stimulated.  Sdmnlation  of  tfaie 
gyrus  prsecmciatus  on  its  anterior  and  sloping  aspect  causes  movements  in  the  pharynx  aad 
Urjmx. 

[The  motor  areas  in  the  dog  are  not  very  sharply  defined,  and  indeed  they 
may  overlap  somewhat,  so  that  the  localization  of  representation  of  movement 
in  the  dog's  cortex  is  much  less  perfect  than  in  the  higher  animals,  e,g.^  m<»i- 
key.  In  the  rabbit  and  still  lower  vertebrates  the  localization  is  still  less  pre- 
cise  and  more  diffuse.] 

[Experiments  on  monkeys  indicate  that  in  them  the  motor  areas  are  more 
sharply  defined  from  each  other,  and  that  there  is  a  great  differentiation  of 
representation  of  movement  in  the  cortex  of  the  anthropoid  apes  as  compared 
with  the  dog.  In  man  this  differentiation  of  the  representation  of  movements 
appears  to  be  more  precise  still.] 

[In  birds,  such  as  the  dove  and  hen,  the  limb  muscles  do  not  appear  to  be 
represented  in  the  cortex,  but  in  the  owl  and  hawk  there  is  representation  of 
the  hind  limbs  in  the  cortex  {Schrader),'\ 

The  position  of  the  individual  motor  areas  may  vary  somewhat,  and  the? 
may  be  slightlv  different  on  the  two  sides  {Luciani  and  Tamhurim). 

Strong  Stimuli. — If  the  stimulation  be  very  strong,  not  only  the  musdes 
on  the  opposite  side,  but  those  on  the  same  side,  may  contract.  These  latter 
movements  belong  to  the  class  of  associated  movements,  and  are  due  to  conduc- 
tion through  commissural  fibres.  Those  muscles,  which  usually  (muscles  of 
mastication)  or  always  (muscles  of  eye,  larynx,  and  face)  act  together,  ai^>ear 
to  have  a  centre  not  only  in  the  opposite  but  also  in  the  hemisphere  of  the  same 
side  {Exner),  [All  observers  have  found  that  stimulation  of  the  facial  centre 
causes  identical  (associated)  movements  on  both  sides  of  the  face,  so  that  both 
sides  of  the  face  seem  to  be  represented  in  each  hemisphere.  Schafer  aad 
Horsley's  experiments  make  it  very  probable  that  some  other  muscles,  r./., 
some  of  the  trunk  muscles,  pectorals,  and  recti  abdominis,  are  represented  bi- 
laterally  in  the  hemispheres.  This  is  an  important  point  in  relation  to  recovery 
after  the  supposed  destruction  of  a  centre,  and  has  an  intimate  bearing  od  the 
question  of  "Substitution,"  in  reference  to  the  restoration  of  nerve-functkm 
(p.  %(i%y^ 

Strong  stimulation  of  the  motor  regions  may  give  rise  in  dogs  to  a  complete  genetal 
vulsive  epileptic  attack,  which  usually  ^gins  with  contractions  of  the  groups  of  miiscks< 
dally  related  to  the  stimulated  centre  {Ferrier,  Eulenburg  and  Landois,  Aibertom^  Lmeiom 
Tamburini)  ;  then  often  passes  to  the  corresponding  limb  of  the  opposite  side  (aasoctaied 
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ments) ;  and  lastly,  all  the  muscles  of  the  body  are  thrown  into  tonic  and  then  into  clonic  spasms. 
The  opposite  side  of  the  body  has  been  observed  to  pass  into  spasms  from  below  upwards,  after 
the  contractions  were  developed  in  the  other  side.  The  spasmodic  excitement  passes  from  centre 
to  centre,  an  intermediate  motor  region  never  being  passed  over.  After  this  condition  has  once 
been  produced,  the  slightest  stimulation  may  suffice  to  bring  on  a  new  epileptic  attack  (|  373). 
During  the  attack  the  cerebral  circulation  is  accelerated.  According  to  Eckhard  and  Danillo, 
epileptic  attacks  cannot  be  discharged  from  the  posterior  part  of  the  cerebrum  by  means  of  weak 
currents.  Stimulation  of  the  sub-cortical  white  matter  causes  epilepsy,  which,  however,  begins 
in  the  muscles  of  the  same  side  {Bubnoff  and  Hndenhain\,  These  contractions  are  due  to  an 
escape  of  the  electrical  current,  which  thus  reaches  the  meaulla  oblongata  ({  373). 

Mechanical  stimulation,^.^.,  scraping  the  motor  areas  for  the  limbs, 
produces  movements  in  these  parts  (JLuciant), 

Cerebral  Epilepsy. — It  is  of  great  practical  diagnostic  importance  to  as- 
certain if  stimulation  of  the  motor  areas  in  man,  due  to  local  diseases  (inflam- 
mation, tumors,  softening,  degenerative  irritation),  causes  movements.  [Hugh- 
lings- Jackson  has  shown  that  local  diseases  of  the  cortex  may  cause  spasmodic 
contractions  in  certain  groups  of  muscles,  a  condition  known  as  '' Jacksonian 
Cpilepsy,"  and  he  explains  in  this  way  the  occurrence  of  unilateral  local  epi* 
leptiform  spasms,  which  were  observed  by  Ferrier  and  Landois  to  occur  after 
inflammatory  irritation.]  Luciani  observed  these  spasms  in  dogs,  and  some- 
times they  were  so  violent  and  general  as  to  constitute  an  attack  of  epilepsy. 
This  condition  became  hereditary,  and  the  animals  ultimately  died  from  epi- 
lepsy (§  373).  According  to  Eckhard,  epileptic  attacks  are  never  produced  by 
stimulation  of  the  surface  of  the  posterior  convolutions.  [In  passing  from  apes 
to  camivora,  epilepsy  as  a  result  of  electrical  stimulation  of  the  cortex  is  far 
more  readily  produced  in  the  latter  animals  than  in  the  former.  Indeed,  in 
the  Oraiig,  Beevor  and  Horsley  never  observed  epilepsy  to  follow  excitation  of 
any  part  of  the  cortex.] 

If  certain  motor  areas  are  extirpated,  the  epileptic  attack  is  absent  from  the  muscles  controlled 
by  these  areas  (Luciani),  Separation  of  the  motor  cortical  area  by  means  of  a  horizontal  section 
during  an  attack  cuts  short  the  \tXiet(Munk).  During  an  epileptic  attack  it  is  possible  to  excise 
the  motor  area  of  one  extremity,  and  thus  exclude  this  limb  from  the  attack  whilst  the  rest  of  the 
body  is  convulsed. 

Drugs. — The  continued  use  of  potassium  bromide  prevents  the  production  of  epilepsy  on 
stimulating  the  cortical  areas. 

Chemical  Stimulation. — Substances  such  as  occur  in  urine,  e.  g.,  kreatinin, 
kreatin,  acid  potassic  phosphate,  and  sediment  of  urates,  when  sprinkled  on  the 
motor  areas  of  the  dog,  cause  pronounced  eclampsic,  clonic  convulsions^  which 
recur  spontaneously,  and  are  followed  by  deep  coma.  These  symptoms  are 
like  those  of  uraemic  poisoning.  The  sensory  centres,  especially  that  for 
vision,  seem  also  to  be  affected  by  chemical  stimulation  (Landois). 

[Motor  Centres  in  the  Monkey. — Ferrier  has  mapped  out  a  large  number 
of  centres  on  the  outer  surface  of  the  brain  in  the  monkey,  and  to  each  centre 
he  has  given  a  number.  These  numbers  have  been  transferred  to  correspond- 
ing convolutions  on  the  human  brain,  numbered  accordingly.  These  areas  are 
specially  distributed  on  the  convolutions  around  the  fissure  of  Rolando,  includ- 
ing in  the  monkey  the  posterior  extremities  of  the  posterior  and  middle  frontal 
convolutions,  the  ascending  frontal,  ascending  parietal,  and  part  of  the  parietal 
lobule.] 

[Areas  mapped  out  by  Ferrier. — Fig.  610  represents  these  areas  transferred  to  the  corre- 
qx»ding  areas  in  man.  (i)  On  the  superior  parietal  lobule  (advance  of  the  opposite  hind  limb, 
as  in  walking.  (2),  (3),  (4)  Around  the  upper  extremity  of  the  fissure  of  Rolando  (complex 
movements  of  the  opposite  1^  and  arm,  and  of  the  trunk,  as  in  swimming),  (a),  {b)j  (r),  {d) 
On  the  ascending  parietal  or  posterior  central  convolution  (individual  and  combined  movements 
of  the  fingers  and  wrist  of  the  opposite  hand,  or  prehensile  movements).  (5)  Posterior  end  of 
the  superior  frontal  convolution  (extension  forward  of  the  opposite  arm  and  hand).  (6)  Upper 
part  01  the  ascending  frontal  or  anterior  central  convolution  (supination  and  flexion  of  the  oppo- 
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site  rore-inn).  (7)  Middle  of  the  nuue  coDTolatioD  {rttraclbn  lad  elevuion  attht  appo«ite 
angle  of  the  moulb) .  (S)  At  tbe  lonei  end  of  ibc  Mine  convalutioD  (elevation  of  the  all  nui 
and  upper  lip,aDddepre9sionof  the  lower  lip  on  the  opposite  side).  (i|),  (10)  Broca's  coovoliOka 
(opening  of  the  mouth  with  protrusion  and  retraction  of  the  longne — apbadc  region).  (11) 
Between  10  and  the  lower  end  of  the  ascendii^  parietal  convolntioii  (tetractian  of  the  appantt 
angle  of  the  moalb,  the  head  turns  towards  one  sule).     {11)  Posterior  part  of  (he  si' — '■ —  — ' 


middle  frontal  convolutions  (the  eyes  open  widely,  the  pupils  diiale,  and  the  head  and  ejes  ti 
towards  the  opposite  side).  (13).  (13')  Sapra-marginw  and  angnlar  gynil  (the  cjt*  mt 
towards  the  opposite  side,  and  upwards  or  downwards — centre  of  vision).     (14)  Sopmor  t<m- 


poro-spheaoidil  convolution  (pricking  of  the  (^>posite  ear,  paptls  dilate,  and  the  bead  aod  eja 
"o  the  opposite  side— hearing  centre).] 


Fig.  610. 
The  brain  with  the  chief  convolutioni  (after  Ecier).  See  also  figs.  614,  625  in  their  lelaiioa  10 
the  skull.  The  numbera  i  to  14,  and  the  letters  a  to  d,  indicate  cortical  areas  (p.  SS7).  S, 
Sylvian  Assure;  C,  central  sulcus,  or  fissure  of  Rolando;  A,  anterior,  and  B,  posterior  cen- 
tral convolutions;  F,,  upper,  F,,  middle,  and  F„  lowest  frontal  coovolntions ; /,,  sapoior, 
and/,,  inferior  frontal  fissure;  /„  sulcus  pitecenttalis ;  P,.  superior,?,,  inferior  parieUdlotie, 
with  P„  gyrus  lupra-mai^inalis;  P,',  gyrus  angnlaris;  i/,  sulcus  intcr.{>arieta1ti;  m,  cad 
of  calloso-margioal  fissure ;  O,,  O,,  Oj,  occipital  convolutions; /«,  parieto-occifntal  bsaoe; 
T„  T,,  Ty  temporo  sphenoidal  convolutions  ;  K„  K,,  K,,  points  in  the  coronal  suture;  4,. 
4,,  in  the  lambdoidal  suture. 

[Experiments  on  Monkeys. —  Electrical  stimulatioD  of  the  anterior  put 
of  the  frontal  lobes  yields  negative  results;  but  behind  the  anterior  end  of  the 
sagittal  limb  of  the  precentral  sulcus  there  are  lateral  raoveinents  of  the  head 
and  eyes.  If  the  anterior  third  or  fourth  be  removed,  Schafer  and  Hotsley 
observed  no  motor  paralysis  nor  any  deficiency  of  general  or  special  seosibility . 
Excitation  of  the  external  surface  {motor  area)  led  Ferrier  to  map  out  tbe 
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areas  named  on  p.  887.  Schlferand  Horelcy's experinaenls  agree  with  Feirier's, 
and  they  map  out  the  motor  area  into  a  number  of  main  areas,  each  of  which 
is  particularly  concerned  with  the  movement  of  a  particular  part  or  limb,  and 
in  some  of  which  centres  concerned  with  more  specialized  movements  may  be 
marked  out.  The  arm-area  is  roughly  triangular  (fig.  61  r),  and  "  occupies  most 
of  the  upper  half  of  the  ascending  parietal  and  ascending  frontal  gyri,  from  a 
little  beneath  the  level  of  the  sagittal  part  of  the  precentral  fissure  below,  nearly 
to  the  noargin  of  the  hemisphere  above,  together  with  the  adjacent  part  of  the 
frontal  lobe  below  the  small  antero-posterior  sulcus."  It  bends  round  and  is 
continuous  with  a  part  of  the  marginal  gyrus.  The  ^>ecial  movements  of  the 
arm  are  indicated  in  fig.  6ti.] 

[Within  any  particular  area  there  is  motor  representation  of  the  movements 
capable  of  being  executed  by  the  corresponding  muscles.  Thus  in  the  ann- 
area  the  movements  represented  are  from  above  downwards,  those  at  the  shoul- 
der, elbow,  wrist,  digits,  and  thumb,  and  of  course  all  the  complex  com- 
binations of  movements  which  these  parts  can  execute.] 

[The  face-area,  lying  ventral  to  the  arm-area,  gives  rise  not  only  to  move- 


Fig.  611.  Fig.  611. 

Fig.  61 1. — Di^nm  of  tbe  motor  areas  oa  the  outer  lorface  of  n  monk^t  brain  [Honltjr  and 
SehSfer.  Fig.  6i3. — Diagram  of  the  motor  areai  on  the  uargintl  convolittkiB  of  >  moD- 
key'!  kwio  {HonUy  atU  S^M/rr). 

ments  of  the  facial  muscles,  but  also  of  the  whole  of  the  upper  end  of  the  ali- 
mentary tube.  It  comprises  the  whole  of  the  ascending  parietal  and  fronUl 
convolutions  below  thcvarm-area,  down  to  the  fissure  of  Sylvius,  and  including, 
the  external  surface  of  the  operculum.  As  is  shown  in  fig.  611,  at  the  upper 
part  of  the  area  the  eyelids  are  represented,  below  or  ventral  to  this  curve 
successively  the  movements  of  the  mouth,  tongue,  those  for  mastication 
and  shallowing,  and  at  the  lower  or  ventral  end  of  the  ascending  frontal 
convolution  is  the  area  for  the  larynx  and  phonation  (p.  S90).] 

[The  head-area — i.  t.,  for  movements  of  the  head  brought  about  by  the 
muscles  of  the  neck — or  area  for  visual  direction — comprise  part  of  the  frontal 
lobe  from  the  margin  of  the  hemisphere  to  the  face-area.  In  front  it  is  bounded 
by  the  non-excitable  part  of  the  frontal  lobe.  Its  stimulation  gives  the  results 
obtained  by  Ferrier  on  stimulating  his  No.  12  centre.  Occupying  the  ventral 
part  of  the  head-area  on  the  posterior  extremity  of  the  middle  frontal  convolu- 
tion— i-  e.,  in  front  of  the  precentral  sulcus — is  the  area  for  the  movements  of 
the  eyeballs  or  "  area  for  the  eyes  "  (fig.  611).] 

[The  leg  area,  or"  area  for  the  hind  limo,"  is  partly  sitaate  on  the 
mesial  nirface — i.  e.,  the  marginal  convolution — but  it  extends  over   to  the 
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external  surface  from  the  pariet(M>ccipital  fissure  nearly  to  the  level  of  the 
anterior  end  of  the  small  sulcus  marked  lrg  (fig.  607).  Within  this  area  are 
to  be  distinguished  from  before  backwards  special  areas  for  the  hip,  knee, 
ankle,  hallux,  and  digits.] 

[The  trunk-area  scarcely  extends  over  the  margin  to  reach  the  external 
surface.  It  exists  on  the  marginal  convolution  lying  between  the  area  for  the 
head  in  front,  and  that  for  the  leg  behind.] 

[Schafer  and  Horsley  have  extended  Ferrier's  researches,  and  shown  that 
motor  centres  exist  in  the  marginal  convolution  (fig.  612),  which  is  excit- 
able  only  in  that  portion  corresponding  in  extent  (antero-posteriorly)  to  the 
excitable  portion  of  the  outer  surface  of  the  hemisphere.  Anteriorly  it  reache 
forward  to  a  line  which  is  opposite  the  junction  of  the  posterior  and  middie 
thirds  of  the  superior  frontal  convolution  (centre  12),  while  posteriorly  it 
extends  backwards  opposite  to  the  parietal  lobule,  including  the  paracentral 
lobule,  which  contains  large  multipolar  pyramidal  motor  cells.  The  rest  of 
the  mesial  surface  is  inexcitable.  They  find  that  the  centres  are  arranged  from 
before  backwards  in  the  following  order:  (i)  Movements  of  the  h^d — ^this 
area  is  very  small,  and  belongs  to  the  large  h^id-area  on  the  external  sur£u:e ; 
(2)  of  the  fore-arm  and  hand;  (3)  of  the  arm  at  the  shoulder;  (4)  of  the 
upper  dorsal  part  of  the  trunk ;  (6)  of  the  leg  at  the  hip;  (7)  of  the  lower 
leg  at  the  knee  ;  (8)  of  the  foot  and  toes.] 

Qust  as  there  are  differences  in  motor  representation  in  the  cortex  as  ve 
descend  in  the  animal  scale,  so  there  are  differences  amongst  aninials  belonging 
to  the  same  group,  e.g,y  monkeys.  Comparing  a  Macacque  monkey  with  an 
Orang,  it  is  difficult  to  get  single  primary  movements  uncomplicated  by  move- 
ments of  other  parts  on  stimulation  of  the  cortex  of  a  Macacque  monkey,  bo: 
in  the  Orang  single  primary  movements  are  readily  obtained,  and  this  seems 
to  demonstrate  the  great  advance  in  evolution  of  function  in  the  Orang's  cor- 
tex above  that  of  the  Macacque.  Moreover,  in  the  Orang,  instead  of  the  ex- 
citable area  of  the  cortex  being  continuous,  as  in  the  Macacque,  it  is  in  the 
Orang  much  interrupted  by  spaces  from  which  no  effect  can  be  obtained  ereo 
by  the  application  of  strong  stimuli.  Thus  excitable  areas  are  separated  from 
each  other  by  inexcitable  areas.  Direct  observation  has  shown  that  for  certais 
centres  at  least  a  similar  interrupted  mode  of  representation  exists  in  man  {Btt- 
vor  and  Horsley)*  It  appears  in  addition  that  motor  representaHon  in  the  cor- 
tex is  found  only  on  the  summits  of  the  gyri  of  the  convoluted  surface,  while  at 
a  sulcus  it  is  inexcitable.] 

Excitation  of  the  Area  AS  produces  movemenls  of  the  arm  (fig.  615).  These  Taiy  »:' 
cording  to  the  spot  stimulated,  but  towards  the  anterior  part  of  the  area  movements  of  the  vns 
and  fore- arm,  towards  the  posterior  part  movements  of  the  arm  and  shoolder,  are  more  itt- 
quently  the  result  of  the  excitation.  Excitation  of  Tr  produces  movements  of  the  tronk,  gea- 
erally  arching  and  rotation.  Those  movements  which  are  called  forth  by  stimulating  the  aatcnsr 
part  of  the  area  are  usually  confined  to  the  upper  part  of  the  trunk  (thoracic  region),  and  ire 
often  associated  with  movements  of  the  shoulder  and  arm ;  those  called  forth  by  stimnladng  the 
posterior  part  are  movements  of  the  abdominal  and  pelvic  repions  and  of  the  tail,  and  are  ^ci 
associated  with  movements  of  the  hip  and  leg.  Excitation  of  the  area  L*  produces  movesfcocs 
in  the  lower  limb.  These  vary  accordii^  to  the  part  stimulated,  extension  of  the  hip  beof 
especiaUy  associated  with  excitation  of  the  anterior  part  of  the  area,  and  cootractioii  of  i)ie  hix- 
strings  Mrith  excitation  of  the  middle  part.] 

[Motor  Representation  of  the  Larynx. — In  this  connection  we  most 
remember  that  the  larynx  subserves  the  two  purposes  of  respiration  and  phooa- 
tion.  The  bulb  is  the  main  seat  of  respiration,  and  recent  researches  by  Kfaose. 
Horsley,  and  Semon  show  that  there  seems  to  be  independent  representation  of 
the  larynx  in  the  bulb  for  respiratory  laryngeal  movements,  and  independent 
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of  that  for  thoracic  movements.  Moreover,  the  larynx  is  independently  repre- 
sented in  the  bulb  for  the  movements  of  phonation ;  thus  a  purely  reflex  cry  is 
produced  in  animals  after  removal  of  the  cerebrum,  and  stimulation  of  one 
side  of  the  bulb  near  the  calamus  scriptorius  causes  adduction  of  the  vocal  cord 
OD  the  same  side.  Perhaps  the  abductors  and  adductors  are  represented  inde- 
pendently. 

In  the  cortex  cerebri  the  representation  of  the  larynx  seems  to  be  independ- 
ent of  that  of  respiration,  and  amongst  animals  the  cat  has  the  greatest,  the 
monkey  the  least  development  of  representation  in  the  cortex,  while  the  respira- 
tory movements  are  also  represented  in  the  cortex.] 

[Horsley  and  Semon  find  that  "  there  is  in  each  cerebral  hemisphere  an  area  of  bilateral  repre- 
sentation of  adductor  movements  of  the  vocal  cords,  situated  in  the  monkey  just  posterior  to  the 
lower  end  of  the  prsecentral  sulcus  at  the  base  of  the  third  frontal  g3rrus,  and  in  the  camivora  in 
the  praecnicial  and  neighboring  gyrus.  This  area  has  a  focus  of  intensest  representation  in  the 
anterior  half  of  the  foot  of  the  ascending  frontal  convolution.  Stimulation  of  this  point  pro- 
duces complete  bilateral  adduction  of  the  vocal  cords,  which  lasts  as  long  as  the  stimulation  is 
coDtimied."  Thus  unilateral  stimulation  produces  a  bilateral  effect,  so  tluit  with  bilateral  repre- 
sentation of  both  sides  of  the  larynx  in  one  hemisphere,  excision  of  that  centre  does  not  neces- 
sarily produce  unilateral  paralysis  of  a  vocat  cord ;  indeed,  the  phonatory  centre  and  even  one 
hemisphere  has  been  excised,  yet  on  stimulation  of  the  remaining  phonatory  cortical  area  bi- 
lateral  adduction  occurs.  The  fibres  from  the  cortical  area  run  in  the  corona  radiata,  those  for 
respiration  run  first  in  the  anterior  lunb  of  the  internal  capsule,  and  at  a  lower  plane  in  the  region 
of  the  genu.  Those  that  subserve  phonation,  and  excitation  of  which  produces  adduction  of  the 
vocal  cords,  are  grouped  just  posterior  to  the  g^nu  (cat),  and  at  a  lower  plane  in  the  posterior 
limb.  These  fi&es  proceed  to  form  connections  with  the  bulbar  laryngeal  apparatus  {Horsley 
and  Semon),'\ 

[It  will  be  noticed  that  the  areas  are  spoken  of  in  terms  of  the  part  of  the 
body  which  is  affected  by  the  stimulation  of  a  particular  area.  There  is  reason 
for  believing,  however,  that  what  is  represented  in  the  cerebral  cortex  is  not 
mere  muscular  mass,  but  rather  the  variety  and  complexity  of  movements  cap- 
able of  being  executed  by  these  muscles.  Thus  one  speaks  not  of  representa- 
tion of  the  muscles  in  the  motor  areas,  but  of  ''  representation  of  muscular 
movements."  This  view  is  supported  by  a  study  of  the  relative  size  of  certain 
motor  areas  as  compared  with  the  size  of  the  area  of  the  body  which  such 
areas  represent  Thus  the  thumb  area  is  relatively  far  larger  than  that  of  the 
shoulder  or  area  for  the  hip,  but  the  difference  is  explained  by  the  great  com- 
plexity of  movements  executed  by  the  thumb  as  compared  with  the  simpler 
movements  of  the  shoulder.] 

[Do  similar  Centres  exist  in  Man  ? — The  results  of  clinical  and  patho- 
logical investigations  show  that  similar,  although  not  absolutely  identical, 
areas  exist  in  man.  The  motor  areas,  or  those  which  have  a  special  relation  to 
voluntary  motion  in  man,  exist  in  part  in  the  convolutions  bounding  the  fissure 
of  Rolando,  and  occupy  the  '*  central  convolutions,''  1.  e,,  the  ascending 
frontal  and  ascending  parietal  convolutions  along  with  the  superior  parietal 
lobule,  and  along  the  mesial  surface  of  the  hemisphere,  the  paracentral  lobule, 
and  precuneus  (fig.  614).  In  this  region  the  upper  third  of  the  ascending 
frontal  and  parietal  convolutions,  along  with  the  superior  parietal ,^  are  the  leg 
area  (fig.  614,  leg),  the  middle  third  of  the  ascending  parietal  and  ascending 
frontal  for  the  arm,  and  the  upper  part  of  the  lowest  third  of  these  convolu- 
tions for  the  face,  while  the  very  lowest  part  of  the  ascending  frontal  convolu- 
tion is  the  area  for  the  movements  of  the  lips  (lips)  and  tongue  (T).  (Com- 
pare figs.  611,  616.)  The  last  area,  with  the  posterior  extremity  of  the  third 
left  frontal  convolution,  is  the  centre  for  voluntary  speech;  We  cannot  say 
whether  these  ''  centres ''  are  sharply  mapped  off  from  each  other.  In  any  case 
a  very  strong  stimulation  of  one  centre  may  involve  an  adjacent  area.     So  far 
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as  is  yet  known,  centres  Nos.  5  and  12,  as  represented  in  the  monkey's  bnio — 
those  on  the  posterior  extremity  of  the  superior  and  middle  frontal  cosTohi- 
tions, — (5)  for  extension  forward  of  the  arm  and  hand,  and  (12)  foropeniii^ 
the  eyes  and  turning  the  head  towards  the  oi^x)site  side  (as  m  surprise),  are 
not  represented  in  the  human  brain.  So  accurately  have  certain  of  these  areas 
been  located,  that  surgeons,  in  suitable  cases,  have  been  able  not  only  to 
diagnose  the  position  of  a  tumor  causing  certain  symptoms^  but  also  to 
excise  it.] 

Bilateral  Movements. — Movements  in  both  sides  of  the  body  following 
upon  excitation  of  one  hemisphere  are  common,  but  many  of  these  moveokents 
cannot  be  claimed  as  examples  of  strictly  bilateral  representation  in  the  cortex. 
The  movements  of  the  trunk  (rectus,  abdominis,  etc.),  tongue,  turning  the 
head,  and  conjugate  deviation  of  the  eyeballs  are  often  classed  as  such,  bat  n 
reality  they  are  not  so.  The  movements  of  pouting  of  the  lips,  masticatioe, 
swallowing,  and  movements  of  the  soft  palate,  adduction  of  the  vocal  cords 
seem  to  be  truly  bilateral  movements  {Beevor  and  Horsley),'\ 

[We  may,  therefore,  assert  as  a  general  proposition  that  the  muscles  of  one 
lateral  half  of  the  body  are  regulated  by  certain  areas  in  the  opposite  cerebrad 
hemisphere,  except  in  the  case  of  bilateral  muscles  usually  acting  together.] 

[Gowers  maintains  that  the  motor  region  is  not  exclusively  motor,  but  that  dcstrDCtkm  of  tt 
area  also  leads  to  some  loss  of  sensation.  Starr  also  asserts  that  perceptions  occor  in  the  gpf 
matter  of  the  cortex  of  the  *'  central "  region  and  parietal  convolutions  and  that  the  vaxaooi 
sensory  areas  for  the  various  parts  of  the  body  lie  about,  and  coincide  to  some  extent  w^,  Hk 
motor  various  areas  for  similar  parts,  but  the  sensory  area  is  more  extensive  than  the  UKitar  ses, 
extending  into  the  parietal  behind  the  motor  area,  which  is  confined  to  the  ascending  frontal  tad 
parietal  convolutions.] 

II.  Method  of  Destruction  or  Ablation  of  Parts  of  the  Cortex.— 

Much  confusion  in  this  matter  has  arisen  from  comparing  the  results  obtained 
on  animals  of  different  species.  [It  seems  quite  certain  that  the  results  obtained 
in  the  dog  are  quite  different  from  those  in  the  monkey.  The  motor  areas 
may  be  simply  excised  with  a  knife,  or  the  surface  of  the  brain  may  be 
washed  away  with  a  stream  of  water,  as  was  done  by  Goltz  in  dogs.] 


[In  the  dog,  the  areas  which  are  described  as  motor  may  be  removed  either  by  the  koife  (Ber- 
mann)  or  by  means  of  a  stream  of  water  so  directed  as  to  wash  away  (he  gray  matter  ( (MiV 
In  both  cases,  although  there  was  some  paraljrsis  on  the  opposite  side  of  the  body,  this  was  ha 
temporary,  for  the  paralysis  disappeared  within  a  few  days,  the  animals  having  very  decided  ooa- 
trol  over  tlieir  muscles,  although  Goltz  admits  that  certain  acts,  especially  those  which  the  dap 
had  been  trained  to  execute,  e,  g.^  giving  a  paw,  were  executed  "  clumsily ,"  indicatnig  soee 
failure  of  complete  control,  which  Goltz  ascribed  to  loss  of  tactile  sensibility.  Gohz  thi^te 
the  exUnt  of  the  injury  has  more  to  do  with  the  result  than  the  locality.  The  rfawariwi  af 
motion  was  not  due  to  the  action  of  the  corresponding  centre  of  the  opposite  side,  as  dtUiliM 
of  this  centre,  although  it  produced  the  usual  s3rmptoms  on  the  side  which  it  governed,  had  so 
effect  on  the  previous  result  {Carvilie and Duret),"] 

[In  the  monkey,  the  experiments  of  Ferrier  tend  to  show  that  destractkxi 
of  a  motor  centre,  e.  g.,  that  for  the  arm,  results  in  permanent  paralysis  di  the 
arm  of  the  opposite  side,  and  if  the  centres  for  the  arm  and  leg  are  destroyed, 
there  is  permanent  hemiplegia  of  the  opposite  side.  "  In  order  that  the  hcnu- 
plegia  or  paraplegia  produced  by  cortical  ablation  shall  be  complete,  it  is  nec- 
essary to  include  the  part  of  the  marginal  gyrus  corresponding  in  longitudiiul 
extent  to  the  excitable  areas  of  the  external  surface."  The  amount  of  paialysb 
produced  by  ablation  of  the  marginal  gyri  alone  is  as  great  as  that  caused  by 
removal  of  the  much  more  extensive  external  areas ;  but  the  complexity  ii 
the  muscular  movements  which  are  governed  from  these  areas  is  much  grea^ 
than  in  those  governed  from  the  marginal  gyrus  {Schdfer  and  Horsity).'] 
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[In  man,  records  of  destructive  lesions  of  the  motor  areas  in  whole  or  part 
have  now  accumulated  to  such  an  extent  as  to  leave  no  doubt  that  if  there  be, 
say,  a  destructive  lesion  of  the  middle  third  of  the  cortex  of  the  ascending 
frontal  and  ascending  parietal  convolutions,  there  will  be  paralysis  of  the  arm  of 
the  opposite  side;  and  the  same  is  true  for  the  other  centres.] 

In  extirpation  or  ablation  of  the  motor  centres,  again,  much  confusion 
has  arisen  from  comparing  the  results  obtained  on  different  animals.  In  the  dog 
there  is  no  permanent  motor  paralysis,  in  the  monkey  and  man  there  is.  The 
difference  is  this,  that  in  the  dog  the  lower  centres,  perhaps  the  basal  ganglia, 
are  able  to  subserve  the  execution  of  those  co-ordinated  movements  required  for 
standing,  progression,  etc  As  we  proceed  higher  in  the  animal  scale,  the 
motor  cortical  centres  assume  more  and  more  of  the  functions  subserved  by  the 
basal  ganglia  in  lower  animals.  There  is,  as  it  were,  a  gradual  displacement  of 
motor  centres  connected  with  volitional  motor  acts  to  the  cortical  region,  as  we 
ascend  in  the  zoological  scale.] 

Differences  in  Animals. — The  higher  the  deTelopment  of  the  mtelligence  of  animals,  the 
moie  have  their  movements  been  learned,  and  the  more  have  they  gradually  come  to  be  controlled 
by  the  will ;  in  them  the  disturbance  of  the  motor  phenomena  becomes  more  pronounced  and  per- 
sistent  after  destruction  of  the  cortical  psychomotor  centres.  Whilst  in  the  lower  vertebrates, 
indading  the  birds,  extirpation  of  the  whole  hemispheres  does  not  materially  interfere  with  move- 
meats,  the  co-ordinated  reflex  movements  being  sufficient — in  dogs  occasiooally,  but  exception- 
ally, extirpation  of  several  motor  areas  produces  visible  permanent  disturbance  of  nx)tor  acts — 
and  in  monkeys  and  men  ({  378)  the  paraljrtic  phenomena  may  be  intense  and  persistent 

Acquired  Movements. — Among  the  movements  performed  by  men  are  many  which  have 
been  acauired  after  much  practice,  and  have  been  subjected  to  voluntary  control,  eg,y  the  move- 
ments of  the  hands  for  many  manual  occupations.  After  a  lesion  of  certain  motor  areas,  such 
movements  are  re-acquired  only  very  slowly  and  incompletely,  or  it  may  be  not  at  all.  [The  in- 
terference with  these  finer  acquired  movements  sometimes  becomes  very  marked  in  lesions  of  the 
motor  areas  produced  by  hemorrhage,  and  in  some  cases  of  hemiplegia.]  Those  movements, 
however,  which  are,  as  it  were,  innate  [or  as  they  are  sometimes  termed  fundamental,  in 
opposition  to  acquired],  and  are  under  the  c<mtrol  of  the  will  without  much  practice — such  as 
the  associated  movements  of  the  eyes,  face,  some  of  those  of  the  limbs — are  either  rapidly 
restored  after  the  lesion,  or  they  appear  to  suffer  but  slightly  after  a  lesion  of  the  cerebral  cortex ; 
the  fiidal  muscles  are  never  so  completely  paralyzed  as  ftxnn  a  lesion  of  the  trunk  of  the  facial 
nerve  ;  usually  the  eye  can  be  dosed  in  the  former  case.  The  movements  necessary  for  sucking 
have  been  performed  by  hemicephalic  infants. 

TbeoreticaL — Hitzig  ascribes  the  disturbance  of  movement,  after  the  removal  of  the  motor 
centres,  to  the  loss  of  the  *'  muscular  sensibiiily.**  Schiff  refers  it  to  the  loss  of  tactile  sensibility. 
According  to  Ferrier,  the  tactile  and  sensory  impressions  are  not  appreciably  diminished  or  altered. 
The  descending  degeneration  of  the  pyramidal  tracts  in  the  lateral  columns,  according  to  Schiff, 
occurs  after  section  of  the  posterior  half  of  the  cervical  spinal  cord,  or  even  after  section  of  the 
posterior  part  of  the  lateral  columns.  After  dividing  the  latter,  and  allowing  secondary  degen- 
eration to  take  place,  it  is  not  possible  to  discharge  movements  by  stimulating  the  cortex  cerebri. 
[Schiff  divided  the  posterior  column  of  the  cord,  and  found  that  stimulation  of  the  opposite 
motor  cortex  fiitled  to  excite  movements  in  the  opposite  fore  limbs.  He  supposed  that  this  result 
was  due  to  ascending  degeneration.  Horsley  nnds,  however,  that  Schiff 's  results  are  due  to 
transverse  aseptic  myelitis  at  the  seat  of  operation,  thus  causing  a  ** block ''  there  in  the  motor 
tract.]  The  posterior  columns,  and  their  continuation  upwards  to  the  brain,  are  supposed  to 
carry  the  impulses  upwards  to  the  cerebrum  (ascending  the  limb  of  the  reflex  arc),  where,  after 
being  modified  in  the  centres,  they  are  carried  outwards  by  the  pyramidal  tracts  (descending  limb 
of  the  reflex  arc^.  [Some  hold  that  the  posterior  columns  are  directly  connected  with  the  cortical 
motor  area,  while  others  think  that  a  sensory  perceptive  centre  is  interposed  between  the  afferent 
and  efferent  impulses.]  Between,  but  deeper  in  the  brain,  lie  the  centres  for  tacdle  sensibility. 
Landois  and  Eulenburg  observed  in  a  dog,  from  which  the  motor  centres  for  the  extremities  had 
been  removed  on  both  sides,  that  the  movements  became  completely  ataxic,  i .^.,  the  animal  could 
not  execute  such  coordinated  movements  as  walking,  standing,  etc  Goltz  regards  the  disturb- 
ances of  movement  after  injury  of  the  cortex  as  due  to  inhiHtion.  Schiff  maintains  that  when 
the  cortex  cerebri  b  stimtUated  we  do  not  sdmulate  a  cortical  centre,  but  only  the  sensory 
channels  of  a  reflex  arc,  the  continuation  of  the  posterior  columns,  so  that  on  this  supposition  the 
moTcments  resulting  firom  stimulation  of  the  motor  points  would  be  reflex  movements.  The 
centres  lie  deeper  in  the  brain.    This  view  is  not  generally  entertained. 
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Modifying  Conditions. — ^The  excitability  of  the  motor  centres  is  capable 
of  being  considerably  modified.  [In  deep  ether-narcosis » stimulation  of  the 
motor  region  of  the  cortex  does  not  produce  contraction,  but  stimuiatioD  of 
the  subjacent  white  matter  does.]  Stimulation  of  sensory  nerves  diminishes  it  ; 
thus,  the  curve  of  contraction  of  the  muscles  becomes  lower  and  longer,  whik 
the  reaction-time  is  lengthened  simultaneously.  Only  when,  owing  to  strong 
stimulation,  the  reflex  muscular  contractions  are  vigorous,  the  excitability  of  the 
cortical  centres  appears  to  be  increased.  Specially  noteworthy  is  the  fatct  that, 
in  a  certain  stage  of  morphia-narcosis,  a  stimulus  which  is  too  feeble  to 
discharge  a  contraction  becomes  effective  at  once,  if  immediately  before  the 
stimulus  is  applied  to  the  cortical  centre,  the  skin  of  certain  cutaneous  areas  be 
subjected  to  gentle  tactile  stimulation.  When  sfnmg  pressure  is  applied  to  the 
foot,  the  contractions  become  tonic  in  their  nature,  so  that  all  stimuli,  which 
under  normal  conditions  produce  only  temporary  stimulation,-  now  sttmokte 
these  centres  continuously.  If,  during  the  tonic  contraction,  during  morphia- 
narcosis,  one  gently  strokes  the  back  of  the  foot,  blows  on  the  ^e,  gently  taps 
the  nose,  or  stimulates  the  sciatic  nerve,  suddenly  relaxation  of  the  mnsdes 
again  occurs.  These  phenomena  call  to  mind  the  analogous  observations  in 
hypnotized  animals  (§  374).  [Sub-minimal  stimuli  applied  to  a  centre  &il  to 
excite  movement,  but  sometimes  if  the  skin  over  the  muscle  corresponding  to 
the  area  stimulated  be  gently  stroked,  contraction  may  take  place.  That 
results  seem  to  show  how  complex  volitional  motor  acts  are,  and  that  they  hafc 
some  relation  to  afferent  impulses  arising  in  cutaneous  surfaces/]  Another  ver? 
remarkable  observation  is,  that  when  either  owing  to  a  reflex  e£[ect,  or  to  sir9^ 
electrical  stimulation  of  a  cortical  centre,  contraction  of  the  correspcxiding 
muscles  is  produced,  then  /eed/e  stimulation  of  the  same  centre,  but  abo  <^ 
other  centres,  suppresses  the  movement.  Thus,  we  have  the  remarkable  bd 
that,  according  to  the  strength  of  the  stimulus  applied  to  the  motor  apparats, 
we  can  either  produce  movement  or  suppress  a  movement  already  in  progress 
{Bubnoff  and  Heidenhain), 

[Excision  of  the  Thjrroid  affects  the  nerve-centres.  After  thyroidectoiny  (twemj-fev 
hours^  the  tetanus  obtained  by  stimulating  the  cortex  is  greatly  changed.  It  cesses  wfaeo  tk 
stimulaling  current  is  shut  off,  as  suddenly  as  that  obsenred  on  stimulating  the  corooar  a&n. 
In  more  advanced  cases  the  tetanus  is  soon  exhausted,  and  is  often  followed  by  donic  cpOcptoiri 
spasms.  In  the  latter  stages,  after  thyroidectomy,  there  may  be  only  a  feeble  tetanus,  or  aoae 
at  all,  on  stimulating  the  motor  areas,  so  great  is  the  state  of  depression  of  fbnctkn  of  ibex 
centres  (^^rj/fy).  Actual  structural  changes  take  place  in  the  central  nerrous  syittem,  aad  Ai- 
tokraton  concludes  that,  in  the  absence  of  the  thyroid,  a  poison  accumulates  in  the  ni^niMi 
and  acts  specially  on  the  nervous  system.] 

S Warner  has  directed  attention  to  visible  muscular  movements  apart  fixm  diose  stn&dii 
,    epsy,  chorea,  athetosis — and  including  attitude,  gait,  movements  of  the  eyeballs^  positioe  d. 
the  hand,  and  posture  in  general,  etc. — as  expressive  of  states  of  the  brmin  and  uufc><eB 
trcs.] 

[Electrical  Variations  accompanying  cerebral  action. — That  an  hn- 
pulse  is  conducted  along  the  pyramidal  tracts  when  the  motor  areas  are  stins- 
lated  was  proved  by  Gotch  and  Horsley.  By  means  of  non-polarizable  ^' 
trodes  applied,  one  to  the  transverse  section  of  the  cord  in  the  lower  doml 
region,  and  the  other  a  little  higher  up  on  the  longitudinal  sur^ice  of  the  and. 
they  led  off  to  an  electrometer  the  current  thus  obtained  from  the  cord.  Thcj 
found  on  stimulating  the  area  for  the  hind  limb  in  the  cortex  that  they  ohuii^ 
a  negative  variation  of  the  cord  current,  or,  in  other  words,  a  current  of 
action;  but  no  current  was  obtained  when  other  parts  of  the  cortex  were 
stimulated.  If  from  stimulation  of  any  area  other  than  the  leg  area,  epilqB) 
happened  to  be  produced,  then  currents  of  action  were  noted  in  the  lower 
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dorsal  region,  and  moreover  the  oscillations  of  the  mercury  of  the  electrometer 
corresponded  to  the  type  of  muscular  contraction,  1.  e.^  whether  the  contrac- 
tions were  tonic  or  clonic.  It  seems  evident,  therefore,  that  when  the  motor 
regions  of  the  cortex  are  excited,  nervous  impulses  accompanied  by ''  currents 
of  action"  are  transmitted  downwards  along  the  pyramidal  tracts.] 

[Beck  and  Fleischl  have  recently  asserted  that  afferent  impulses  passing  to 
the  cerebral  areas  lead  to  a  negative  variation  of  the  nerve-current  of  the 
cortex  cerebri.  Caton,  in  1875,  described  electrical  currents  of  the  cortex 
cerebri.] 

376.  SENSORY  CORTICAL  CENTRES.— [There  must  be  some 
connection  between  the  surface  of  the  brain  and  the  afferent  channels  through 
which  sensory  impulses  pass  inwards,  and  although  the  channels  for  sensory 
impulses  are,  perhaps,  not  so  definitely  localized  as  those  for  voluntary  motion, 
still  we  know  that  sensory  impulses  for  the  opposite  half  of  the  body  travel 
upwards  through  the  posterior  third  of  the  posterior  limb  of  the  internal  cap- 
sule (fig.  636,  S),  to  radiate  in  all  probability  into  the  occipital  and  temporo- 
sphenoidal  lobes.  Parts  of  these  convolutions  are  sometimes  spoken  of  as 
**  sensory  centres  "  or  "  psycho-sensorial  "  areas.] 

[The  same  methods  have  been  applied  to  the  investigation  of  these  centres,  viz.,  stimulation 
and  extirpation.  Stimulation. — Ferrier  found  that  electrical  stimulation  of  the  angular  gyms 
(monkej)  caused  movements  of  the  eyeballs  towards  the  side,  with  sometimes  associated  move- 
ments of  the  head,  but  he  regarded  these  as  reflex  movements,  so  that  for  this  and  other  reasons 
he,  in  his  earliest  contributions,  considered  the  angular  gyrus  and  adjacent  parts  as  the  *<  centre 
for  vision.*'  On  stimulating  the  first  temporo-sphenoidal  convolution,  the  monkey  pricked  the 
opposite  ear,  the  pupils  dilated,  while  the  head  and  ears  turned  to  the  opposite  side ;  it  exhibited 
movements  similar  to  those  caused  by  a  loud  sound  ;  these  movements  are  also  reflex  phenom- 
ena, so  that  he  located  the  *'  auditory  centre ''  in  this  region,  and  on  somewhat  similar  grounds. 
As  the  result  of  inferences  from  the  stimulation  and  extirpation  of  other  parts,  he  referred  the 
centres  for  smell  and  taste  to  the  tip  of  the  temporo-sphenoidal  lobe,  and  for  touch  to  the  hip- 
pocampus major,  but  all  these  statements  have  not  been  confirmed.] 

jTGoltz  experimented  on  dogs  by  washing  away  the  cortex  cerebri,  and  found  that  when  a 
snmcient  amount  of  the  gray  matter  is  removed,  and  after  recovery  from  the  immediate  effects 
of  the  operation,  there  is  a  peculiar  defect  of  vision  and  other  sensory  defects,  but  so  far  Goltz 
has  not  found  that  there  is  any  difference  in  this  respect  between  removal  of  the  anterior  and 
{X)Sterior  lobes  of  the  dog*s  brain.  The  dog  is  not  blind,  as  it  can  see  and  use  its  eyes  to  avoid 
obstacles,  but  it  seemed  as  if  the  animal  foiled  to  recognize  food  or  flesh  as  sUcht  when  placed 
before  it;  while  exhibitions,  which,  before  the  operation,  greatly  excited  the  dog,  ceased  to  do 
so.  Goltz  caused  his  servant  to  dress  himself  in  a  mummePs  red-colored  garb,  which  previously 
had  greatly  excited  the  dog,  but  after  the  operation  the  dog,  although  it  was  not  blind,  was  no 
longer  excited  thereby.  Nor  was  it  afterwards  cowed  by  the  appearance  of  a  whip.  After  a 
time  there  was  recovery  to  a  certain  extent  if  the  animal  was  trained,  whether  by  the  deposition 
of  new  impressions,  or  by  opening  up  new  channels,  or  by  the  partial  recoveiy  of  some  parts  of 
the  gray  matter  not  removed,  it  is  impossible  to  say.] 

[Monk  has  mapped  out  the  surface  of  the  brain  into  a  series  of  «  sensory  '*  or  psycho-sensorial 
centres,  but  he  distinguishes  between  complete  and  total  extirpation  of  these  centres  and  the 
phenomena  which  follow  these  operations.j 

When  these  centres  are  partially  disorganized,  the  mechanism  of  the  sensory 
activity  may  remain  intact,  but  *'  the  conscious  link  is  wanting."  A  dog  with 
its  centres  thus  destroyed,  sees,  hears,  or  smells,  but  it  no  longer  knows  what 
it  sees,  hears,  or  smells.  These  centres  are  in  a  certain  sense  the  seat  of  expe- 
rience that  has  been  acquired  through  the  organs  of  sense.  Stimulation  of 
these  centres  may  give  rise  to  movements,  such  as  occur  when  sudden  intense 
sensory  impressions  are  produced.  These  movements  are  in  no  way  to  be 
confounded  with  the  movements  which  result  from  direct  stimulation  of  the 
motor  cortical  centres.  To  this  group  of  movements  belong  dilatation  of  the 
pupil  and  the  fissure  of  the  eyelids,  as  well  as  lateral  movements  of  the  eye- 
ball. 


8g6  VISUAL   CENTRES.  [ScC.  376. 

I.  "The  visual  area,"  according  to  Mimk,  embraces  the  outer  convex 
p£irt  of  the  occipital  lobe  of  the  dog's  bnin. 
[This  area  and  its  connections  are  represented  in 
fig.  613.  It  is,  therefore,  in  the  area  supplied  by 
the  posterior  cerebral  artery.  In  all  probability, 
however,  it  also  embraces  the  mesial  aspect  of  the 
occipital  lobe,  including  the  cuneus  Cfig.  607).]  U 
the  occipital  lobes  be  completely  destroyed,  the 
dog  remains  permanently  blind  ("  cortical  or  ab- 
solute blindness  ").  If.however,  only  thecentia] 
circular  area  be  destroyed,  there  is  loss  of  the  coq- 
scious  visual  sensation,  which  may  be  called 
"psychical  blindness"  (JIftinJt')  [a  condition 
of  visual  defect  like  that  observed  by  Goltz  in  the 
dog,  in  which  the  dog  saw  an  object,  e.  g.,  its  food, 
but  &iled  to  recognize  it  as  snch.  There  is  a  cer- 
tain amount  of  recovery  if  the  whole  visual  area  be 
not  removed.  According  to  Scbafer,  the  vism: 
area  of  the  cerebral  cortex  in  the  monkey  comprises 
the  whole  of  the  occipital  lobe,  and  perhaps  a  part 
of  the  angular  gyrus.  He  finds,  with  Muak,  thaIr^ 
Fig.  613.  movalofoQeoccipitallobeisfollowedbybemiano- 

CoDise  of  the  psycho-optic     pia, /.  ^.,  blindness  in  the  lateral  half  of  eachretiM 
fibres  (after  Atunk).  corresponding    to    the    side    operated    on.    The 

blindness  passes  off.  Removal  of  both  occipitil 
lobes  is  said  to  produce  total  and  permanent  blindness,  whereas  destmcticn  of 
the  cortex  of  both  angular  gyri  is  not  followed  by  any  appreciable  pennuunt 
defect  of  vision.     Ferrier,  however,  does  not  accept  these  statements.] 

[Ferrier  and  Yeo  find  that  after  operations  conducted  antiseptically,  Fenranl 
of  both  occipital  lobes  (monkeys)  does  not  cause  any  recognizable  disturtoocf 
of  vision,  or  other  bodily  or  mental  derangement,  provided  the  lesion  does  iM 
extend  beyond  the  parietooccipital  fissure.  Nor  does  destruction  of  both 
angular  gyri  cause  permanent  loss  of  vision ;  such  loss  of  vision  lasts  cmiIj  three 
days,  so  that  in  Ferrier's  original  experiments  the  animals  lived  fpr  too  short  1 
time  after  the  operation  to  enable  a  just  conclusion  to  be  arrived  at.  Destruc- 
tion of  both  angular  gyri  and  occipital  lobes  causes  total  and  permanent  blind- 
ness in  both  eyes  in  monkeys,  without  any  impairment  of  the  other  sensK  ot 
motor  power.     This  region  Ferrier  calb  the  "  occipi to-angular  region." 

[Stimulation  of  the  angular  gyrus  causes  movements  of  the  eyes  to  tbe 
opposite  side,  with  closure  of  the  eyelids  and  contraction  of  the  pupil.  TIm 
eyeballs  were  directed  upwards  or  downwards  according  as  the  electrodes  were 
applied  to  the  anterior  or  posterior  limb  of  the  angular  gyrus  (^Ferrier).  StiBBO- 
lation  of  the  whole  of  the  cortex  of  the  occipital  lobe,  including  its  mesial  aid 
under  surfaces,  causes  conju^te  deviation  of  the  eyes  to  the  opposite  side,  tbe 
direction  of  movement  varying  with  the  position  of  the  electrodes.] 

Mauthnei  denies  the  existence  of  coHicbI  blimiitets,  and  believei  that,  afta  desuatlioa  a' 
the  middle  of  the  visual  centre,  the  reason  wbj  the  dog  does  do(  recc^aizc  the  object  viik  1^ 
oppoute  eye  is  beCBiue,  owing  to  there  being  odI;  indirect  vinon,  (ben  ii  do  diMinct  iiiujiLW" 
on  the  retina.  The  position  of  the  visual  Centre  bu  been  Tarionil;  rtoted  bjr  difaV 
observers.  According  to  Feirier,  in  the  Aag  it  lies  in  the  occifHtal  part  of  the  III  primaiT  <»- 
volution,  near  the  spots  marked  t,  t,  i,  in  fig.  609 ;  according  to  his  newer  researcbel;  b  tb 
occipital  lobe  and  gyrus  angularis. 

Connection  with  the  Retina.— Munk  asserts  that  in  di^  ioth  retins  arc  coonected  ni 
each  vijual  cortical  centre,  and  in  such  a  manner  that  the  greatest  part  of  each  rcttoabcoDMCtr: 
with  the  opponle  conical  centre,  and  only  by  the  most  external  lateral  marginal  pait  *id  l^ 
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ceotre  of  the  jam/ side  (fig.  613).  If  we  imagiDe  the  surface  of  one  retina  to  be  projected  upon 
the  centres,  then  the  most  external  margin  of  the  first  is  connected  with  the  centre  of  the  same 
side,  the  inner  margin  of  the  retina  with  the  inner  area  of  the  opposite  centre,  the  upper  margin 
with  the  anterior  area,  and  the  lower  marginal  part  of  the  retina  with  the  posterior  area  of  the 
opposite  side.  The  (shaded)  middle  of  the  centre  corresponds  to  the  position  of  direct  vision  of 
the  retina  of  the  opposite  side  (compare  J  344). 

Stimulation  of  the  visual  centre  in  the  dog  causes  movements  of  the  eyes' 
towards  the  other  side,  sometimes  with  similar  movements  of  the  head  and  con- 
traction of  the  pupils.  If  one  eye  be  excised  from  new-born  dogs,  the  opposite 
visual  centre,  after  several  months,  is  less  developed.  {Munk),  After  extirpa- 
tion of  the  visual  centre  in  young  dogs,  the  channels  which  connect  it  with 
the  optic  nerve  undergo  degeneration  \Monakow)  (§  344). 

In  monkeys,  the  centre  occupies  the  occipital  lobe.  Unilateral  destruction  causes  temporary 
blindness  of  the  halves  of  both  retinae,  i.  ^.,  hemianopia  on  the  side  of  the  injury.  The  visual 
centre  in  pigeons  (fig.  609,  IV,  where  I  is  placed)  lies  somewhat  behind  and  internal  to  the 
highest  curvature  of  the  hemispheres  (Af  Kendricky  Ferriery  Musehold).  The  visual  centre  in 
the  frog  lies  in  the  optic  lobe  (Biaschko), 

[The  visual  path  is  along  the  optic  nerve  to  the  chiasma,  where  the  fibres 
from  the  nasal  half  of  each  retina  cross  to  the  optic  tract,  some  of  the  fibres 
perhaps  becoming  connected  with  the  external  corpora  geniculata,  and 
some  with  the  pulvinar  of  the  optic  thalamus  and  anterior  corpora  quad- 
rigemina,  while  the  great  mass  sweeps  backwards  to  the  occipital  lobes  as  the 
optic  expansion  or  radiation  of  Gratiolet.  Fibres  arise  in  and  pass  from  the 
optic  thalamus  through  the  internal  capsule  (p.  912)  to  the  occipital  lobe. 
Destruction  of  this  path  behind  the  chiasma  causes  hemiopia  or  hemianopia, 
and  certain  diseases  of  the  occipital  cortex  causes  a  similar  result.  Perhaps, 
however,  there  is  another  centre  in  the  angular  gyrus  (and  supra-marginal 
lobe),  for  in  cases  of  word-blindness  disease  has  been  found  in  these  regions. 
Sometimes  flashes  of  light  or  the  appearance  of  a  ball  of  fire  form  the  aura  in 
epilepsy,  and  Hughlings  Jackson  thinks  that  discharging  lesions  of  the  right 
occipital  lobe  cause  colored  vision  more  frequently  than  those  of  the  left.] 

[Removal  of  the  eyeball  and  section  of  the  optic  nerve  result  in  degeneration 
of  the  optic  tract,  for  if  the  eyeballs  be  removed  in  a  young  animal  not  only  is 
there  this  centripetal  degeneration,  but  the  external  geniculate  body,  the  pulvi- 
nar and  anterior  corpora  quadrigemina  do  not  undergo  complete  development. 
The  trophic  centre  for  the  fibres  of  the  optic  tract  is  in  the  nerve-cells  of  the 
retina,  which,  as  its  development  shows,  is  really  a  part  of  the  cerebral  cortex 
greatly  modified.] 

[It  is  stated  that  in  new-born  animals  destruction  of  the  temporal  region 
results  in  imperfect  development  of  the  internal  geniculate  body  and  part  of  the 
posterior  corpus  quadrigeminum.  Destruction  of  the  internal  ear  leads  to 
partial  atrophy  of  the  fillet.  On  these  grounds  it  has  been  suggested,  but  not 
proved,  that  auditory  impulses  pass  along  the  cochlear  branch  of  the  auditory 
nerve  to  the  opposite  auditory  nucleus,  thence  into  part  of  the  fillet,  from  the 
latter  into  the  posterior  corpus  quadrigeminum  and  internal  geniculate  body, 
and  thence  into  the  temporal  region.] 

2.  The  centre  for  hearing,  or  ''auditory  area,"  lies  in  the  dog, 
according  to  Ferrier,  in  the  region  of  the  second  primary  convolution  at/,/,/ 
(fig.  609,  II),  while  in  the  monkey  and  man  it  is  in  the  first  temporal  or 
temporo-sphenoidal  gyrus  (Ferrier* s  centre.  No.  14).  Munk  locates  it  in  the 
same  region.  According  to  Munk,  destruction  of  the  entire  region  causes 
<leafness  of  the  opposite  ear,  while  destruction  of  the  middle  shaded  part  alone 
oauses '' psychical  deafness  "  Q* Seelentaudheit'').  Electrical  irritation  of 
the  upper  two-thirds  of  the  superior  temporal  convolution  is  followed  by  a 
reaction  which  closely  resembles  that  produced  by  a  sudden  fright,  or  that 
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produced  by  a  sudden  unexpected  noise.  [There  is  a  quick  retraction  of  the 
opposite  ear,  /.  ^.,  *'  pricking  *'  of  the  ear  as  if  toward  the  supposed  origin  of 
the  soundy  combined  generally  with  turning  of  the  head  and  eyes  to  that  side, 
and  dilatation  of  the  pupil.]  Ferrier  locates  the  centre  of  the  hearing  in  the 
monkey  in  the  superior  iemporo-sphenoidal  convolution^  and  he  finds  that,  when 
the  centres  on  both  sides  are  extirpated^  the  animal  is  absolutely  deaf;  it  takes 
no  cognizance  of  a  pistol  fired  in  its  neighborhood.  [From  his  experimeots 
on  monkeys,  Schafer  denies  absolutely  the  conclusions  of  the  above-named 
experiments.  Schafer  points  out  that  it  is  not  difficult  to  substantiate  hearing 
in  monkeys ;  it  is  difficult  to  substantiate  deafness,  for  quite  normal  monkep 
will  often  fail  to  pay  the  least  attention  to  loud  sounds.  In  six  monkeys, 
Schafer  asserts  that  after  more  or  less  complete  destruction  of  the  superior 
temporal  gyrus  on  both  sides,  hearing  was  not  perceptibly  affected.  In  one 
case  both  temporal  lobes  were  completely  removed  without  any  permanent 
diminution  in  the  acuteness  of  hearing.  These  results  are  opposed  to  the 
ordinary  clinical  teaching  on  this  subject.]  In  man,  injuries  to  the  first  and 
second  temporo-sphenoidal*  convolutions  on  one  side  do  not  appear  to  cause 
complete  deafness  of  one  ear,  as  it  seems  that  the  sense  of  hearing  for  each  ear 
is  perhaps  represented  on  both  sides.  Bilateral  lesions  of  these  convolutions  in 
roan  cause  complete  deafness.  Disease  of  these  two  convolutions  is  associated 
with  word-deafness  (p.  906).  Wernicke  cites  the  case  of  a  person  fiist 
affected  with  word-deafness,  who  afterwards  became  completely  deaf;  andaft^ 
death  a  bilateral  lesion  was  found  in  the  first  temporo-sphenoidal  convolution. 
These  convolutions  are  supplied  with  blood  by  the  middle  cerebral  or  Sylvian 
artery. 

[The  auditory  paths  are  from  the  auditory  nuclei  in  the  medulla  oblongata 
through  the  pons,  where  they  perhaps  cross  into  the  tegmentum,  thence  into 
the  "sensory  crossway,*'  and  onwards  to  the  auditory  centre.] 

[Auditory  Aurse. — Equally  important  with  these  effects  of  disease  are  the  sensory  inprcs- 
sions,  or  **  aurse,"  which  sometimes  usher  in  an  attack  of  epilepsy ;  sometimes  these  anne  coa- 
sist  of  sounds  or  noises,  and  in  these  cases  the  seat  of  the  disease  is  often  in  the  first  tenq>ar> 
sphenoidal  convolution.] 

[3.  The  olfactory  centre  has  not  been  so  definitely  located  as  some  of 
the  others.  There  is  strong  presumptive  evidence  that  it  is  sitoated  in  the 
hippocampal  region  of  the  temporal  lobe,  at  its  lower  extremity.  The  view  is 
strengthened  by  the  anatomical  relations  of  this  region  to  the  olfactory  tract 
and  anterior  commissure  (^Ferrier),  M'Lane  Hamilton  has  recorded  a  case  of 
epilepsy  ushered  in  by  an  aura  of  a  disagreeable  odor,  in  which  there 
atrophy  of  the  gray  matter  of  the  right  uncinate  gyrus.] 


[Olfactory  Path. — Although  the  outer  root  of  the  olfactory  tract  runs  direct  to  the 
gyrus,  in  hemiatUBsthesia  resulting  from  injury  to  the  *'  sensory  crossway,'*  smell  is  lost  oa  ihe 
opposite  side,  while  it  is  lost  on  the  same  side  when  the  uncinate  gyrus  is  inyolvcd.  It  maj  be 
that  the  impulses  go  Hrst  to  their  own  side,  and  cross  afterwards.] 

[4.  We  do  not  know  the  centre  for  taste,  and  even  the  course  of  the  nerw 
of  taste  is  disputed.     Ferrier  places  it  close  to  that  of  smell.] 

On  stimulating  the  subiculum  in  monkeys,  dogs,  cats,  and  rabbits,  he  observed  peculiar  oow- 
ments  of  the  lips  and  partial  closure  of  the  nostrils  on  the  same  side  ({  365).  In  maxuaib- 
jective  olfactory  and  gustatory  perceptions  are  regarded  as  irritative  phenomena,  while  kns  of 
these  sensory  activities,  often  complicated  with  other  cerebral  phenomeea,  is  regarded  »s  • 
symptom  of  their  paralysis. 

[The  gustatory  path  crosses  in  the  posterior  part  of  the  posterior  segment  of  the  ictexsal 
capsule.  While  Gowers  admits  that  the  chorda  tympani  is  the  nerve  of  taste  lor  the  interior  r«D> 
thirds  of  the  tongue,  he  thinks  that  it  reaches  the  facial  nerve  from  the  spheno- palatine  gaagm 
through  the  Vidian  nerve.     He  denies  that  the  glosso-pharyngeal  is  concerned  in  taste,  and  *  he 
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beUeTCS  that  taste  impressions  reach  the  brain  solely  by  the  roots  of  the  5th  nerve.''  He 
adaiits  that  the  nerves  of  taste  to  the  back  part  of  the  tongue  may  be  distributed  with  the  glosso- 
pharyngeal, reaching  them  through  the  otic  ganglion  by  the  small  superficial  petrosal  and  tympanic 
plexus.] 

[5.  Ferrier  places  the  centre  for  tactile  sensation  in  the  hippocampal 
region,  close  to  the  distribution  of  part  of  the  posterior  cerebral  artery ;  so  far 
this  has  not  been  confirmed.  The  centre  for  the  sensation  of  pain  has  not 
been  defined ;  probably  it  is  very  diffuse.  The  limbic  lobe,  according  to 
Broca,  includes  the  hippocampal  convolution  and  the  gyrus  fornicatus. 
Ferrier  found  that  removal  of  the  hippocampal  region  resulted  in  a  diminution 
of  the  sensibility  of  the  opposite  side  of  the  body.  Horsley  and  Schafer  ob- 
served only  a  temporary  hemiansesthesia,  but  they  found  that  an  extensive  lesion 
of  the  gyrus  fornicatus  was  followed  by  hemianaesthesia,  more  or  less  marked 
and  persistent,  so  that  cutaneous  sensibility  has  been  referred  to  this  con- 
volution (fig.  607).  From  their  experiments  these  observers  conclude  that  the 
limbic  lobe  "is  largely  if  not  exclusively,  concerned  in  the  appreciation  of 
sensations,  painful  and  tactile."] 

6.  Munk  is  of  opinion  that  the  surface  of  the  cerebrum  in  the  region  of  the  motor  centres 
acts  at  the  same  time  as  "  sensory  areas  "  \^^ FuhUphdre  "),  1.  ^.,  they  serve  as  centres  for  the 
tactile  and  muscular  sensations  and  those  of  the  innervation  of  the  opposite  side.  He  asserts 
that  after  injury  to  these  regions  the  corresponding  functions  are  affected. 

According  to  Bechterew,  the  centres  for  the  perception  of  tactile  impressions,  those  of  inner- 
vation, of  the  muscular  sense,  and  painful  impressions  are  placed  in  the  neighborhood  of  the 
motor  areas  (dog) ;  the  first  immediately  behind  and  external  to  the  motor  areas,  the  others  in 
the  region  close  to  the  origin  of  the  Sylvian  fissure.     (See  also  p.  910.) 

Goltz,  who  first  accurately  described  the  disturbances  of  vision  following  upon  injuries  to  the 
cortex  in  dogs,  is  opposed  to  the  view  of  sensory  localization.  He  believes  that  each  eye  is  con- 
nected with  both  hemispheres.  He  asserts  that  the  disturbance  of  vision,  after  injury  to  the  brain, 
consists  merely  in  a  diminished  color-  and  space- sense.  The  recovery  of  the  visual  perception 
of  one  eye  after  injury  of  one  side  of  the  cortex  cerebri,  he  explains  by  supposing  that  this  injury 
merely  causes  a  temporary  inhibition  of  the  visual  activity  in  the  opposite  eye,  which  disappears 
at  a  later  period.  Instead  of  psychical  blindness  and  deafness  he  speaks  of  a  "  cerebro  optical " 
and  *'  cerebro-acoustical  weakness.*' 

377.  THERMAL  CORTICAL  CENTRE^.— Eulenburg  and  Landois  discovered  an 
area  on  the  cortex  cerebri,  whose  stimulation  produced  an  undoubted  effect  upon  the  tempera- 
ture and  condition  of  the  blood-vessels  of  the  opposite  extremities.  This  region  (fig.  609,  I,  /) 
generally  embraces  the  area  in  which,  at  the  same  time,  the  motor  centres  for  the  fiexors  and 
rotators  of  the  fore  limb  (3),  and  for  the  muscles  of  the  hind  limb  (4)  are  placed,  llie  areas  for 
the  anterior  and  posterior  hmbs  are  placed  apart,  that  for  the  anterior  limb  lies  somewhat  more 
anteriorly,  close  to  the  lateral  end  of  the  crucial  sulcus.  Destruction  of  this  region  causes  in- 
crease of  the  tempeiature  of  the  opposite  extremities;  the  temperature  may  vary  considerably 
(1.5®  to  2®,  and  even  rising  to  13®  C.}.  This  result  has  been  confirmed  by  Hitzig,  Bechterew, 
Wood,  and  others.  This  rise  of  the  temperature  is  usually  present  for  a  considerable  time  after 
the  injury,  although  it  may  undergo  variations.  Sometimes  it  may  last  three  months,  in  other 
cases  it  gradually  reaches  the  normal  in  two  or  three  days.  In  well-marked  cases  there  is  a 
diminution  of  the  resistance  of  the  wall  of  the  femoral  artery  to  pressure,  and  the  pulse-curve  is 
not  so  high  (Reinke),  Local  electrical  stimulation  of  the  area  causes  a  slight  temporary  cool- 
ing of  the  opposite  extremities,  which  may  be  detected  by  the  thermo  electric  method.  Stimula- 
tion by  means  of  common  salt  acts  in  the  same  way,  but  in  this  case  the  phenomena  of  destruc- 
tion of  the  centre  soon  appear.  As  yet,  it  has  not  been  proved  that  there  is  a  similar  area  for 
each  half  of  the  head.  The  cerebro- epileptic  attacks  ({  375)  increase  the  bodily  temperature,  partly 
owing  to  the  increased  production  of  heat  by  the  muscles  (§  302),  partly  owing  to  diminished 
radiation  of  heat  through  the  cutaneous  vessels,  in  consequence  of  stimulation  of  the  thermal 
cortical  nerves.  The  experiments  led  to  no  definite  results  when  performed  on  rabbits.  Accord- 
ing to  Wood,  destruction  of  these  centres  occasions  an  increased  production  of  heat  that  can  be 
measured  by  calorimetric  methods,  while  stimulation  causes  the  opposite  result. 

These  experiments  explain  how  psychical  stimulation  of  the  cerebrum  may  have  an  effect  upon 
the  diameter  of  the  blood-vessels  and  on  the  temperature,  as  evidenced  by  sudden  paleness  and 
congestion  (}  378,  HI). 

[Heat  Production. — Injury  to  the  fore-brain  has  no  effect  on  the  tempera- 
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ture.  If  the  brain  of  a  rabbit  be  punctured  through  the  large  fontanelle,  and 
the  stylet  be  forced  through  the  gray  matter  on  the  surface,  white  matter,  aod 
the  median  portion  of  the  corpus  striatum  right  to  the  base  of  the  brain,  there 
is  a  rapid  rise  of  the  temperature,  which  may  last  several  days.  Injury  to  the 
gray  cortex  does  not  affect  the  temperatiure.  After  puncture  of  the  coqxB 
striatum,  the  highest  temperature  is  reached  only  after  twenty-four  to  seventy 
hours,  but  when  the  puncture  reaches  the  base  of  the  brain  this  result  occurs  in 
two  to  four  hours.  Electrical  stimulation  of  these  areas  causes  the  same  effect 
on  the  temperature.  Direct  injury  to  certain  parts  of  the  brain  b  followed  by 
a  rise  of  the  temperature — or  fever.  See  also  p.  416  for  further  evidence  of  the 
existence  of  thermal  centres.  There  is  at  the  same  time  an  increase  of  the  0 
taken  in,  the  CO,  given  off,  and  a  decided  increase  of  the  N  given  off,  indicati&g 
an  increase  in  the  proteid  metabolism,  which  points  to  an  increased  production 
of  heat  {Aronsohn  and  Sachs,  Richet,  Wood^J\ 

General  and  Theoretical. — Goltx's  View. — Goltz  uses  a  difTerent  method  to  remove  tbe 
cortex  cerebri — he  makes  an  opening  in  the  skull  of  a  do^,and  by  means  of  a  stream  of  water 
washes  away  the  desired  amount  of  brain-matter.  He  describes,  first  of  all,  inhibitory  pheoo- 
mena,  which  are  temporary  and  due  to  a  temporary  suppression  of  the  activity  of  the  Dertois 
apparatus,  which,  however,  is  not  injured  anatomically ;  tliis  may  be  explained  io  the  same  vtr 
as  the  suppression  of  reflexes  by  strong  stimulation  of  sensory  nerves  (|  361,  3).  In  ad<£tioa, 
there  are  the  permanent  phenomena,  due  to  the  disappearance  of  the  activity  of  the  nerrocs 
apparatus,  which  is  removed  by  the  op>eration.  A  d<^,  with  a  large  mass  of  its  cerebral  cortex 
removed,  may  be  compared  to  an  eating,  complex,  reflex  machine.  It  behaves  like  an  intcosdj 
stupid  dog,  walks  slowly,  with  its  head  hanging  down ;  its  cutaneous  sensibility  is  diminished  ia 
all  its  qualities — it  is  less  sensitive  to  pressure  on  the  skin ;  it  takes  less  cognizance  of  TariatSow 
of  temperature,  and  does  not  comprehend  how  to  feel ;  it  can  with  difficulty  accommodate  itsdf 
to  the  outer  world,  especially  with  regard  to  seeking  out  and  taking  its  food.  On  the  other  hasd, 
there  is  no  paralysis  of  its  muscles.  The  dog  still  sees,  but  it  does  not  understand  what  it  does 
see ;  it  looks  like  a  somnambulist,  who  avoids  obstacles  without  obtaining  a  clear  perccpdacitf 
their  nature.  It  hears,  as  it  can  be  wakened  from  sleep  by  a  call,  but  it  hears  like  a  pexsoo  jas 
wakened  from  a  deep  sleep  by  a  voice — such  a  person  does  not  at  once  obtain  a  di^ioct  percep- 
tion of  the  sound.  The  same  is  the  case  with  the  other  senses.  It  howk  from  hunger,  and  ees 
until  its  stomach  is  filled ;  it  manifests  no  symptoms  of  sexual  excitement. 

Goltz  supposes  that  every  part  of  the  brain  is  concerned  in  the  functions  of  willing,  feefiag. 
perception,  and  thinking.  Every  section  is,  independemly  of  the  others,  connected  by  ooodoctiBg 
paths  with  all  the  voluntary  muscles,  and,  on  the  other  hand,  with  all  the  sensory  nerves  of  the 
ix>dy.     He  regards  it  as  possible  that  the  individual  lobes  have  different  functions. 

After  removal  of  the  anterior  or  frontal  convolutions  and  the  motor  areas,  there  is  at  te 
unilateral  motor  and  sensory  paralysis  and  affection  of  vision.  After  some  months,  there  reoaiat 
only  the  loss  of  the  muscular  sense.  If  the  operation  be  bilateral,  the  i^enomena  are  more  marked ; 
there  are  innumerable  purposeless  associated  movements,  and  the  dogs  become  vicious.  Marked 
and  permanent  distiurbance  in  the  capacity  to  utilize  the  impressions  from  the  sense-organs  is  aot 
a  necessary  consequence  of  removal  of  the  frontal  convolutions. 

Removal  of  the  occipital  lobes  interferes  most  with  vision.  Bilateral  removal  makes  ^ 
animal  almost  blind.  The  dog  remains  obedient  and  lively.  There  is  no  disturbance  of  madoc 
or  of  the  muscular  sense. 

Inhibitory  Phenomena. — Injury  to  the  brain  also  causes  inhibitory  phenomena,  sock  as  the 
disturbances  of  motion,  the  complete  hemiplegia  which  is  frequently  observed  after  hvge  aai- 
lateral  injuries  of  the  cortex  cerebri ;  these  are  regarded  by  Goltz  as  inhibitory  phenomcsa,  doe 
to  the  injury  acting  on  lower  infra-cortical  centres,  whose  action  inhibits  movement,  bat  tkes 
movements  are  recovered  as  soon  as  the  inhibitory  acdon  ceases. 

Other  Effects  Qf  Cortical  Stimulation. — Some  observers  noticed  variations  of  the  bkxtd- 
pressure  and  a  change  in  the  nimiber  of  heart-beats  after  stimulation  of  the  cortex  cerebri.  £^.. 
after  electrical  stimulation  of  the  motor  areas  for  the  extremities  {^Bochefontaime\  Balo^ 
observed  acceleration  of  the  pulse,  on  stimulating  several  points  on  the  cortex  cerebri  of  a  d<^. 
and  from  one  point  slowing  of  the  pulse.  Eckhard  stimulated  the  surface  of  the  brain  in 
and,  as  a  rule,  he  observed  that,  as  long  as  single  crossed  movements  occurred  in  the 
extremities,  there  was  no  effect  upon  the  heart,  but  that  the  heart  became  affected  as 
other  movements  occurred.  This  consists  in  slow,  strong  pulse-beats,  with  occasiooaJ 
beats,  while  at  the  same  time  the  blood -pressure  is  slightly  increased  {BochefsmUmu),  If  tbe 
vagi  be  divided  beforehand,  the  effect  upon  the  pulse  disappears,  while  the  increase  of  dke  hiood- 
pressure  remains.     That  psychical  processes  affect  the  actum  of  the  heart  was  kaowa  to  H<    ^ 
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and  Chrysipp.  Bocbefontaine  and  L6pine,  on  stimulating  several  points,  especially  in  the  neigh- 
borhood of  the  sulcus  cruciatus  in  the  dog,  observed  increased  secretion  of  saliva,  slowing  of 
the  movements  of  the  stomach,  peristalsis  of  the  intestine,  contraction  of  the  spleen,  of  the 
uterus,  of  the  bladder,  and  increased  respirations.  Bufalini,  on  stimulating  those  parts  of  the 
cortex  which  cause  movements  of  the  jaw,  observed  secretion  of  gastric  juice  with  increase  of  the 
temperature  of  the  stomach.  Schiff,  Brown- S^quard,  Ebstein,  Klosterhalfen,  and  others  have 
observed  that  injury  to  the  pons,  corpus  striatum,  thalamus,  cerebral  peduncle,  and  medulla 
oblongata  often  causes  hyperemia  and  hemorrhage  into  the  lung  (according  to  Brown-Sdquard, 
especially  after  injury  to  one  side  of  the  pons,  which  affects  the  opposite  lung),  under  the  pleura, 
in  the  stomach,  intestine,  and  kidneys.  Gastric  hemorrhage  is  common  after  injury  to  the  pons 
just  where  the  cerebral  peduncles  join  it.  Similar  phenomena  have  been  observed  in  man  after 
ap>oplexy  or  cerebral  hemorrhage. 

378.  TOPOGRAPHY  OF  THE   CORTEX  CEREBRI.— A  short 
resumi  of  the  arrangement  of  convolutions,  according  to  Ecker,  is  given  in 

§375- 

I.  The  cortical  motor  afeas  for  the  face  and  the  limbs  are  grouped  around 


Fig.  614.  Fig.  615. 

Fig.  614. — Motor  areas  in  man,  shaded— outer  surface  of  the  left  side  of  human  brain.  Dotted 
area,  the  aphasic  region  (modified  from  Gowers).  Fig.  615. — Inner  surface  of  right  hemi- 
sphere. A.  S.,  area  governing  the  movements  of  the  arm  and  shoulder ;  7r,  of  the  trunk ; 
LEG,  those  of  the  leg;  G/t  gyrus  fomicatus;  CC,  corpus  callosum;  U,  uncinate  gyrus;  O, 
occipital  lobe. 

the  fissure  of  Rolando,  including  the  ascending  frontal,  ascending  |)arietal,  and 
part  of  the  parietal  lobule  on  the  outer  convex  surface  of  the  cerebrum  (fig. 
614).  The  centre  for  the  face  occupies  the  lowest  third  of  the  ascending 
frontal  convolution,  and  reaches  also  to  the  lowest  fifth  of  the  ascending 
parietal.  The  arm  centre  occupies  the  middle  third  of  the  ascending  frontal 
and  middle  three-fifths  of  the  ascending  parietal  convolutions,  while  the  leg 
centre  lies  at  the  upper  end  of  the  sulcus  and  extends  backwards  into  the  parietal 
lobule  (and  perhaps  on  to  the  superior  frontal  convolution)  (fig.  614).  The  leg 
centre  is  continued  over  on  to  the  paracentral  lobule,  opposite  the  upper  end 
of  the  fissure  of  Rolando,  in  the  marginal  convolution  on  the  mesial  aspect  of 
the  hemisphere  (fig.  616),  where  the  centres  for  the  muscles  of  the  trunk  also 
exist  (p.  890).  The  centre  for  speech  is  in  the  posterior  part  of  the  third  left 
frontal  convolution  (fig.  614). 

Blood  Supply. — These  convolutions  are  supplied  with  blood  from  4  to  5  branches  of  the 
Sylvian  artery,  which  may  sometimes  be  plugged  with  an  embolon.  When  a  clot  lodges  in 
this  artery,  the  branches  to  the  basal  ganglia  may  remain  pervious,  whilst  the  cortical  branches 
may  be  plugged  {Duret^  Heubner)  (g  381). 

[Hemiplegia  consists  of  motor  paralysis  of  one-half  of  the  body,  although, 
as  a  rule,  all  the  muscles  are  not  paralyzed  to  the  same  extent ;  sometimes  there 
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may  be  complete  paralysis, »'.  e.,  they  are  entirely  removed  from  volanurr  con- 
trol, while  in  others  there^is  merely  impaired  voluntary  control.  It  Day  be 
caused  by  afiections  of  the  cor- 
tical areas  or  by  IcsioD  of  tbe 
motor  tracts  above  the  mednlU, 
and  the  paralysis  is  always  on 
the  side  opposite  to  the  lesion, 
owing  to  the  decussation  of  the 
motor  paths  in  the  medulb.  If 
the  case  be  a  severe  one,  m 
have  what  Charcot  terms  }um- 
plegie  ceniraU  vulgairt,  or 
"complete  hemipl^ia,"diKto 


Fig.  6i6.  Fig.  617. 

— TmnsTene  section  of  a  cerebral  hemisphere.     CCa,  corpas  calloram  -,  NC.  ctddai 

eus;  NL,  lenticular  nucleus;  IC,  interna!  capsule i  CA,  intenial  carotid  uterj;  (SL, 


;  artery  ;   ("  Artery  of  hemorrhage  ") ;    F,  A,  L,  T,  positico  trf  m 
governing  me  movements  of  the  face,  artn,  leg,  and  trunk  muscles  of  the  cfnisK  --■ 
(f/oriUy).     Fig.  617. — Scheme  of  the  innervation  of  bilaltrally  associated  onncta  (to)- 


lesion  of  the  cortical  centres  for  the  face,  arm,  and  leg.  While  the  ann  ind 
leg  are  completely  paralyzed,  the  tower  part  of  the  face  is  more  affected  tha 
the  upper  half,  which  is  usually  not  much  affected.  All  those  moveraenB  himIci 
.  voluntary  control,  and  especially  those  that  have  been  learned,  are  aboliibeii, 
whilst  the  associated  and  bilateral  movements,  which  even  animals  can  eiecare 
immediately  afterbirth,  remain  more  or  less  unaffected.  Hence,  the  hand  isnwrt 
paralyzed  than  the  arm;  this,  again,  than  the  leg;  the  lower  facial  brancbo 
more  than  the  upper ;  the  nerves  of  the  trunk  scarcely  at  all  (^Ferrier).  "^^^ 
an  extraordinary  effort  is  made,  it  will  be  found  that  there  is  some  impainwrn 
of  the  power  of  the  muscles  of  mastication  and  respiration,  although  themiB- 
cles  on  opposite  sides  act  together  (Gewers).  The  trunk -muscles,  as  a  rale,  W 
but  slightly  affected,  or  not  at  all,  as  their  centre  is  elsewhere.  There  maj  bf 
alterations  of  sensibility  and  of  the  reflexes.] 

[Conduction  through  the  whole  of  the  pyramidal  fibre*  coming  from  one  hemii[Jicre «»'» 
interrupted,  and  ye)  all  tbe  muscles  on  the  opposite  side  of  the  body  are  not  paiiljied.  l^ 
muscles  which  are  compararively  unaffected  are  those  associated  in  their  action  with  ibc  bB^ 
of  the  opposite  side,  e^.,  the  respiratory  muscles.  Broadbetit  assames  that  such  mnacki  lu" 
a  bilateral  representation  in  the  motor  areas.  Suppose  in  fig.  617.  B,  B',  to  represem  tbt  c» 
bral  cortex;  M,  M,  motor  centres  in  it;  N,  N',  nerve  nuclei  in  the  spinal  cord  or  molilb'B- 
longata ;  P.  P',  the  pyramidal  tracts  passing  to  spinal  nuclei  N,  N'  ;  n,  m',  nerva  proceed^ 
from  the  last,     r,  2,  3,4,  5,  represent  dilTerent  lesions.     In  Ibe  case  of  muscles  01  " 

of  the  body,  which  act  independently,  t.f.,  those  of  the  hand,  this  is  all  the  m 
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bilaterally  associated  muscles  there  is  another  mechanism,  viz.,  commissural  fibres  between  the 
nerve  nuclei,  the  one  c  conducting  from  right  to  left,  and  ^  from  left  to  right.  When  there  is 
an  injury  at  I  or  3,  impulses  can  still  pass  from  the  uninjured  side  M  to  N^  and  through  ^  tO 
the  muscles  m,  mf.    In  this  way  both  muscles  receive  motor  impulses  from  one  hemisphere 

Conjugate  deviation  of  the  eyes,  with  rotation  of  the  head,  is  frequently  present  in  the 
early  period  of  hemiplegia,  although  it  usually  disappears.  When  a  person  turns  his  head  to 
one  side,  there  is  an  associated  movement  of  certain  of  the  ocular  muscles  with  those  of  the 
neck.  The  head  and  eyes  are  usually  turned  to  the  side  of  the  lesion ;  this  is  termed  *<  conju- 
gate deviation,"  so  that  the  power  of  voluntarily  moving  the  eyes  and  head  to  the  paralyzed 
side  is  temporarily  lost.  The  unopposed  muscle^  rotate  the  head  and  eyes  to  the  sound  side. 
If  the  lesion  be  in  the  posterior  part  of  the  pons,  the  deviation  is  to  the  paralyzed  side  [^Prtvosf). 
[Such  movements  have  been  obtained  hj  stimulating  the  angular  gyrus,  and  the  posterior 
extremity  of  the  middle  frontal  convolution.] 

[Subsequent  Effects. — If  there  be  a  hemorrhage,  say  into  these  motor  regions,  or  from  the 
lenticulo- striate  artery,  so  as  to  compress  the  pyramidal  fibres  in  the  knee  and  anterior  two- 
thirds  of  the  posterior  segment  of  the  internal  capsule,  then  there  is  usually  tonic  or  persistent 
contraction  of  the  muscles  affected.  These  tonic  spasms  may  accompany  the  hemorrhage,  or 
come  on  a  few  days  after  it,  and  set  up  the  condition  of  early  rigidity.  The  contraction  or 
spasm — if  any — accompanying  the  hemorrhage,  is  due  to  direct  irritation  of  the  pyramidal 
fibres,  while  that  which  comes  on  a  few  days  later,  and  usually  lasts  a  few  weeks,  is  also  due 
to  irritation  of  these  fibres,  probably  produced  by  inflammatory  action  in  and  around  the  seat 
of  the  lesion.  The  affected  limb  is  stiff  and  resists  passive  movement.  After  a  few  weeks,  late 
rif^dity  sets  in  and  is  persistent,  and  it  is  characterized  by  structural  changes  in  the  pyramidal 
paths  which  lead  to  other  results.  There  is  secondary  descending  degeneration  in  the 
pyramidal  tracts,  which  causes  **  contracture  "  in  the  paralyzed  limbs,  while  at  the  same  time 
the  deep  or  (endinous  and  periosteal  reflexes  (ankle-clonus,  rectusclonus,  and  the  deep  reflexes 
of  the  arm-tendons)  are  exaggerated.  The  spastic  rigidity  is  usually  more  marked  in  the  arm 
than  in  the  leg,  and  it  generally  affects  the  flexors  more  than  the  extensors,  so  that  the  upper 
arm  is  drawn  close  to  the  trunk,  the  elbow,  arm,  and  fingers  flexed ;  in  the  leg,  the  extensors 
of  the  leg  overcome  the  peronei.  Hitzig  has  pointed  out  that  the  contracture  is  less  during 
sleep  and  after  rest.  The  muscles  at  first  can  be  stretched  by  sustained  pressure,  hut  after 
months  or  years  structural  changes  occur  in  the  mtiscles,  ligaments,  and  tendons,  and  the  limbs 
assume  a  permanent  and  characteristic  attitude.] 

In  hemiplegic  persons  the  power  of  the  unparalyzed  side  is  sometimes  diminished,  which  is 
not  safficiently  explained  by  the  fact  that  some  bundles  of  the  pyramidal  tracts  remain  on  the 
same  side  {Brown- Siquard,  Charcot), 

[Acquired  Movements. — Some  movements  performed  by  man  are  learned  only  after  much 
practice,  and  are  only  completelv  brought  under  the  influence  of  the  will  after  a  time,  such  as 
the  movements  of  the  hand  in  learning  a  trade.  Such  movements  are  reacquired  only  very 
slowly,  or  not  at  all,  after  injury  to  the  motor  areas  in  which  they  are  represented.  Those 
movements,  however,  which  the  body  performs  without  previous  training,  such  as  the  associated 
movements  of  the  eyeballs,  the  face,  and  some  of  those  of  the  legs,  are  rapidly  recovered  after 
such  an  injury,  or  they  suffer  but  little,  if  at  all.  Thus,  the  facial  muscles  seem  never  to  be  so 
completely  paralyzed  after  a  lesion  of  the  facial  cortical  centre,  as  in  affections  of  the  trunk  of 
the  facial  nerve ;  the  eye  especially  can  be  closed.  Sucking  movements  have  been  observed  in 
bemicephalous  foetuses.] 

Degeneration  of  the  Pyramidal  Tracts. — ^After  destruction  of  the  corti- 
cal motor  areas,  descending  degeneration  of  the  cortico-motor  paths,  or  **/^m- 
midal  tracts, ^^  takes  place  (§  365).  Degenerative  changes  have  been  found  to 
occur  within  the  white  matter  under  the  cortex  in  the  anterior  two-thirds  of 
the  posterior  segment  of  the  internal  capsule  [in  the  middle  third  of  the 
crusta  (figs.  618,  *,  619,  L)],  pons,  in  the  interior  pyramids  of  the  medulla 
oblongata  (fig.  618),  and  thence  they  have  been  traced  into  the  pyramidal 
l>aths  (direct  and  crossed)  of  the  spinal  cord  (^Charcot,  Singer),  It  is  evident 
that  lesions  of  these  tracts  at  any  part  of  their  course  must  have  the  same  result, 
viz.,  to  produce  hemiplegia.  (For  the  subsequent  effects,  see  p.  803).  In  a 
case  of  congenital  absence  of  the  left  forearm,  Edinger  found  that  the  right 
central  convolutions  were  less  developed. 

[The  descending  degeneration  in  the  p)rramidal  tracts  shows  that  their 
trophic  centre  lies  in  the  cells  of  the  motor  part  of  the  cortex.  The  course 
af  the  fibres  from  the  motor  areas  and  their  relative  position  in  the  internal 
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capsule  may  be  traced  by  the  course  of  the  descending  degeneration  (oliowing 
upon  removal  of  a  particular  cortical  motor  area.  France  has  shova  thai 
removal  either  of  the  marginal  or  fornicate  gyms  is  followed  by  descending 
degeneration  of  the  opposite  crossed  pyramidal  tract  traceable  to  ibe  lower 
lumbar  region.] 

It  is  doubtrul  ir  the  muaculu  seoic  i«  reprcscnicd  in  the  motor  areai ;  Nothnicd  aqipiB 
it  lobe  located  in  ihe  temporal  parietal  lobes.  It  is  to  be  noted,  however,  ihu  inmuilMieBij 
be  general  loss  of  tbe  muscular  sense  or  of  motor  repteaenlalions,  and,  on  (he  other  huxl,  iput 
nxitor  pataljsJB  without  loss  of  the  former. 

Ataxic  motor  conditions,  similar  to  those  But  occur  in  animals  (p.  776),  lake  pkct  is  nm, 
and  are  known  m  cerebral  ataxia. 

The  position  of  the  Centres  is  given  at  p.  887. 

[But  we  may  have  localized  lesions  affecting  one  or  more  of  the  coniol 
motor  areas ;  these  are  called  monoplegiac.  Cases  in  man  are  dow  sni- 
ciently  numerous  to  permit  of  accurate  diagnosb.]  Crural  monoplesia 
[rare  lesions  recorded  in  the  convolutions  at  the  upper  end  of  the  (isaR  of 


Fig.  61S.  Tig.  619. 

Fig.  618. — Secondary  deMiending  degeneration  in  middle  thiid  of  right  crui  and  nKdalk.  li^ 
deslniclion  of  the  cortical  motor  centres  on  the  tight  side.  Fig.  619.— Horiiondil  «li" 
of  the  cerebtal  peduaclein  secondary  degeneration  of  the  pyramidal  iraas.wbet  llxltaa 
was  limited  to  the  middle  third  of  the  posleriors^nieni  of  the  internal  capuile.  F,  kalUi^ 
crtista;  L,  locua  niger;  P,  internal  third  of  Ihe  crusia  on  the  diseased  side;  D,  xos^ 
degeneration  in  Ihe  middle  third  of  the  cnista ;  CQ,  corpora  quadrigeniDa  whb  iIk  f 
below  ibem. 

Rolando,  and  the  continuation  of  this  area  on  to  the  paracentral  lobule oJtif 
marginal  convolution],  brachio- crural,  more  common,  in  the  oppetmd 
middle  thirds  of  the  a'icending  frontal  and  ascending  parietal  convolniion'- 
brachial,  brachio -facial — facial,  the  last  in  the  lowest  part  of  the  ctcinl 

Paralysis  of  the  muscles  of  the  neck  and  ihroal  indicates  a  lesion  of  the  cenlnl  con'olitB''' 
and  so  does  paralireis  of  the  muscles  of  the  eye.  Lem>nsof  the  cortex  always  cause  si>nlHM* 
movements  of  the  head  and  eyeballs. 

Irritation  of  the  Motor  Centres. — If  the  motor  centres  are  InitatHl  ^1^ 
pathological   processes,  such  as  hyperaemia,  or  inflammation  in  a  syphiliit 
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diathesis — more  rarely  by  tumors,  tubercle,  cysts,  cicatrices,  fragments  of  bone 
— there  arise  spasmodic  movements  in  the  corresponding  muscle-groups.  This 
condition  of  a  sudden  discharge  of  the  gray  matter  resulting  in  local  spasms  is 
called  <*  Jacksonian,  or  cerebral  epilepsy." 

[Convulsions  and  spasms  may  be  discharged  from  motor  cortical  lesions,  and 
these,  whether  they  affect  the  general  or  localized  areas,  give  rise  to  unilateral 
convolutions  and  monospasm  respectively.] 

Monospasm. — According  to  the  seat  of  the  spasm,  it  is  called  ^^/,  brachial^  crural  mono- 
spasm^  etc.  Of  course  these  spasms  may  affect  several  groups  of  muscles.  Bartholow  and 
Sciamanna  have  stimulated  the  exposed  human  brain  successfully  with  electricity. 

Cerebral  Epilepsy. — Very  powerful  stimulation  of  one  side  may  give  rise 
to  Ma/era/ spasms,  with  loss  of  consciousness.  In  this  case,  impulses  are  con- 
ducted to  the  other  hemisphere  by  commissural  fibres  (§  379).  [It  is  most 
readily  produced  in  animals  lower  in  the  scale  than  monkeys  (p.  887).] 

Movements  of  the  Eyeball. — Nothing  definite  is  known  regarding  the  centre  in  the  cortex 
for  yolontary  combined  movements  of  the  eyeballs  in  man.  In  paralytic  affections  of  the  cortex 
and  of  the  pcUhs  proceeding  from  it,  we  occasionally  find  both  eyes  with  a  lateral  deviation.  If 
the  paralytic  affection  lies  in  one  cerebral  hemisphere,  the  conjugate  deviation  of  the  eyeballs 
is  toward  the  sound  side  (J  345).  If  it  is  situated  in  the  ccnxlucting  paths,  after  these  have 
decussated,  viz.,  in  the  pons,  the  eyes  are  turned  towards  the  paralyzed  side  [Prfvosf), 

If  the  part  be  irritated  so  as  to  produce  spasms  in  the  opposite  half  of  the  body,  of  course  the 
eyes  are  turned  in  the  direction  opposite  to  that  in  pure  paralysis.  Instead, of  the  lateral  devia- 
tion of  the  eyeballs  already  described,  there  is  occasionally  in  cerebral  paralysis  merely  a  weaken- 
ing of  the  lateral  recti  muscles,  so  that  during  rest  the  eyes  are  not  yet  turned  towards  the  sound 
side,  but  they  cannot  be  turned  strongly  towards  the  affected  side  {Leichtensiem,  Hunnius), 
The  centre  for  the  levator  palpebr^e  superioris  appears  to  be  placed  in  the  angular  gyrus  (Grassei^ 
Landouzy). 

II.  The  Centre  for  Speech. — The  investigations  of  Bouilland  [1825], 
Dax  [1836],  Broca  [1861],  Kussmaul,  Broadbent,  and  others  have  shown  that 
the  third  left  frontal  convolution  of  the  cerebrum  (figs.  610,  F3,  and  614) 
is  of  essential  importance  for  speech,  while  probably  the  island  of  Reil  also  is 
concerned.  The  island  is  deeply  placed,  and  is  seen  on  lifting  up  the  over- 
hanging part  of  the  brain  called  the  operculum,  lying  between  the  two  branches 
of  the  Sylvian  fissure  (S).  The  motor  centres  for  the  organs  of  speech  (lips, 
tongue)  lie  in  this  region,  and  here  also  the  psychical  processes  in  the  act  of 
speech  are  completed.  In  the  great  majority  of  mankind,  the  centre  for 
speech  is  located  in  the  left  hemisphere.  The  fact  that  most  men  are  right- 
handed  also  points  to  a  finer  construction  of  the  motor  apparatus  for  the  upper 
extremity,  which  must  also  be  located  in  the  left  hemisphere.  Men,  therefore, 
with  pronounced  right-handedness  (**  droitors")  are  evidently  left-brained 
("gauchers  du  cerveau" — Broca),  By  far  the  greater  number  of  mankind 
are  **  left-brained  speakers'*^  (^Kussmaur)\  s\}^  there  are  exceptions.  As  a 
matter  of  fact,  cases  have  been  observed  of  left-handed  persons  who  lost  their 
power  of  speech  after  a  lesion  of  the  right  hemisphere  {Ogle),  Investigations 
on  the  brains  of  remarkable  men  have  shown  that  in  them  the  third  frontal 
convolution  is  more  extensive  and  more  complex  than  in  men  of  a  lower  mental 
calibre.  In  deaf-mutes  it  is  very  simple ;  microcephales  and  monkeys  possess 
only  a  rudimentary  third  frontal  (^RUdinger), 

The  motor  tract  for  speech  passes  along  the  upper  edge  of  the  island  of 
Reil,  then  into  the  substance  of  the  hemisphere  internal  to  the  posterior  edge 
of  the  knee  of  the  internal  capsule ;  from  thence  through  the  crusta  of  the  left 
cerebral  peduncle  into  the  left  half  of  the  pons,  where  it  crosses,  then  into 
the  medulla  oblongata,  which  is  the  place  where  all  the  motor  nerves  (trige- 
minus, facial,  hypoglossal,  vagus,  and  the  respiratory  nerves)  concerned  in 
speech  arise.     Total  destruction  of  these  paths,  therefore,  causes  total  aphasia ; 
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while  partial  destruction  causes  a  greater  or  less  disturbance  of  the  mechanism 
of  articulation,  which  has  been  called  **  anarthria*'  by  Leyden  and  Wer- 
nicke. 

Conditions  for  Speech. — Three  activities  are  required  for  speech — (i) 
the  normal  movement  of  the  vocal  apparatus  (tongue,  lips,  mouth,  and  respira- 
tory apparatus)  ;  (2)  a  knowledge  of  the  signs  for  objects  and  ideas  (oral,  writ- 
ten and  imitative  or  mimetic  signs) ;  (3)  the  correct  union  of  both. 

Aphasia  (<l  priv.  and  <pdffi<:  speech). — Injury  of  the  speech-centre  causes 
either  a  loss  or  more  or  less  considerable  disturbance  of  the  power  of  speech. 
The  loss  of  the  power  of  speech  is  called  **  aphasia,*^  [Aphasia,  as  usually 
understood,  means  the  partial  or  complete  loss  of  the  power  of  articulate  speech 
from  cerebral  causes.  The  person  is  speechless,  but  not  necessarily  absolutely 
wordless.] 

The  following  forms  of  aphasia  may  be  distinguished:  — 

z.  Ataxic -aphasia  (or  the  oro  lingual  hemiparesis  of  Ferrier),  i,e.^  the  loss  of  speech  owing 
to  inability  to  execute  the  various  movements  of  the  mouth  necessary  for  speech.  Wbeoefcr 
such  a  person  attempts  to  speak,  he  merely  executes  inco-ordinated  grrimaces  and  otters  inaiticB* 
late  sounds.  [The  muscles  concerned  in  articulation,  however,  are  not  paralyzed,  but  there  b 
an  absence  of  co-ordination  of  these  muscles  due  to  disease  of  the  cortical  centre.]  Hence,  the 
patient  cannot  repeat  what  is  said  to  him.  Nevertheless,  the  psychical  processes  necessary  kt 
speech  are  completely  retained,  and  all  words  are  remembered ;  and  hence,  these  persons  can 
still  give  expression  to  their  thoughts  graphically  or  by  writing.  If,  however,  the  finely  adjo^ed 
movements  necessary  for  writing  are  lo^  owing  to  an  affection  of  the  centre  for  the  band,  then 
there  arises  at  the  same  time  the  condition  of  agraphia,  or  inability  to  execute  those  movemeats 
necessary  for  writing.  Such  a  person,  when  he  desires  to  express  his  ideas  in  writing,  only  sac- 
ceeds  in  making  a  few  unintelligible  scrawls  00  the  paper.  Occasionally  such  patients  suffer 
from  loss  of  the  power  of  imitation  or  the  execution  of  particular  movements  of  the  Hn&fas  and 
body  constituting /A»/(7x»fm^  speech  or  amimia  (Kussmaul). 

a.  Amnesic  Aphasia  or  Loss  of  the  Memory  of  Words. — Should  the  patient,  however,  hear 
the  word,  its  significance  recurs  to  him.  The  movements  necessary  for  speech  remain  Intact; 
hence,  such  a  patient  can  at  once  repeat  or  write  down  what  is  said  to  him.  Sometimes  oaly 
certain  kinds  of  words  are  forgotten,  or  it  may  be  only  parts  of  certain  words,  so  that  only  part 
of  these  words  is  spoken.  [Nouns  and  proper  names  usually  go  first]  Case  of  amnesic  aprfiaiBi. 
or  the  mixed  ataxic-amnesic  form  of  disturbance  of  speech,  point  to  a  lesion  of  the  third  froat^ 
convolution  and  of  the  island  of  Reil  on  the  left  side.  Another  form  of  amnesic  aphasia  con- 
sists in  this,  that  the  words  remain  in  one's  memory  but  do  not  come  when  they  are  wanted,  Le^ 
the  association  between  the  idea  and  the  proper  word  to  give  expression  to  it  is  inhibited  {/Cua- 
maul).  It  is  common  for  old  people  to  forget  the  names  of  persons  or  proper  names;  indeed, 
such  a  phenomenon  is  common  within  physiological  limits,  and  it  may  ultimately  pass  into  the 
pathological  condition  of  amnesia  senilis.  Amongst  the  disturbances  of  speech  of  cer^rd 
origin,  Kussmaul  reckons  the  following : — 

3.  Paraphasia,  or  the  inability  to  connect  rightly  the  ideas  with  the  proper  words  to  expres 
these  idea^,  so  that,  instead  of  giving  expression  to  the  proper  ideas,  the  sense  may  be  inverted, 
or  the  form  of  words  may  be  unintelligible.  It  is  as  if  the  person  were  continually  makiog  a 
"  slip  of  the  tongue." 

4.  Agrammatism  and  ataxaphasia,  or  the  inability  to  form  the  words  grammatically  a^ 
to  arrange  them  synthetically  into  sentences.     Besides  these,  there  is — 

5.  A  pathological  slow  way  of  speaking  (bradyphasia),  or  a  ]>athological  and  stutterii^w^ 
of  reading  (tumultus  sermonis),  both  conditions  being  due  to  derangement  of  the  conex 
(Kussmaul),  The  disturbances  of  speech  depending  essentially  upon  affeaions  of  the  peripheral 
nerves,  or  of  the  muscles  of  the  organs  of  the  voice  and  speech,  are  already  referred  to  in  |  j  319, 
349  and  354. 

[In  ^vord-blindness,  the  person  cannot  name  a  letter  or  a  word,  so  that  he 
cannot  understand  symbols,  such  as  printed  or  written  words,  or  it  may  be  any 
familiar  object,  although  he  can  see  quite  well,  while  he  can  speak  fluently  and 
write  correctly.] 

[In  ^vord-deafness,  the  person  hears  other  sounds  and  is  not  deaf,  but  be 
does  not  hear  words.] 

[The  study  of  aphasia  in  its  various  forms  is  simplified  by  a  study  of  the  mode  of  acqaisitioo 
of  language  by  a  child.     The  child  hears  spoken  words  and  obtains  auditory  meousks  of 
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impressioDs  of  these  lounds  (called  bj  Lichtbeim  "auditory  word -representations"),  aod 

this  must  fonn  the  stmrtiDg- point  of  tuigiuge,  and  by  and  by  it  b<^ns  to  co-ordinate  iti  maiclea 
(o  produce  sounds  imitative  of  these.     Thus  we  have  tiro  centres,  one  for  '■  auditory  images" 
(Gg.  6zo,  A),  and  the    other  for  "  motor  images"  (fig.  630,  M),  and  these  two  must  be  con- 
nected, thus  establishing  "  retiex  arc.     Tbcrc  is  a  receptive  and  an  emissive  department  as  repre- 
sented in  the  scbeioe.    We  mojt  assume  the  existence  of  a  higher  centre  (B),  "in  which  concepts 
are  elaborated,"  where  these  sounds  become  intdligible.     Volitional  lang;uage  requires  a  con- 
nection betwecD  B  and  M,  as  well  as  between  A  and  H.    But  we  have  also  reading  and  writing. 
Suppose  O  to  represent  a 
centre  for  visual  itnpres- 
■iocis    (priated    words  or 
writing) ;   these  we   can 
ondnstand   through   the 
connection  between  inch 
visual    impresnons    and 
aud  itoiy    impressions, 
wbereby  a  path  is  estab- 
lisbed  through  OA  (lig. 
631).     In  reading  aioud, 
however,  the   orolingual 
muscles  must  be  co-OTdi- 
nated,   so  we   have  the 

KIb    OAM  opened  up. 
wtiting,  or   copying  ^'SL-  ^^o-  Fig-  **!• 

written    ctaaracteii,    the   Figs.  6zo,  621. — Schemes  of  aphasia.    A,  centre  for  auditory  images; 
moTcments  of  the  hand        M,  for  motor  imases;  B,  perception  centre;  Oc,  eye;  E,  readily 
are  special,  and  perhaps       centre;  I  to  7,  lesions  ^ZicitAetm}. 
require  a  special  centre, 

or  at  least  a  special  arrangement  of  the  channels  for  impulses  in  the  centre ;  the  movements  are 
learaed  under  the  guidance  of  ocular  impressions,  so  we  connect  O  and  £,  E  being  the  centre 
guiding  the  movemeni*  in  writing.  As  to  vojitional  writing,  the  impulse  passes  through  H — but 
doe*  it  pass  directly  to  E,  or  indirectly  through  A  ?  Licblheim  assumes  that  it  goes  direct 
from  M  to  E.  It  ii  evident  that  there  are  seven  cfaaiinels  which  may  be  interrupted,  each  one 
giving  rise  to  a  different  form  of  aphasia  (1  to  7],] 

[Looked  at  from  aoolher  point  of  view,  either  the  ingoii^  (ii)  or  outgoing  (m)  channels  or 
centres,  or  the  commissural  libres  between  both,  may  be  affected.  If  the  motor  centre  is 
affected,  we  have  Wernicke's  "  motor  aphasia  ";  if  the  sensory,  his  "  sensory  aphasia."] 

[In  the  most  common  form,  or  ataxic  aphasia  {Xusimaul),  which  was  that  described  by 
Broca,  or  the  "  motor  aphasia"  of  Wernicke,  the  le^oo  is  in  lig.  610,  in  M,  1. 1.,  in  the  (potor, 
or  what  Ross  calls  the  emissive  department.  In  such  a  case,  it  is  obvious  that  there  will  be 
loss  of  (t|  volitional  speech,  (2)  repetition  of  words,  (3)  reading  aloud,  (4)  volitional  writing, 
and  [5)  writing  to  dictstion ;  while  there  wilt  exist  [a)  understanding  of  spoken  words,  {6)  also 
of  written  words,  (c)  and  the  faculty  of  copying.  If  the  le»ion  be  in  A,  we  have  the  "  sensory 
aphasia  "  of  Wernicke,  i.  e.,  in  the  acoustic  word-centre;  we  lind  loss  of  (l)  undeistanding 
of  spoken  language,  (z)  also  at  written  language,  (3)  faculty  of  repeating  words,  (4]  and  of 
wtiting  lo  dictation,  (5)  and  of  readingaloud  ;  there  will  exist  (a)  the  faculty  of  writing,  (4)  of 
copying  words,  and  {c)  of  volitional  speech,  but  the  volitional  speech  is  imperfect,  the  wrong 
word  being  often  used,  so  that  there  is  the  condition  of  "  paraphasia."  If  the  connection 
between  A  and  M  be  destroyed,  other  results  will  follow,  and  such  cases  of  "  commissural " 
aphasia  have  been  described  by  Wernicke,  If  the  interruption  be  between  B  and  M,  we  have 
a  no*  uncommon  variety  of  motor  aphasia  (4),  where  there  is  loss  of  (i)  volitional  speech,  and 

ix)  volitional  writing,  and  there  exist  (a)  understanding  of  spoken  language,  (i)  of  written 
anguage,  (r)  and  the  fscuhy  of  copying ;  but  it  differs  from  Broca's  aphasia  in  that  there  also 
eiisls  the  faculty  (d)  of  repeating  words,  (i)  of  writing  to  dictation,  [/)  and  of  reading  aloud. 
If  the  lesion  is  in  Mm  (5),  the  symptoms  will  be  those  of  Broca's  abasia,  but  there  will   exist 

(1)  the  faculty  of  volitional  writing,  and  (3)  of  writing  to  dictation.  Many  examples  of  this 
occur  where  patients  have  lost  the  faculty  of  speaking,  but  can  express  their  thoughts  in  writing. 
In  lesions  of  the  path  AB  (6),  there  will  be  loas  of  (1)  understanding  of  spoken  language,  and 

(2)  of  written  language,  and  there  will  exist  (a)  volitional  speech  (but  it  will  be  paraphasic),  (*) 
Tolitianal  writing  (but  it  will  have  the  characters  of  paragraphia),  [i)  the  faculty  of  repeating 
words,  (d)  reading  aloud,  (t)  writing  to  dicution,  and  (/)  power  of  copying  words.  The  per- 
son  will  be  quite  unable  to  understand  what  he  repeats,  reads  aloud,  or  copies.] 

[Fig.  622  shows  diagrammatically  the  conditions  in  motor  and  sensory  aphasia.  From  the 
eye  aiid  ear  centripetal  fibres  (v  and  a)  ascend  to  terminate  in  (he  visual  (V)  and  auditory  cen- 
tres (A),  in  the  cortex,  while  afferent  fibres  (s,  s',  s"),  indicated  by  doited  lines,  also  pass  from 
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the  articaluon.  muicla  of  tbe  band,  and  ortnt  to  the  cerebnun.  The  dotted  Vmta  oi  tbc 
Mir^icc  of  the  cortex  represent  the  auocialuin  ij&tein  of  fitjica  which  coonects  the  centra  vilh 
«ach  other,  Tbe  centres  for  Tocal  (Vj  and  written  eiprtssioQ  (W)  ue  connecied  by  ccntrifncal 
fibres,  m  uid  m',  with  (he  hand  and  larynx  respectively  (i^wi).] 

III.  The  thermal  centre  for  the  extremities  is  associated  with  the 
motor  areas  (§  377).  Injury  or  degeneration  of  these  areas  causes  inequality 
of  the  temperature  on  both  sides  {Bec/Uerew). 

IV.  The  sensory  regions  are  those  areas  in  which  conscious  percep- 
tions of  the  sensory  impressions  are  accomplished.  Perhaps  they  are  the  sob- 
stratum  of  sensory  perceptions,  and  of  the  memory  of  sensory  impressions. 

I.  The  viflUfd  centre,  according  to  Munk,  includes  the  occipital  lobes 
(fig.  6ro,  O',  O',  O'),  while,  according 
to  Fcrrier,  it  also  includes  the  angular 
gyrus.  Huguenin  observed,  in  a  case  of 
long-standing  blindness,  consecutive  dim- 
inution of  the  occipital  convolutions  on 
both  sides  of  the  parieto -occipital  fiastire, 
while  Giovanardi,  in  a  case  of  congenital 
absence  of  the  eyes,  observed  atrophy  of 
the  occipital  lob^,  which  were  separated 
by  a  deep  furrow  from  the  rest  of  the 
brain.  Stimulation  of  the  centre  gives 
rise  to  the  phenomena  of  light  and  color. 
Injury  causes  disturbance  of  vision,  es- 
pecially hemiopia  of  the  same  side  (§  344 
—  Wes^hal).  When  one  centre  is  the 
seat  of  irritation,  there  is  photopsia  of 
the  same  halves  of  both  eyes  (^CAarcU). 
Stimulation  of  both  centres  causes  the  oc- 
currence of  the  phenomena  of  light  or 
color,  or  visual  hallucinations  in  tbe  en- 
tire Reld  of  vision.  Cases  of  injorr  to 
the  brain,  where  the  sensations  of  light 
and  space  are  quite  intact,  and  where  tbe 
color  sense  alone  is  abolished,  seem  to 
indicate  that  the  color  sense  centre  most 
be  specially  localized  in  the  visual  centre 
{Samehokn).  After  injury  of  certain 
Fig.  622.  parts,    especially   of    the    lower    parietal 

Scheme  to  illusti»te.ph..ia.  'o^e-  '' pychical  bUndfuss''    noay    occur. 

A  special  form  of  this  condition  is  known 
as  "  \7ord- blindness  "  or  alexia  (Coecitas  verbalis),  which  consists  in  this 
that  the  patient  is  no  longer  able  to  recognize  ordinarily  written  or  printed 
characters  (p.  906). 

Charcot  records  an  interesting  case  of  psychical  blindness.  Mas  ■  Tiolent  paToxysm  of  n^e. 
an  inletligent  man  suddenly  lost  the  memory  of  Tisual  iDipressions ;  all  ot^ecti  (^penona,  stim^ 
houses)  wbich  were  well  known  to  him  appeared  to  be  quite  strange,  so  that  he  did  not  erca  nc- 
ogniix  himself  in  a  mirror.     Visual  perceptions  were  entirely  absent  from  hit  dreams. 

Clinical  obserrations  on  hemiani>pia  (J  344)  show  that  Ihe  field  of  Tision  of  each  eye  is 
divided  Into  ■  larger  outer  and  a  smaller  inuci  portion,  separated  from  each  other  by  ■  TOtic*] 
line  passing  through  the  macula  lutes-  Each  right  or  left  haU  of  both  visual  fields  is  relaHd 
to  OHt  hemisphere  ;  both  left  halves  are  projected  upon  ihc  left  occipital  lobes,  and  both  rigbt 
upon  the  right  occllHtal  lobes  (tig.  61  j).  Thus,  in  binocular  vision,  every  j^cinre  (when  not  too 
small)  must  be  seen  in  two  halves;  Ihe  left  half  by  the  left,  the  r^ht  half  by  tbe  righl  be«i- 
sphere  (  WimUkt\ 

As  B  result  of  patholt^cal  stlmulatiOD  of  the  visaal  centre,  especially  in  ibe  iDsane.  xiaal 
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spectres  may  be  prodaced.  Pick  observed  a  case  where  the  hallucinations  were  confined  to  the 
right  eye.  Celebrated  examples  of  ocular  spectra  occurred  in  Cardanus,  Swedenborg,  Nicolais, 
J.  Kerner,  and  Hfilderlin. 

AAer  degeneration  of  the  cortical  centre  the  fibres  which  connect  the  occipital  lobes  with  the 
external  geniculate  body,  the  anterior  corpora  quadrigemina,  pulvinar,  these  structures  them- 
selves, and  the  origin  of  the  optic  tract  undergo  degeneration  {v.  Monakow), 

2.  The  auditory  centre  lies  on  both  sides  (crossed)  in  the  temporo-sphe- 
Doidal  lobes  [according  to  Ferrier  in  the  superior  temporal  convolution] ;  when 
it  is  completely  removed,  deafness  results,  while  partial  (left  side)  injury  causes 
psychical  deafness.  [See  p.  898  for  contradictory  results.]  Amongst  the 
phenomena  caused  by  partial  injury  is  surdiias  verbalis  (word-deafness), 
which  may  occur  alone  or  in  conjunction  with  coecitas  verbalis.  Wernicke 
found  in  all  cases  of  word-deafness  softening  of  the  first  left  temporo-sphenoidal 
convolution  (p.  906).  In  left-handed  persons  the  centre  lies  perhaps  in  the 
right  temporo-sphenoidal  lobes  (  Westphat). 

Clinical. — We  may  refer  word-blindness  and  word-deafness  to  the  aphataxic  group  of  dis- 
eases, in  so  far  as  they  resemble  the  amnesic  form.  A  person  word-blind  or  word-deaf  resembles 
one  who,  in  early  youth,  has  learned  a  foreign  tongue,  which  he  has  completely  forgotten  at  a 
later  period.  He  hears  or  reads  the  words  and  written  characters ;  he  can  even  repeat  or  write 
the  words,  but  he  has  completely  lost  the  signiticance  of  the  signs.  While  an  amnesic  aphasic 
person  has  only  lost  the  key  to  open  his  vocal  treasure,  in  a  person  who  is  word-blind  or  word- 
deaf  even  this  is  gone.  From  a  case  of  recovery  it  is  known  that  to  the  patient  the  words  sound 
like  a  confused  noise.  Huguenin  found  atrophy  of  the  temporo-sphenoidal  lobes  after  long- 
continued  deafness. 

3.  Gustatory  and  Olfactory  Centre. — In  the  uncinate  gyrus  on  the 
inner  side  of  the  temporo-sphenoidal  lobe  (especially  on  the  inner  side  of  that 
marked  U  in  fig.  607),  Ferrier  ]ocates  the  joint  centres  for  smell  and  taste. 
These  two  centres  do  not  seem  to  be  distinct  locally  from  each  other. 

4«  Tactile  Areas  and  Cutaneous  Sensibility. — According  to  Tripier 
and  others,  all  the  tactile  cerebral  fields  from  different  parts  of  the  body  coin- 
cide with  the  motor  cortical  centres  for  these  parts  (compare  p.  899).  [Schafer 
and  Horsley  find  that  stimulation  of  the  gyrus  fornicatus  gives  rise  to  no  mus- 
cular contractions,  but  its  removal  is  followed  by  diminution  in  general  and 
tactile  sensibility  of  the  opposite  side  of  the  body.  See  fig.  607,  where  this 
convolution  is  marked  with  the  words  ''  cutaneous  sensation.''] 

Occasionally,  in  epileptics,  strong  stimulation  of  the  sensory  centres,  as  expressed  in  the  excet- 
stTe  subjective  sensations,  accompanies  the  spasmodic  attacks  (compare  {  393,  12).  Such  epi- 
leptiform hallucinations,  however,  occur  without  spasms,  and  are  accompanied  only  by  distur- 
bances of  consciousness  of  very  short  duration  [Berger), 

Course  of  the  Sensory  Paths. — The  nerve-fibres  which  conduct  im- 
pulses from  the  sensory  organs  to  the  sensory  cortical  centres  pass  through  the 
posterior  third  of  the  posterior  limb  of  the  internal  capsule  between  the  optic 
thalamus  and  the  lenticular  nucleus  (fig.  626,  S).  Hence,  section  of  this  part 
of  the  internal  capsule  causes  hemianaesthesia  of  the  opposite  half  of  the  body 
(  Charcot),  In  such  a  case,  sensory  functions  are  abolished— only  the  viscera 
retaining  their  sensibility.  There  may  also  be  loss  of  hearing,  smell,  and 
taste, — and  hemiopia  {Bechterew), 

Pathologicml. — In  cases  where  there  is  more  or  less  injury  or  degeneration  of  these  paths, 
there  is  a  corresponding  greater  or  less  pronounced  loss  of  the  pressure  and  temperature  sense, 
of  the  cutaneous  and  muscular  sensibility,  of  taste,  smell,  and  hearing.  The  eye  is  rarely  quite 
blind,  but  the  sharpness  of  vision  is  interfered  with,  the  field  of  vision  is  narrowed,  while  the 
color  sense  may  be  partially  or  completely  lost  The  eye  on  the  same  side  may  suffer  to  a  slight 
extent. 

V.  Numerous  cases  of  injury  of  the  anterior  frontal  region,  without  in- 
terference with  motor  or  sensory  functions,  have  been  collected  by  Charcot, 


TOPOGRAPHY  OF  THE   BRAIN.  [S«C.  378. 


Tig.  633. — Relation  of  the  (issurei  and  convolulioi 
mioeDl  part  of  the  parietal  ei 


Fig.  62s. 

o  the  surface  of  the  scalp.     +,  mat  fy 
t  bouDiiiTig parietal  lobe  below;  i,BSO- 


fissutesof  Rolando  and  SyKii 
apptoximalely  the  motor  area?.  I,  lower  exlremily;  I,  3,  4,  5,  6,  and  a,  J,  c, ^,  oppcte 
tiemilj;  7,8,9,  10,  II,  oro-lmgiul  muscles  (j1.  If .  Hare).  Fig.  635.— Head,  skalLa 
cerebnil  Gssuret.  OF,  occipital  protuberance;  EAP,  external  angular  process;  SF.SThim 
fissure ;  A,  its  ascending  limb ;  FR,  fissure  of  Rolando ;  PE,  parietal  anineoce,  UMA, 
middle  meningeal  artery;  TS.  (ip  of  temporo-sphenoidal  lobe;  T   "        '  '  ''~ 

IF,  inferior  frontal  sulcus;  POF,  parieto-occipital  linqie. 
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Ferrier,  and  others.  On  the  other  hand,  enfeeblement  of  the  intelligence  and 
idiocy  are  often  observed  in  acquired  or  congenital  defects  of  the  prefrontal 
region.  In  highly  intellectual  men,  Rlidinger  found  in  addition  a  considerable 
development  of  the  temporo-sphenoidal  lobe.  According  to  Flechsig,  there  is 
no  doubt  that  the  frontal  lobes  and  the  temporo-occipital  zone  are  related  to 
intellectual  processes,  more  especially  the  "higher*'  of  these. 

Topography  of  the  Brain. — The  relations  of  the  chief  fissures  and  convolutions  of  the  brain 
to  the  surface  of  the  skull  are  given  in  fig.  610,  the  brain  being  represented  after  Ecker.  [Turner 
and  others  have  given  minute  directions  for  finding  the  position  of  the  different  convolutions  by 
reference  to  the  sutures  and  other  prominent  parts  of  the  skull.  The  annexed  diagram  by  R. 
W.  Reid  shows  the  relation  of  the  convolutions  to  certain  fixed  lines  (fig.  623).] 

[The  position  of  the  fissure  of  Rolando,  where  its  upper  end  joins  the  great  longitudinal 
fissure,  is  obtained  by  measuring  on  the  scalp  K  in  the  middle  line  the  distance  between  the 
glabella  and  the  external  occipital  protuberance,  or  the  inion,  which  in  ordinary  heads  varies 
fi:€fD  II  to  13  inches  (fig.  625).  Measured  from  before  backwards,  along  this  line,  the  distance 
from  the  glabella  to  the  top  of  the  fissure  is  55.7  per  cent,  of  the  length  of  the  whole  line.  The 
direction  of  the  fissure  is  downwards  and  forwards,  and  the  long  axis  of  the  fissure  forms,  with 
the  average  mesial  line,  an  angle  of  67^,  the  angle  opening  forwards.  Its  average  length  is  3^ 
inches.] 

[The  fissure  of  Sylvius  is  found  by  drawing  a  line  from  the  external  angular  process  of  the 
frontal  bone  backwards  to  the  occipital  protuberance,  taking  the  nearest  route  between  these  two 
points.  A  point,  I  j^  inch  backwards  from  the  angular  process  along  this  line,  marks  the  origin 
of  the  fissure;  while  a  straight  line  drawn  to  the  centre  of  the  parietal  eminence  marks  the  course 
of  its  posterior  limb.  The  parieto  occipital  fissure  will  be  two  inches  behind  the  upper  end  of 
the  Rolandic  fissure  (j4,  fV.  //are).'] 

Corpus  Callosum. — It  is  usually  stated  that  the  corpus  callosum  connects 
the  convolutions  of  one  side  of  the  brain  with  those  on  the  other,  /'.  e,,  that  it 
is  an  ibter-hemispherical  commissure. 

D.  J.  Hamilton,  however,  is  of  opinion  that  it  is  not  an  inter-hemispheric  commissure,  but  is 
due  to  cortical  fibres  coming  fiom  the  cortex  cerebri  to  be  connected  with  the  basal  ganglia  of  the 
opposite  side. 

Section  of  the  corpus  callosum  in  dogs,  however,  produces  no  obvious  disturbance  (v.  Kordnyi). 
In  man  a  case  was  described  by  Erb  in  which  it  was  almost  completely  destroyed,  yet  there  was 
no  marked  disturbance  of  motion,  co-ordination,  sensibility,  the  reflexes,  intelligence,  speech,  or 
any  marked  impairment  of  the  intelligence.  The  posterior  part  of  the  anterior  commissure  serves 
to  connect  the  two  gyri  linguales  {Popoff), 

[379.  BASAL  GANGLIA— MID  BRAIN.— By  the  term  "basal 
ganglia  **  is  meant  the  masses  of  gray  matter  constituting  the  corpus  striatum 
and  optic  thalamus  lying  on  the  cms  cerebri  and  at  the  base  of  the  brain. 
Although  they  are  grouped  together,  they  are  quite  different  in  their  origin, 
connections,  and  functions.  The  corpus  striatum  is  developed  in  the  wall  of 
the  cerebral  vesicle,  and  comes  to  form  the  lateral  wall  of  the  lateral  ventricles. 
It  has  few  direct  connections  with  the  cortex.  The  optic  thalamus  is  developed 
in  the  wall  of  the  third  ventricle,  which  it  bounds  laterally.  It  has  connec- 
tions with  almost  every  part  of  the  cortex  cerebri  above,  and  with  the  tegmen- 
tum of  the  crus  cerebri.  It  is  thus  intercalated  in  the  course  of  afferent  im- 
pulses passing  to  the  cortex  through  the  tegmentum.] 

[The  corpus  striatum  consists  of  two  parts,  an  intra-ventricular  portion 
projecting  into  the  lateral  ventricle,  the  caudate  nucleus,  and  an  extra- 
veniric  ular  portion,  the  lenticular  nucleus.  Between  the  head  of  the  cau- 
date nucleus  internally  and  the  lenticular  nucleus  externally,  lies  the  anterior 
division  or  anterior  limb  of  the  internal  capsule.  The  fibres  which  pass  between 
thf  se  ganglia  do  not  seem  to  form  connections  with  them.  The  expanded  head 
of  the  caudate  nucleus  is  in  front,  and  lies  inside  and  around  the  front,  of  the 
lenticular  nucleus,  with  which  and  the  anterior  perforated  space  it  is  continuous ; 
it  sweeps  backwards  into  a  tailed  extremity,  which  nearly  surrounds  the  len- 
ticular nucleus  like  a  loop.     The  lenticular  nucleus  is  biconvex  in  a  hori- 
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zontal  section,  but  triangular  and  subdivided  into  three  divisions  when  seen  in 
a  vertical  section  (fig.  627).  The  older  observations  on  the  corpora  striata  in 
man  may  be  dismissed^  as  a  distinction  was  not  drawn  between  injury  to  its 
two  parts  on  the  one  hand  and  the  internal  capsule  on  the  other.] 

[The  caudate  nucleus  and  lenticular  nucleus  in  their  development  are 
co-ordinate  with  the  development  of  the  cortex  cerebri.  Electrical  stimu- 
lation  of  these  ganglia  causes  general  muscular  contractions  in  the  opposite 
half  of  the  body,  which  are  due  to  simultaneous  stimulation  of  the  neighboring 
cortico-muscular  paths.  The  same  result  is  obtained  as  if  all  the  motor  cor- 
tical centres  were  stimulated  simultaneously.  Beevor  and  Horsley  r^;ard  the 
basal  ganglia  as  inexcitable,  at  least  they  failed  to  get  the  slightest  movement 
by  exciting  the  sectional  surfaces  of  either  of  these  ganglia.] 

Gliky  did  not  observe  movements  on  stimnlating  the  corpus  striatum  in  rabbits ;  it  would  seeai 
that  in  these  animals  the  motor  paths  do  not  traverse  these  ganglia,  but  merely  pass  mloogside  of 
them. 

[Lesions  of  the  lenticular  nucleus  or  of  the  caudate  nucleus  do  not  seem  to 
give  rise  to  any  permanent  symptoms,  provided  the  internal  capsule  be  not  in- 
jured.] Destruction  of  the  internal  capsule,  however,  causes  paral)rsis  of  nootioo 
of  sensibility,  or  both,  on  the  opposite  side  of  the  body,  according  to  the  part 
of  it  which  is  injured.  The  corpus  striatum  is  quite  insensible  to  painful  stimu- 
lation {Longet). 

Pathological. — In  man,  a  lesion,  not  too  small,  destroying  the  anterior  part  of  the  corps 
striatum,  is  followed  by  permanent  paralysis  of  the  oppasite  side,  provided  the  internal  capsak  is 
injured,  but  the  paralysis  gradually  disappears  if  the  lenticular  and  caudate  nucleus  only  are  af- 
fected (compare  \  S^S)*  Sometimes  there  is  dilatation  of  the  blood  vessels  in  cooseqpcnee  oC 
vaso-motor  paralysis  (^  377)  if  the  posterior  part  is  injured  {Nothnagel) ;  redness  and  a  sUgfatiy 
increased  temperature  of  the  paralyzed  extremities,  at  least  for  a  certain  time ;  swelling  or  oedeaa 
of  the  extremities ;  sweating ;  anomalies  of  the  pulse  detectable  by  the  sphygm<^raph ;  decabi- 
tus  acutus  on  the  paralyzed  side ;  abnormalities  of  the  nails,  hair,  skin ;  acute  tnflamiaation  of 
joints,  especially  of  the  shoulder.  Later,  contracture  or  permanent  contractioa  of  the  p«raljxed 
muscles  takes  place  [Hugtunin^  Charcot').  In  some  cases  there  is  cutaneous  ansestbesiA,  and 
occasionally  enfeeblement  of  the  sense-organs  of  the  paralyzed  side,  and  both  when  the  posterior 
third  or  sensory  crossway  of  the  posterior  section  of  the  internal  capsule  u  affected.  Usully, 
however,  hemiplegia  and  hemianasthesia  occur  together. 

[Optic  Thalamus. — It  is  developed  in  the  wall  of  the  vesicle  of  the  third 
ventricle,  and  hence  forms  the  lateral  wall  of  this  cavity.  It  is  a  mass  of  graf 
matter  lying  obliquely  on  and  partly  embedded  in  the  crus.  Its  ventricular  sur- 
face is  covered  with  a  thin  layer  of  gray  matter,  and  the  whole  thalamus  coa- 
sists  of  gray  matter  mixed  with  white  matter.  The  nerve-cells  are  large  and 
branched  and  frequently  contain  pigment.  The  posterior  free  cushion-like 
part  is  called  the  pulvinar,  while  the  larger  anterior  part  contains  three  nncld 
known  as  the  inner  or  median  nucleus,  the  lateral,  and  anterior  nocleas. 
Under  the  thalamus  and  dorsal  to  the  tegmentum  is  the  sub-thalamic  regioQ 
in  which  the  tegmentum  ends.] 

[Connections  of  the  Optic  Thalamus. — This  body  is  said  to  receife 
fibres  from  all  parts  of  the  cortex,  while  it  is  abo  connected  with  the  tegmental 
system  and  with  certain  fibres  of  the  optic  tract.] 

Functions  of  the  Optic  Thalamus. — Ferrier  did  not  observe  any  move- 
ments on  stimulating  the  optic  thalami  with  electricity.  As  the  pulvinar,  or 
posterior  extremity  of  the  optic  thalamus,  is  in  part  the  origin  of  the  optic 
nerve,  and  is  also  connected  by  fibres  with  the  cortex  cerebri,  it  b  probabiy 
related  to  the  sense  of  sight.  Injury  to  its  posterior  third  in  man  results  is 
disturbance  of  vision  (J^othnagel).  Ferrier  surmises  that  the  sensory  fibres  pass 
through  the  optic  thalami  on  their  way  to  the  cortex,  so  that  when  they  are 
destroyed  insensibility  of  the  opposite  half  of  the  body  is  produced.     Remord 
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of  the  optic  thalamus,  or  destruction  of  the  part  in  the  neighborhood  of  the 
inspiratory  centre  in  the  wall  of  the  third  ventricle,  influences  the  co-ordinated 
movements  in  the  rabbit  (Cirji/iam). 

We  Vdow  veij  little  definildy  >e  to  Ihe  functions  of  thoe  orguu.  Afttx  injury  to  one  thals' 
mus,  there  bai  been  observed  enfeeblement  or  paratysii  of  the  muscles  of  die  opposite  side, 
logethcT  with  mouvements  de  manage ;  and  sometime!  bcmii.nseahesia  of  the  opposite  side,  with 


Fig.  6i6. 
Hmnaa  bnin,  with  tbe  hemitpheres  removed  by  a  horizoatsl  incision  on  the  right  side.     4, 
trochlear;  8,  acoustic  nerve ;  6,  origin  of  ihc  abducens :  F,A,L,  position  of  the  pyramidal 
(motor)  libiea  lor  the  face,  arm,  and  leg )  S,  setisory  fibres. 
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or  without  affections  of  the  motor  areas,  have  been  recorded.    Extirpadoii  of  certain  cortical 
areas  (rabbit)  is  followed  by  atrophj  of  certain  parts  of  the  thalamus  (v,  MonaJkaw) 

Relation  of  Basal  Ganglia  to  Internal  Capsule. — Thecorpos  striatum 
consists  of  an  intra- ventricular  part,  the  caudate  nucleus^  and  an  extra- 
ventricular  part — /.  e, ,  no  part  of  this  appears  in  the  lateral  ventricle — the  len- 
ticular nucleus.  The  lenticular  nucleus,  a  mass  of  gray  matter,  consists 
of  three  parts,  best  seen  in  a  vertical  section  (fig.  627,  i,  2,  3),  with  white 
matter  between  them,  the  striae  meduUares.  [These  striae  meduUares  aic 
inexcitable  to  electrical  stimuli.]  Of  the  three  masses  of  gray  matter  into  whidi 
the  ventricular  nucleus  is  split  up  by  the  white  fibres  or  strias  mednllarcs, 
the  inner  and  central  ones  (fig.  627,  3,  2)  are  called  the  globus  pallidns 
on  account  of  their  paler  color,  while  the  outer  one  (fig.  627,  i)  is  called  tht 
putamen.] 

The  anterior  limb  of  the  internal  capsule  sweeps  between  the  caudate  and 
lenticular  nucleus,  while  the  posterior  segment  lies  between  the  optic  thalamos 
and  the  lenticular  nucleus  (fig.  626).  External  to  the  first  division  of  the 
lenticular  nucleus  is  the  external  capsule  (figs.  626,  627),  whose  function  is 
unknown.  External  to  this  is  the  claustrum,  whosel  function  is  also  unknown. 
It  is  evident  that  hemorrhage  into  or  about  the  basal  ganglia  is  apt  to  involve 
the  fibres  of  the  internal  capsule.  [When  the  lenticulo-striate  artery,  or,  as  it  is 
called,  the  "  artery  of  hemorrhage,"  ruptures  (fig.  615,  aSL),  it  may  not  only 
destroy  the  lenticular  nucleus,  but  the  internal  capsule  wiU  be  compressed ; 
and  the  same  is  the  case  with  the  lenticulo-optic  artery — the  external  capsik 
will  tend  to  force  the  blood  inwards.  We  know  that  in  the  posterior  limb 
of  the  capsule  the  volitional  or  pyramidal  fibres  lie  in  the  following  order  from 
before  backwards — those  for  the  face  (and  tongue)  in  the  knee,  in  the  anterkv 
third  those  for  the  arm  and  hand,  and  in  the  middle  third  for  the  leg,  and  per- 
haps behind  these  those  for  the  trunk  (fig.  626),  so  that  a  very  small  lesicHi  m 
this  region  will  affect  a  large  number  of  these  fibres,  converging  as  they  do 
like  the  rays  of  a  fan  from  the  motor  cortical  areas  where  the  arrangement  of 
these  centres  is  a  supero-inferior  one  (fig.  614),  to  become  an  antero-posterior 
one  in  the  knee  and  posterior  limb  of  the  internal  capsule  (fig.  626).  The 
posterior  third  of  this  limb  is  sensory  and  is  the  *' sensory  crossway."  This, 
however,  is  true  only  for  the  lowest  levels  of  the  capsule  {Beeifor  and  H&rsUy)?[ 

[Horsley  points  out  that  hemorrhage  from  the  lenticulo-striate  artery  affects  in  order  the  mstk- 
cles  of  the  face,  arm,  leg,  and  trunk,  while  recovery  b  in  the  inverse  cider.] 

iThe  internal  capsule  is  composed  of  fibres  converging  through  the  corcnu 
iata  and  coming  from  and  going  to  the  cortex  cerebri  ;  it  varies  in  its  ^ope 
in  different  parts  of  its  course.  It  contains  several  sets  of  fibres,  some  of  which 
are  sharply  marked  off  from  their  neighbors.] 

[The  arrangement  of  the  fibres  in  the  internal  capsule  in  order  from  before 
back,  and  classified  according  to  the  region  of  the  cortex  with  which  they  are 
connected,  is — 

1.  Praefrontal. 

2.  Pyramidal  or  fron to-parietal. 

3.  Temporal. 

4.  Occipito-temporal. 

5.  Occipital. 

The  praefrontal  fibres  occur  in  the  anterior  limb  of  the  internal  capsok ; 
they  are  inexcitable  to  electrical  stimulation,  and  are  certainly  not  eferent 
in  function.  They  pass  to  the  mesial  side  of  the  cms,  and  also  to  the  sab- 
thalamic  region.  They  degenerate  when  the  frontal  area  is  destroyed  The 
course  of  the  pyramidal  fibres  has  been  stated  already.     The  temporal,  oc- 
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cipito-temporal  and  occipital  fibres  are  innccitable  and  seem  to  be  con- 
nected with  the  genend  and  special  senses  {Beevor  and  Horsley)^ 

[The  fibres  of  the  pyramidal  tract  arise  in  the  mutor  areas  (§  378)  of  the 
cortex,  and  converge  to  form  that  part  of  the  internal  capsule  which  in  a  hori- 
zontal section,  such  as  is  shown  in  fig.  626,  go  to  form  the  knee  and  the  an- 
terior two-thirds  of  the  posterior  limb  of  the  capsule.  The  fibres  from  the 
several  motor  areas  occupy  definite  positions  in  the  capsule  (fig.  626),  and  it  is 
to  be  noted  that  while  the  arrangement  of  the  cortical  motor  areas  is  hardly  a 
vertical  one,  the  corresponding  tracts  have  an  anterior  posterior  or  fore  and  aft 
arrangement  in  the  interna)  capsule,  as  seen  in  a  horizontal  section.  Traced 
from  the  capsule,  they  run  into  the  pes,  and  occupy  iis  central  and  larger 
portion,  being  bounded  internally  by  a  median  strand  of  fibres  and  externally 
by  another  group  of  fibres.  From  the  pes  they  pass  into  the  pons,  where  they  are 
split  up  into  a  number  of  bundles  interlacing  with  the  deeper  transverse  fibres 
of  the  pons.  In  the  pons  some  of  the  fibres  form  connections  with  certain  of 
the  nerve  nuclei,  i.  e.,  with  the  nuclei  of  the  motor  cranial  nerves,  and  the 
Tcmainder  of  the  fibres  proceed  onwards  to  the  bulb  to  form  its  anterior  pyra- 
mids. The  prolongation  of  these  to  the  cord  is  given  in  §  365.  Thus  it  is 
evident  that  there  is  a  set  of  cranial  pyramidal  fibres  and  a  spinal  set.] 

[Anterior  or  Fronto-cortical  Fibres. — The  frontal  convolutions  lying 
anterior  to  the  motor  areas  also  send  fibres  to  the  corona  radiata,  which  converge 
and  enter  the  anterior  limb  of  the  internal  capsule  (fig.  6a6).     Thence  they 
enter  the  crus  and  occupy  its  small  median  part.     They  can  be  traced  through 
the  pons,  lying  internal  to  the  pyramidal  fibres,  and  they  seem  to  end  in  the 
pons,  ending  perhaps  in  the  gray  matter  of  the  pons.     Perhaps  they  are  con- 
nected by  transverse  fibres 
in  the  pons  with  the  cere- 
bellum.   They  degenerate  ''"s^"" 
in  a  downward  direction. 
These  fibres  are  called  the 
fronto-pontine  or  fron-  SSSim. 
tO'Cerebellar  fibres.] 

[Posterior  or   Tem-  ^^^°>^ 
poro  -  occipito- cortical 
Fibres. — Fibres  pass  from 
the  temporal  and  occipital  ^^\t. 
regions  to  the  internal  cap-  ^  ^i^ 
sule,  and  occupy  its  poste-  ihninmo.. 
rior  third  or  thereby  be-  softmm- 
hind  the  pyramidal  fibres ;  miuure. 
they  pass  into  the  pons  and  eikth.! 
occupy  its  outer  part  and  opiuit. 
appear  to  end  in  the  gray  ciiuiinm. 
matter  of  the  pons.  These 
three     tracts     undergo 
descending  degeneration, 
and  their  trophic  centres 
are  the  cells  of  the  cortex 
cerebri.]  Fig.  627. 

[Some  fibres  arise  in  the  p^„„i  ^,^,i„„  ^y^^^^^  ^^  ^l,t  ceret.r.1  h™UphCTe  in  front 

nucleus   caudatUS,  and  can  ^f  [he  «,&  commissuie  (poslerior  surface  of  the  seMion), 

be  traced  as  a  descending 

tract  as  far  as  the  pons,  but  lying  dorsal  to  the  previously  mentioned  tracts.] 
[Corona  Radiata. — Although  the  internal  capsule  is  chiefiy  made  up  of 
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fibres  that  enter  the  crusta,  still  there  are  other  fibres  coming  from  the  cortex, 
which  form  part  of  the  corona  radiata,  but  which,  however,  do  not  enter  the 
crusta.  Some  fibres  coming  from  the  frontal  and  parietal  areas  of  the  brain 
converge  to  the  extreme  anterior  end  of  the  anterior  limb  of  the  internal  cap- 
sule in  front  of  the  fronto-pontine  fibres,  and  appear  to  end  in  the  optic  thala- 
mus. Passing  from  or  to  the  occipital  and  temporal  regions,  but  chiefly  the 
former,  are  fibres  which  lie  at  the  tip  of  the  posterior  limb  of  the  internal 
capsule,  and  are  for  the  most  part  the  fibres  which  form  the  optic  radiation 
of  Gratiolet.  They  enter  the  optic  thalamus.  But  some  fibres  pass  to  the 
optic  thalamus  without  entering  the  internal  capsule.  Thus  the  optic  thalamus 
has  wide  and  extensive  connection  with  the  cortex,  so  that  other  parts  of  the 
nervous  system  connection  with  the  thalamus  may  thus  indirectly  be  brought 
into  connection  with  the  cortex  cerebri.] 

[The  crura  cerebri  (fig.  564,  P),  or  cerebral  peduncles,  are  two  thick  strands 
as  they  emerge  above  the  pons,  and  as  they  are  much  larger  than  the  pyramidal 
tracts,  they  must  receive  many  fibres  within  the  pons.  A  transverse  section 
(fig.  6a8)  shows  that  on  them  posteriorly,  and  connecting  them,  are  the  cor- 
pora quadrigemina  (CQ).  The  cms  proper  is  divided  by  the  substantia  nigra 
(SN)  into  a  lower  ventral  part,  the  crusta,  pes,  or  basis,  and  an  upper  dorsal 
part,  or  tegmentum.  The  crusta  is  composed  exclusively  of  ascending  and 
descending  nerve-fibres,  which  can  be  traced  from  the  cerebrum  to  the  pons, 
bulb,  and  spinal  cord.  But  the  tegmentum,  in  addition  to  many  nerve-fibre«, 
contains  much  gray  matter  with  nerve-cells.  Near  the  middle  of  the  teg- 
mentum is  the  "red  nucleus"  or  '<  tegmental  nucleus"  (RN).  Outside 
this  is  the  fillet  (F),  a  well-defined  bundle  of  nerve-fibres  running  upwards 
from  the  pons.  Above  the  nucleus,  near  the  middle  line,  is  the  "  posterior 
longitudinal  bundle  "  (p.  1.  b.),  which  is  triangular  in  section.  Above 
the  tegmentum  lie  many  nerve-cells,  the  origin  of  the  third  nerve  (III),  and 
arranged  around  the  iter  is  much  gray  matter.  The  tegmentum  itself  ends 
partly  in  the  optic  thalamus  and  partly  in  the  sub-thalamic  region,  s,  e.,  ventral 
to  the  optic  thalamus.^ 

[The  fillet  arises  m  the  inter-olivary  layer  of  the  bulb  from  fibres  derived 
from  the  supra-pyramidal  or  sensory  decussation ;  the  fibres  coroe  from  the 
clava  and  caudate  nuclei  of  the  opposite  side  (p.  829).  As  it  runs  upwards,  it 
joins  the  tegmentum,  and  receives  accessions  of  fibres  in  its  course  from  the  gray 
matter  of  the  pons.  Some  of  its  fibres — lateral — appear  to  end  in  the  poste- 
rior corpus  quadrigeminum,  and  others  in  the  white  matter  below  the  anterior 
corpus  quadrigeminum  ;  the  median  fibres  pass  onwards,  some  to  end  in  the 
sub-thalamic  region,  others  in  the  optic  thalamus,  and  others  again  appear  to 
be  continued  on  to  the  cortex.J 

[The  posterior  longitudinal  bundle  appears  to  be  a  continuation  up- 
wards of  some  of  the  fibres  of  the  anterior  ground-bimdle  of  the  antCTior 
column  of  the  cord ;  it  runs  dorsal  to  the  formatio  reticularis  of  the  bulb.  It 
perhaps  gives  origin  to  part  of  the  nuclei  for  the  nerves  of  the  eyeball.] 

The  pes  or  crusta  of  the  cerebral  peduncle  when  traced  onwards  graduallj 
rises  more  dorsally,  and  spreads  out  like  a  hollow  case,  with  the  convexity  look- 
ing outwards,  forming  between  the  optic  thalamus  and  caudate  nocleus  inter- 
nally and  the  lenticular  nucleus  externally  the  internal  capsule.  The  internal 
capsule  necessarily  varies  in  its  shape  according  as  it  is  viewed  in  a  vertical 
transverse  (fig.  627)  or  sagittal  or  horizontal  section  of  the  brain  (fig.  626),  the 
fibres  of  the  internal  capsule  diverge  from  each  other,  forming  part  of  the 
corona  radiata,  which  radiates  to  all  parts  of  the  cortex  cerebri.] 

Injury  to  one  cerebral  peduncle  causes,  in  the  first  place,  violent  pain 
and  spasm  of  the  opposite  side,  while  the  blood-vessels  on  that  side  ccmtract 
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and  the  salivary  glands  secrete.  These  phenomena  of  irritation  are  followed 
by  paralytic  symptoms  of  the  appetite  side,  viz.,  anaesthesia  (§  365)  and  paresis, 
or  incomplete  voluntary  control  over  the  muscles,  as  well  as  paralysis  of  the 
vaso-motor  nerves.  In  affections  of  the  cerebral  peduncle  in  man,  we  must 
remember  the  relation  of  the  oculo-motorios  to  it,  as  the  latter  is  often  para- 
lyzed on  the  same  side  [while  the  extremities,  tongue,  and  half  the  face  are 
paralyzed  on  the  opposite  side  from  the  lesion]. 

The  middle  tbird  of  ihe  crusta  of  the  cerebrml  p«<Iancle  ((%.  503)  inclndn  tbe  direct  pyra- 
midal trmcts  (Jj  365,  378).  The  fibre*  of  the  inner  third  coooect  ine  frontil  lobei  with  the 
cetebellDm  Ihrinigh  the  superior  cerebelUi  peduncles.  In  the  outer  third  irc  iibrei  which  con- 
oect  the  poitt  wilb  the  temporal  and  occipital  orebral  lobei  (FUihtig).  The  Gb>^  which  pan 
from  the  (egmeatum  into  the  corona  radiata  condoct  tcnsory  impulses  i^Fliiktig\ 

[The  pons  Varolii  contains  ascending  and  descending  fih  es,  as  well  as 
transverse  ones,  and,  in  addition,  the  continuation  upwardsof  gray  matter  from  ' 
the  medulla,  special  masses  of  gray  matter,  and  the  nuclei  of  certain  cranial 
nerves.  Its  appearance  in  section  necessarily  varies  with  the  region  where  the 
section  is  made.  Fig.  639  is  a  transverse  section  through  part  of  the'  seventh 
nerve.  The  lower  part  shows  the  superficial  (s,  t.  f.)  and  deep  (d,  t.  f.)  trans- 
verse fibres,  with  the  pyramidal  fibres  (Py)  between  them.] 

Stimulation  or  section  of  the  pons  causes  pain  and  spasms ;  after  the  section, 
there  may  be  sensory,  motor,  and  vaso- 
motor paralysis,  together  with  forced 
movements.  For  diagnostic  purposes 
in  man,  it  is  important  to  observe  if 
alternate  hemiplegia  be  present. 

[In  lesions  situated  io  the  lower  half  of  one 
side  of  the  pons,  there  is  facial  paralysis  on  the 
same  side  as  the  lesion  and  paralysis  (motor 
and  sensory,  and  more  or  less  complete)  on  the 
opposite  side  of  the  body — this  it  called  alter- 
n*te  paralyaia ;  while,  if  the  lesion  be  in  the 
upper  balf  of  one  side  of  the  pons,  the  facial 
paralysis  is  on  the  same  side  bs  the  paralysis  of 
the  body.     Bui  Itie  parts  supplied  hy  the  51b 

and  6th  nerres  may  also  be  inToWed.    This  is  fig.  6j8. 

exploiiied  by  Gg.  630,  where  the  upper  facial  Scheme  of  transverse  section  of  the  cerebral 
fibres  cross  in  the  pons.  Sudden  and  eilensive  peduncles.  CQ,  corpora  quadrigemina ;  Aq, 
lesions  of  the  pons  are  frequently  assocUted  aqueduct;  p.l.b.,  posterior  longitudinal 
with  hyperpyreiia,  the  icniperBture  ofien  rising  handle;  F,  fillet  or  lemniscns;  RN,  red, 
T»pidtv  withiD  an  hour,  perhaps  from  the  pay  nocleus  ;  SN,  substantia  nigra  ;  III,  third 
matter  in  the  floor  of  the  4th  ventricle  being  nerve;  Py,  pyramidal  tracts;  Fc,  Ironto- 
afifected  j  but  whether  it  is  5ue  to  some  effect  on  cerebellar  ;  and  TOC,  temporo -occipital  fibres 
a  heat- regulating  or  he af -producing  centre  is  "f  •*>'  cmsta;  CC,  caudal e- cerebellar  fibres 
uDcertain.  TuinorB  of  considerable  siie  may  ■"  "PPer  P»"  of  cnW«  {"ft"  Wemicki  end 
press    on    the    pons    without    producing   very        Gowers). 

marked  symptoms,  as  tumors  tend  to  push  aside  tissues,  unless  they  be  infiltraling  in  their  cliar- 
acter.  Lesions  of  the  traniverse  superficial  fibres  (middle  cerebellar  pedunctea)  often  give 
rise  to  involnntary  forced  movements,  there  being  a  tendency  to  move  to  one  side  or  the  other.j 

[Corpora  Quadiigemina. — The  anterior brachium  arises  from  the  gray 
matter  of  each  corpus,  and  passes  downwards  and  forwards  to  join  the  external 
corpus  geniculatum  and  help  to  form  the  optic  tract,  but  some  of  its  deeper 
fibres  pass  towards  the  thalamus,  and  from  it  to  the  corona  radiata,  and  so  on  to 
the  cerebral  cortex.  The  posterior  brachium  passes  to  the  internal  geniculate 
body,  whence  it  is  continued  on  to  the  tegmentum.] 

Destruction  of  the  Corpora  Quadrigemina, —  On  one  side  in  mammals 
(or  their  homologues,  the  optic  lobes  in  birds,  amphibians,  and  fishes)  causes 
actual  blindness,  which  may  be  on  the  same  or  the  opposite  side,  according  to 
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the  relation  of  the  fibres  crossing  at  the  optic  chiasma  (§  344),  ^i^/a/destnictioD 
causes  blindness  of  both  eyes.  At  the  same  time  the  reflex  contraction  of  the 
pupil,  due  to  stimulation  of  the  retina  with  light,  no  longer  takes  place 
{Flourens),  where  the  optic  is  the  aflerenl  and  the  oculomotonus  the  efferent 
nerve  (§  345).  If  the  cerebral  hemispheres  alone  be  removed,  the  pupil  sdll 
contracts  to  light,  as  well  as  after  mechanical  stimulation  of  the  optic  netre 
{^H.  Mayo).  Destruction  of  the  corpora  quadrigemina  interferes  with  the 
complete  harmony  of  the  motor  acts;  disturbance  of  equilibrium  and  inco- 
ordination of  movements  occur  {Serres).  In  frogs,  Goltz  observed  not  only 
awkward,  clumsy  movements,  but  at  the  same  time  the  animals  have  to  a  Urge 
extent  lost  the  power  of  completely  balancing  the  body  (p.  869).  A  similar 
result  was  observed  in  pigeons  {M'Kendrick)  and  rabbits  (^Ferrier).  Extir- 
pation of  the  eyeball  is  followed  by  atrophy  of  the  opposite  anterior  corpcE 
.  quadrigeminum  {Gudden). 

P.T.lfFip.T 


Fig.  629.  Fi(.  6jO. 

Fig.  639. — Tr«ii»yer*«  »ectioii  of  the  pons  through  p»rt  of  the  Kveatb  nerre.  x  *■  F-  R-i  S"- 
milio  Teticulani;  VII,  levenlh  nerve;  V>,  uceading  root,  and  Vm.  motor  rool  ot  Hit 
Bfth  nerve  ;  F,  fillet ;  i.  o.,  superior  olive  ;  s.l.b.,  superior  longitudinal  handle ;  Pf ,  p^n- 
midal  fibres;  R,  rcatirona  body;  M.  P.,  middle  pedunclea  of  cerebellam:  d.t.t  aod  at, 
deep  and  tnniverae  superficial  fibres  of  the  potu  (after  ffemuit).  Fig.  630. — Scheme  of 
the  fibres  in  theponsj  FT,  pyramidal  tracts;  F,  facial  librei;  w,  npper, /,  lower  leskn; 
MO,  medulla  oblongata ;  DP,  deciuwtioa  of  pTiamidt. 


n  the  chiasma  (tig.  ,514)  pass  into  the  posterior  pair  (testes).  According  to  this  arrtagt- 
ment  we  have  panial  blindness,  according  as  one  or  other  pwr  of  these  bodies  is  dcstiojred. 

(In  man,  very  little  is  known  regarding  the  effects  of  disease  of  the  corpora  qnadrigeariai, 
interference  vilh  the  ocular  muscles  being  the  most  marked  symptom ;  but  the  JDco-ofiliDMioo 
of  movement  which  has  been  observed  maybe  due  to  pressure  upon  the  snperior  cenbdlar 
peduncle,  while  it  is  by  no  means  certain  that  the  defects  of  vision  are  directly  doe  to  ksions  of 
Ibeic  bodies.] 

Stimulation  of  tbe  Corpora  Quadri^mina. — The  corpora  quadrigemina  react  to  elMri* 
cal,  chemical,  and  mechanical  stimuli.  The  results  of  stimulation  are  very  varioaly  stated. 
According  to  some  observers,  there  is  dilatation  of  the  pupil  on  the  same  side;  according  to 
Fetrier,  it  may  be  the  pupil  on  the  opposite  or  on  the  same  side.  The  sinniilatkni  n»y  be 
conducted  Irom  the  corpora  (juadrigemina  to  the  medulla  oblongata,  and  to  the  oripo  of  iht 


experimenters  occurs  only  when  the   idjoiuin^  optic  tract  is  stimulated, 
right  anterior  corpns  qoadrigeminum  causes  deviation  of  icrti  eyes  to  (be  left  (aixl  o. 
on  continuiikg  the  stimulation,  the  head  is  lumed  to  Ibis  side.     On  dividing  the  corpora  quad- 
rigemina by  a  vertical  median  indaon,  stimulation  of  one  side  causes  the  resnh  to  lake  place 
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only  on  one  side  (j4damiU).  Ferrier  observed  signs  of  pain  on  stimulating  these  organs  in 
mammals.  Carville  and  Duret  conclude  from  their  experiments  that  these  organs  are  centres 
for  •  the  extensor  movements  of  the  trunk.  Ferrier  found,  on  stimulating  one  optic  lobe  in  a 
pigeon,  dilatation  of  the  opposite  pupil,  turning  of  the  head  towards  the  other  side  and  back- 
wards, movement  of  the  opposite  wing  and  leg ;  strong  stimulation  caused  flapping  movements 
of  both  wings.  Danilewsky,  Ferrier,  and  Lauder  Brunton  observed  a  rise  of  tne  blood-pressure 
and  slowing  of  the  heart-b«it,  together  with  deeper  inspiration  and  expiration. 

fiechterew  ascribes  all  the  phenomena,  except  those  of  vision  itself,  which  accompany  injury 
or  stimulation  of  these  bodies,  to  affections  of  deeper-seated  parts.  He  asserts  that  the  corpora 
quadrigemina  contain  neither  the  centre  for  the  movements  of  the  pupils  nor  that  for  the 
combined  movements  of  the  eyeballs ;  not  even  the  centre  for  maintaining  the  equilibrium  of 
the  body.  Stimulation  of  these  bodies  causes  the  animals  to  perform  marked  movements. 
Reflex  phenomena,  nystagmus,  forced  movements,  and  unsteadiness  of  the  gait  only  occur,  how- 
ever, when  the  deeper  parts  are  injnred; 

Pathological. — Lesions  of  the  anterior  pair  in  man,  according  to  the  extent  of  the  lesion, 
cause  disturbance  of  vision,  failure  of  the  pupil  to  contract  to  light,  and  even  blindness ;  there 
may  be  paralysb  of  the  oculomotorii  on  both  sides.  Disease  of  the  posterior  pair  may  be  asso- 
dated  with  disturbances  of  co-ordination  {Nothnaget), 

Forced  Movements. — It  is  evident  from  what  has  been  said  regarding 
the  importance  of  the  corpora  quadrigemina  for  the  harmonious  execution  of 
movements,  that  unilateral  injury  of  such  parts  as  are  connected  with  them  by 
conducting  channels,  must  give  rise  to  peculiar  unilateral  disturbance  of  the 
equilibrium,  causing  variations  from  the  symmetrical  movements  of  both  sides 
of  the  body.     These  movements  are  called  forced  movements.     To  this  class 
belong  the  "  mouvements   de   manage,"   where  the  animal,  instead  of 
moving  in  a  straight  line,  runs  roUnd  in  a  circle ;  index  movements,  where 
the  anterior  part  of  the  body  is  moved  round  the  posterior  part,  which  remains 
in  its  place,  just  like  the  movements  of  an  index  round  its  axis;,  and  rolling 
movements,  when  the  animal  rolls  on  its  long  axis.     All  these  forms  of 
movement  may  pass  into  each  other,  and  they  are,  in  fact,  merely  different 
varieties  of  the  same  kind  of  movement.     The  parts  of  the  nervous  system 
whose  injury  produces  these  movements  are  the  corpus  striatum,  optic  thala- 
mus, cerebral  peduncle,  pons,  middle  cerebellar  peduncles,  and  certain  parts  of 
the  medulla  oblongata.     Eulenburg  observed  index  movements  in  the  rabbit, 
after  injury  to  the  surface  of  the  brain,  and  Bechterew  observed  the  same  in 
dogs.     Forced  movements,  together  with  nystagmus  and  rotation  of  the  eye- 
ballsy  are  caused  by  injury  to  the  olives  (Bechterew),     The  statements  of 
observers  vary  as  to  the  direction  and  kind  of  movement  produced  by  injuring 
individual  parts.     The   following  observations  have  been  made :     Section  of 
the  anterior  part  of  the  pons,  and  of  the  crura  cerebelli  cause  index,  or, 
it  noay  be,  rolhng  movements  towards  the  other  side ;  section  of  the  posterior 
part  of  the  same  regions  causes  rolling  movements  towards  the  same  side,  while 
the  same  result  is  caused  by  a  deeper  punctiure  into  the  tuberculum  acusticum, 
or  into  the  restiform  body.    Section  of  one  cerebral  peduncle  causes  mouve- 
ments de  manage,  while  the  body  is  curved  with  the  convexity  toward  the 
same  side.     The  nearer  to  the  pons  the  section  is  made  the  smaller  is  the 
circle   described ;   ultimately  index  movements  occur.     Injury  to  one  optic 
thalamus  produces  results  similar  to  puncture  of  the  anterior  part  of  the  cerebral 
peduncle,  because  the  latter  is  injured  along  with  it  at  the  same  time.     Injury 
to    the  anterior  part  of   one  optic    thalamus  causes  the   opposite   kind    of 
forced  movement,  viz.,  with  the  concavity  of  the  body  towards  the  injured 
side.     Injury  to  the  spinal  portion  of  the  medulla  oblongata  is  followed  by 
bending  of  the  head  and  vertebral  column,  with  the  convexity  towards  the 
injured  side,  along  with  movements  in  a  circle.     When  the  anterior  end  of  the 
calamus  and  the  part  above  it  are  injured,  the  movements  are  towards  the  sound 
side. 

Strabismus  and  Nystagmus. — Amongst  the  forced  movements  may  be 


920  PINEAL  AND   PITUITARY  BODIES.  [See.  379. 

reckoned  deviation  of  the  eyeballs,  strabismus  or  squinting,  and  involimtiij 
oscillation  of  the  eyeballs,  constituting  nystagmus.  The  latter  condition  occnts 
afier  superficial  lesions  of  the  resliform  body,  as  well  as  of  the  floor  of  the  4th 
ventricle.  A  unilateral,  deep,  transverse  injury,  from  the  apex  of  the  cakmiB 
upwards  as  far  as  the  tuberculum  acusticum,  causes  the  eye  of  the  same  side  to 
squint  downwards  and  forwards,  that  of  the  other  side  backwards  and  upwards. 
Section  of  both  sides  causes  this  condition  to  disappear  {SckuMiMn).  Hence, 
Eckhard  assumes  that  the  medulla  oblongata  is  the  seat  of  an  apparatus  cod- 
trolling  the  movements  of  the  eyes  (^Eckhard^,  which  can  be  excited  by  sudden 
anaemia,  e.g.,  ligature  of  the  cephalic  arteries  in  a  rabbit. 

la  pathologiol  degcDcraiion  of  the  olivary  body  of  the  medulla  oblongata  in  nuw,  Uescfaede 
obaerred  intense  rotaiy  movemeiiti  towards  the  lami  tide. 

Theorjr. — In  order  to  eiplain  the  occurrence  of  forced  movement*,  h  is  m^esled  that  thnr 
is  unilateral  incomplete  paralyaii  [Lafarqtu],  so  that  the  animal  in  iu  eBorU  to  more  ouniii 
leavu  the  paralytic  side  slightly  behind  the  other,  and  hence  there  is  a  variation  final  the 
symmetry  of  the  movemaits.  Brown-S^nird  r^ards  the  nutter  in  exactly  an  oppoaJK  ifla. 
viz.,  as  due  to  stimulalion  from  injury,  causing  an  excessive  activity  of  one-half  of  the  bodj. 
Henle  ascribes  the  movements  to  vertigo,  or  a  feeling  of  giddiness  caused  by  the  injury.  In  ^ 
operations  on  the  central  nervout  system,  where  the  equilibrium  is  deeply  affected,  tberc  is  1 
conuderable  increue  in  the  nimiber  and  depth  of  the  respirations  {Landeit). 

Specially  intereMing  is  the  cerebral  iini/ar^ii/ decubitus  ncutna  or  bed-ata^  deaciftni  br 
Charcot,  which  always  occurs  on  the  paralyzed  side  of  the  body,  1.  e.,  on  the  ndc  opposte  (d  tie 
cerebral  injury.  It  begins  on  the  second  or  third  day,  rapidly  causes  enonDoos  destntctiao  ad 
sloughing  of  the  li^ues  on  the  back  and  lower  extremities,  and  death  sooo  takes  [dace.  The 
decubitus  which  ocean  after  spinal  injuries  usually  liegins  in  the  middle  line  of  (he  taatBch. 
and  extends  symmetrically  on  both  sides.  In  cases  of  unilateral  injury  to  the  spinal  cord,  tie 
_  _  decubitus  occun  on  tbe  cerrafmAf 

:«.     Jt ''  75*  «  gidj  £,f  the  sacral  rcgitBi  (p.  736)- 

[The  Pineal  GUnd  or  epipfayii* 
cerebri  lies  on  the  back  of;  aod  is  cam- 
nected  with,  the  third  ventridc  (If. 
6jt,  Z).  It  prefects  backwards  be- 
tween the  corpora  qnadrigemiiia.  Ic  b 
originally  developed  as  a  hoUow  a>- 
growth  from  that  port  of  tbe  rmlayou 
brain  which  becomes  tbe  third  venbick 
The  hollow  centre  nsnally  disappean. 
while  the  distal  portioii  becones  a- 
larged  and  isollen  lobulated.  Itsdinl 
portion  maylenninate  outside  the  ds3; 
and  in  some  animals  there  is  derekped 
in  the  mediui  line  of  the  akull  tatje 
— pineal  eye — arranged  on  the  'tam- 
tebrate  plan,  as  in  Ai^is,  Hattma,tlc 
{De  Graaf,  Sfetuer-)  (J  405)-] 
„.     ,  [Tbe  pituitary  bodjr  or  bypopbyca 

*''B-  °3l-  cerebri  consists  of  two  lobes,  diSerail 

Longitudinal  section  of  an  adult  human  brain.  Aq,  ■"  origin  and  Kruoure  (fig.  631,  HI. 
aqueduct  of  Sylvius ;  B,  corpus  callotum  ;  Ca,  ante-  Th*  potltriitr  loit  is  developed  b  1 
rior  commissure]  Cm,  middle  commissnre;  Col,  hollow  outgrowth  from  the  pin  of  ike 
lamina  terminalil;  Cj>,  posterior  commiaaure;  FM,  embryonic  brain  coanected  with  ik 
foramen  of  Mnnro;  G,  foraii ;  /i",  pituitary  body ;  third  ventricle.  It  lo&es  its  cavity  inl 
HN,  cerebellum ;  MH,  corpora  quadrigemina ;  NH,  '"  nervous  tissue  ;  is  permeated  by  coa- 
roedullaoblongau; />,  pons  Varolii;  ff,(ipinBlcord-,  neetive- tissue  and  blood-venels ;  toi 
Sp.  septum  lucidum;  /,  inftmdibulum ;  Teh,  tela  i»  connected  with  the  floor  of  the  tkiid 
choroidea;  To,  optic  ihalamui;  VH,  cerebrum;  Z,  ttitricle  by  the  infbndibnlDm.  Tit 
pineal  gland;  /,  olfactory  lobe  and  nerve;  //,  optic  anterior  loit  is  developed  M  a  nbdw 
nerve,  invagination  of  the    atoaaodieam.  li.. 

finm  (he  ectoderm  of  the  boccal  carilji 
bat  it  soon  loses  its  connection  with  ihit  cavity  as  the  upper  end  enlargcsand  tbe  stalk  aOtfibics 
In  mammalia,  the  upper  expanded  end  unites  with  the  aotmot  lobe  to  form  the  piloitaij  Mr. 
For  the  effects  of  its  removal,  see  |  103,  V.] 
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IS  of  •  nnmber  of  leaf-like  folds,  each 

3B0.  STRUCTURE  AND  FUNCTIONS  OP  THE  CEREBELLUM.— [Struclure, 

— On  examining  >  vertical  section  of  a  cerebdlar  leajlel,  we  observe  the  following  microscopic 

appearances  : — -Eiternally  ii  ihe  |ua  mater  with  lis  blood-vessels  (Rg.  632,  a),  which  peoetrate 

inio  ifae  gnqr  nailer,  which  forms  a  thin,  continnous  lajiei  on  the  surface  ;  wiihio  is  the  medalla 

or  central  white  matter,  composed  of  white 

nerve-tihres.     The  gttty  matter  consists  of  i, 

a  broad  outer  or  molecular  layer  (400  ft 

(t  thick],  largely  composed  of  branchtd  librils; 

anil  internal  to  it  is  J,  the  "granular,"  or 

nuclear,   or    nist-cotorcd    layer.      On   the 

Ixiundary  line  between  these  two  is  the  lajer 

nf  Purk  in je's  cells,  c.   The  cell*  of  PurkW  e 


E  (fit  6; 


been  Compared  to  the  branched  antlers  of  a 
"33)'  From  their  outer  surface  is 
a  process  which  rapidly  divides  and 
Hives  nse  to  a  large  number  of  nnaller  pro- 
cesses running  outwards  in  the  outer  gray 
layer.  These  processes  branch  to  form  fibrils, 
and  the  latter  U^m  part  of  the  ground-pleios 
of  librils  in  this  layer.  An  unbtaoched  axial 
cylinder  process  is  sent  inwards  to  the  granu- 
lar layer,  which  it  traverses  oblique!]^  and 
becomes  c 


F^.  631.  Fig.  633. 

Fig.  633. — Vertical  section  of  the  cecd)ellam.  a,  pia  mater;  J, external  layer;  r,  layer  of 
Puikinje's  cells;  </,  iniier  layer;  ^, medullary  while  matter.  Fig.  633. — Purktnje's  cell, 
sablimBte  preparatiDn.     x  120. 

central  white  matter — evnr  cell  of  Purkioje  being  continuous  with  a  straight  unbranched 
medollaled  nerve-fibre.  The  unirancArd  nerve-fibres  ran  straight  from  the  medulla  through 
tbe  grannlaT  layer,  forming  no  connection  vrith  its  granules.  A  second  set  of  branchtd  or 
aiuistomoeing,  often  varicose,  nerve-fibres,  finer  than  the  for^mng,  pass  from  the  medulla  into 
the  granular  layer,  where  Ihey  form  a  network  of  fibrils,  which  is  continued  into  the  molecular 
layer.  This  shows  that  the  gray  superflciat  matter  o(  the  cerebelluni  is  coonected  with  the 
central  white  matta-  by  two  sets  of  ocrve-fibres.  The  granular  or  nuclear  layer  is  composed 
of  closely  packed  granules  of  two  kinds;  ooe  is  stained  by  hsematoxylin,  and  the  other  with 
eosUs  {jJemiueitiB).  The haemaloxylinstained cellsaie  mcetnumerous;  they  consittofanncleus 
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surrounded  by  protoplasm,  and  are  what  were  formerly  called  grairales.  The  eosn-stamed  cdls, 
which  are  also  stained  by  nigrosin  (Benwr),  are  interposed  in  the  course  of  medullated  nerve- 
fibres.  The  haematoxylin  cells,  called  glia  celk  by  Beevor,  have  psrocesses,  and  fonn  a  i^- 
work  throughout  the  granular  layer,  which  also  extends  into  the  molecular  layer.  This  net- 
work is  regarded  as  the  continuation  of  the  modified  myelin  of  the  nerve-fibres,  and  it  forms 
a  capsule  for  the  cells  of  Purkinje.  The  molecular  layer  consists  of  a  ground  substance,  com- 
posed of  a  spongy  network  of  fine  fibrils,  some  of  which  seem  to  be  of  the  nature  of  neuroglia, 
and  others  are  nerve-fibrils.  When  these  fibrils  are  cut  across  they  give  the  layer  its  moleooJiT 
dotted  appearance.  Some  authors  describe  it  as  containing  a  homogeneous  substance,  part  of 
which  is  more  condensed  to  form  a  limitans  externa  on  the  surface  of  the  cerebellum,  while  oc 
the  boundary  line  next  the  granular  layer  the  branches  of  the  glia-cells  form  a  limitans  hitems, 
and  between  the  two  stretches  the  neuro-keratin  network.  Some  small  varicose  nerve^Sves 
exist  in  this  layer  continuous  with  those  in  the  granular  layer.  The  branched  pi-ocess  of  the 
cells  of  Purkinje  is  fibrillated,  and  the  finer  processes  are  composed  also  of  fibrils,  which  are 
gradually  distributed  until  they  become  isolatea.  It  is  suggested  by  Beevor  that  these  Bbiils 
bend  at  a  right  angle  in  a  plane  parallel  to  the  surface,  and  rearrange  themselves  as  fibres  soi- 
rounded  by  a  medullated  sheath,  and  that  these  fibres  run  inwards  through  the  molecular  and 
granular  layers — as  the  branched  fibres — to  the  medulla.] 

[Results  by  Golgi's  Method. — It  has  been  shown  by  Golgi,  Ramon  j 
Cayal  and  Kolliker  that  the  nuclear  layer  contains  a  very  large  number  of  mul- 
tipolar nerve-cells,  some  small  and  others  large.     From  the  smaller  nerve-cells 

an  axis-cylinder  process  proceeds  vertically  into  the  molecu- 
lar layer,  where  it  divides  into  two  horizontal  and  longitu- 
dinal unbranched  fine  fibres  whose  terminations  are  unknown. 
The  larger  cells  occur  more  seldom,  and  their  numerous 
branched  protoplasmic  processes  penetrate  deep  into  the 
molecular  and  central  white  matter. 

In  the  molecular  layer  also  are  branched  nerve-cells ;  the 
innermost  ones  have  been  called  "  basket-cells."  They  have 
numerous  long  protoplasmic  processes,  the  branches  of  some 
of  which  reach  to  the  outer  parts  of  the  molecular  layer. 
The  axis-cylinder  process  is  very  long  and  runs  transveiscly 
parallel  to  the  cerebellar  folds  over  the  bodies  of  the  cells  of 
Purkinje,  and  sends  inwards  branches  which  rapidly  ^lit  up 
and  form  a  sort  of  basket- like  plexus  round  the  bodies  of 
Purkinje's  cells.] 

Purkinje's  cells  give  off  an  extraordinary   number  of 
protoplasmic  processes,  which  pass  quite  to  the  sur£Eu::e  of 
the  molecular  layer,  but  these  processes  never  anastomose 
amongst  themselves  and  they  all  lie  in  one  plane,  viz.,  in  the 
v  • »     ti  transverse  direction  of  the  leaflet,  so  that  the  cell  appears  as 

from  the^side*Ae  ^^  ^^'  ^3?  ^^^°  ^^  P^^°^  ^^  ramification  is  directed  to  out 
section  be'ing  s*^^»  ^"*  ^^  looked  at  on  edge  they  present  the  appearance 
made  vertical  to  seen  in  fig.  634.  The  processes  end  free.  The  axis-cylinder 
the  surface  and  process  gives  off  some  lateral  branches,  some  of  which  ran 
parallel  with  the  backwards  into  the  molecular  layer.  Numerous  fine  medul- 
convolution       *  ^^^^  branched  nerve-fibres  exist  in  the  molecular  layer,  and 

they  form  a  dense  network  in  the  granular  layer  under 
Purkinje's  cells.  Some  of  the  nerve-fibres  in  the  central  white  matter  divide 
before  they  enter  the  gray  matter.] 

Function  of  the  Cerebellum. — Injuries  of  the  cerebellum  cause  dis- 
turbances in  the  harmony  of  the  movements  of  the  body.  Most  probably  the 
cerebellum  is  a  great  and  important  central  organ  for  the  finer  co-ordinati<»i 
and  integration  of  movements.  The  fact  that  it  is  connected  with  all  the  col- 
umns of  the  spinal  cord  and  with  all  the  central  ganglionic  masses  re&d&s 
this  very  probable.  The  direct  cerebellar  tracts  from  the  lateral  column  of 
the  cord  conduct  sensory  impressions  to  the  cerebellum,  and  thus  indicate  the 
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posture  of  the  trunk.  The  cerebellum  may  afTect  the  motor  nerves  of  the  cord 
through  fibres  which  pass  downward  in  the  lateral  columns  of  the  cord  from 
the  restiform  bodies  {Flechsig).  Injury  of  the  cerebellum  neither  produces  dis- 
turbance of  the  psychical  activities,  nor  does  it  interfere  with  the  will  or  con- 
sciousness.    Injuries  to  the  cerebellum  itself  do  not  give  rise  to  pain. 

According  to  ScbifT,  (he  cerebellum  cioes  not  actually  regulate  the  co-ordmatian  of  move- 
menls.  According  to  him,  there  is  a  mechanism  oq  both  sides  of  the  middle  line,  which 
iiKreasei  all  the  complicated  muiculai  tnorements — not  only  those  for  powerful  contiaclions, 
but  also  the  peculiar  fine  movemeuts  which  Hi  the  limbs  and  joints.  Ludani  asserts  that 
deitniction  of  the  cerebellum  produces  a  condition  of  iacomplele  lonus,  there  being  a  want  of 
energy  to  control  (be  voluntary  muscles.  Each  half  of  the  organ  acis  OD  both  halves  of  the 
body. 

Injury  or  Removal  of  Cerebellum. — The  immediate  results  produced 
by  injury  to  or  removal  of  the  cerebellum  have  been  admirably  described  by 
Flourens  (fig.  635)-  On  removing  the  most  superficial  layers  in  a  pigeon,  the 
animal  merely  showed  signs  of  weakness  and  interference  with  the  uniformity 
of  its  movements.  On  removing  more  of  the  cerebellum,  the  animal  became 
greatly  excited,  and  made  violent  irregular  movements,  which  did  not  partake 
of  the  character  of  convulsions.  The  sensorium  was  unaffected,  while  vision 
and  hearing  were  intact.  Co-ordinated  movements,  such  as  walking,  flying, 
springing,  and  turning,  could  be  executed  but  imperfectly.  After  removal  of 
the  deepest  layers,  the  power  of  executing  the  above-named  movements  was 
completely  abolished.  On  placing  the  pigeon  on  its  back,  it  could  not  get  on 
its  legs ;  at  the  same  time  it  made  continually  the  greatest  exertions  in  its 
movements,  but  these  were  always  in  co-ordinated,  and  therefore  without  any 
satisfactory  result.  The  will,  intelligence,  and  perception  remained  intact ; 
the  animal  could  see  and  hear,  and  sought  to  avoid  obstacles  placed  in  its  way. 
It  gradually  exhausted  itself  in  fruitless  efforts  to  get  on  its  legs,  and  ultimately 
remained  in  its  abnormal  position,  quite  exhausted.  Flourens  concluded  from 
these  experiments  that  the  cerebellum  is  the  centre  for  co-ordinating  voluntary 
movements.  Lussana  and  Morganti  regard  the  cerebellum  as  the  seat  of  the 
muscular  sense. 

[Bstirpktion  in  HamtnalB.— The  dangers  attending  this  operBtion  are  so  great  that  but  few 
AJDunals  lurvive.     Luciani,  however,  by  using  antiseptic  and  other  precautions,  hu  been  able  to 
operate  so  that  complete  cicatrization  was  obtained,  the  animal  <young   bitch)  being  restored  to 
health  for  a  few  months.     The  cerebellam  alone  was  remored.  but  not  its  peduncles.    As  in  all 
other  similar  operations,  we  must  distinguish  shatpty  the  phenomena  manifested  during  recovery 
from  those  after  complete  recovery.     During  \he  Jlrsi period  of  six  weeks,  from  the  tune  of  the 
operatioa  until  complete  recovery,  the  symp- 
tom* are  those  of  injury  and  irritation  of  the 
divided  peduncles,  aJong  with  those  resulting 
from   the   removal  of  the  organ.     They  are 
clODJc  contractions  of  the  muscles  of  the  fore 
limb,  neck,  and  tiack,  passing  into  tonic  con- 
tnctions  when  the  animal  attempts  to  move, 
and  also  weakness  of  the  hind  legs,  so  thst 
All  the  normal  voluntary  movements  are  in. 
teriered  with,  i.  t.,  inco-ordinated,  although 
ihoe  symptoms    may  be  explained    by  (he 
JDJiny    to    adj(MDing    parts.     There    was  do 
senaofy  diHorbance   or  lots  of  the  muscular 
teoat,  although    closing    the    eyes  rertdered 
■tanding  imposnhle.    As  recovery  takes  place, 
tbeae  symptoms  disappear,  and  the  animal  en- 

t«ra  on  the  second pirigd,  where  the  symptoms  _ 

depending  on  the  actual  loss  of  the  organ  are 
pnononnced.      The  contracture  and  pseudo-  Kgeon  will 

paralytic  weakness  disappear,  while  there  are 
alterations  in  the  tone  of  the  individual  muscles,  producing  a  sort  of  "ceretwllar  ataxy." 
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The  dog  could  swim  in  quite  a  normal  manner,  its  power  of  equilibration  was  not  inteifaoi 
with,  but  acts  requiring  a  greater  development  of  muscular  energy  coold  not  be  properly  exe- 
cuted. This  period  lasted  four  to  five  months.  After  this  time  its  health  gave  way,  there 
was  otitis,  conjunctivitis,  articular  and  cutaneous  inflammations,  while  a  pecnliar  form  of 
marasmus  set  in,  and  the  animal  died  after  eight  months.  In  fishes  also,  the  remora]  of  ^ 
cerebellum  does  not  afTect  their  power  of  locomotion  {Batufeiot),'] 

Duration  of  the  Phenomena. — After  superficial  lesions,  or  alter  a  deep 
incision,  the  disturbances  of  co-ordination  soon  pass  away  (^Flourens).  If  tfa« 
injury  affects  the  lowest  third  of  the  cerebellum,  the  motor  disturbances  remain 
permanently.  Symmetrical  lesions  do  not  disturb  co-ordination  (Sckif^^. 
After  removing  the  greater  portion  of  the  cerebellum  in  birds,  Weir-Mitcidl 
has  observed  that  the  original  disturbances  gradually  disappear;  and  i^ 
months  only  slight  weakness  and  a  condition  of  rapid  fatigue  remain. 

After  ablation  of  the  cerebellum,  secondary  degeneration  occurs  in  the  part  of  the  peas 
around  the  pjrramids,  the  lower  olives,  all  the  cerebellar  peduncles,  and  the  direct  ccrcbcOar 
tract,  usually  on  the  same  side  (Flechsi^).  It  is  found  also  in  individual  fibres  in  all  the  ctbbI 
nerves  and  the  anterior  roots  of  the  spmal  nerves  (Marcki), 

In  the  dog,  superficial  injuries  of  the  vermiform  process,  or  of  one-half  of  tbe  organ,  predacf 
merely  temporary  disturbances ;  while  deep  injuries  to  the  vermifonn  proceas,  or  removal  of  one 
hemisphere  and  a  part  of  the  vermiform  process,  causes  permanent  rigidity  of  the  legs  andshaldog 
of  the  head ;  if  the  worm  and  both  halves  are  destroyed,  there  follows  permaneDt  pnMKHBced 
disturbance  of  co-ordination  {v,  Mering\  According  to  Baginsky,  destruction  of  a  large  pvr 
of  the  vermiform  process  alone  causes  in  msunmals  permanent  disturbance  of  co-ofdinatka. 
Ferrier  found  that  a  vertical  section  of  the  cerebellum  in  monkeys  produced  only  inromidffrafaie 
disturbances  of  equilibrium ;  after  injury  of  the  anterior  part  of  the  middle  lobe,  the  asBtl 
often  falls  forward ;  while,  when  the  posterior  part  is  injured,  it  falls  backward.  After  ajvy 
of  the  lateral  lobe,  the  animal  is  drawn  towards  the  affected  side  [Sckiff^  Vulpiany  Farvr, 
Hitzig).  If  the  middle  commissure  is  injured,  the  animal  rolls  violently  on  its  loi^  axis  towmfc 
the  injured  side  (Magendie).  Paralysis  never  occurs  after  injuries  of  the  cerebellnni,  bot  is 
there  ever  disturbance  of  sensation  or  of  the  sense  of  touch.  Luciani  found  that,  in  aninafa 
with  the  cerebellum  extirpated,  marasmus  ultimately  set  in.  In  fix>g^,  an  important  orgu 
concerned  with  motion  lies  at  the  junction  of  the  oblongata  with  the  cerebdlom  {E^kJUrs  . 
After  it  is  removed  the  animal  can  no  longer  execute  co-ordinated  jumping  movements,  vtx  az 
it  crawl  (Go//z). 

[In  man  the  cerebellum  is  connected  with  the  maintenance  of  the  equilibrium.  Hktc  vtm 
be  a  lesion  of  the  hemispheres  without  any  marked  symptoms ;  but  if  the  middle  lobe  be  if^ami 
or  pressed  on  by  a  tumor,  there  is  usually  a  reeling  or  staggering  gait,  like  that  of  a  dnat^es. 
man.  Ross  points  out  that  if  the  tumor  affect  the  upper  part  of  this  lobe,  the  tendency  is  id 
fall  backwards,  and  if  in  the  lower  part,  to  fall  forwards  or  to  revolve  roand  a  horiaymai  axii^ 
Vomiting  is  frequently  persistent  and  well  marked,  while  there  may  be  nystagmus  and  toatc  ^^ 
traction  of  tbe  head.] 

After  injuries  of  the  cerebellum,  involuntary  oscillations  of  the  eyebalb  or  nystagmus,  u 
well  as  squinting  {Magendu^  Hertwig\  have  been  observed ;  while  Ferrier  observed  movciiats 
of  the  eyeballs  after  electrical  stimulation.  According  to  Curschmann,  Eckhard,  and  Schwisn. 
this  occurs  only  when  the  medulla  oblongata  is  involved  (}  379). 

Effects  of  Electricity  and  Vertigo. — ^If  an  electrical  current  be  passed  throng^  the  bead. 
by  placing  the  electrodes  in  the  mastoid  fossae  behind  both  ears,  with  the  +  pole  behind  tbefi^ 
and  the  —  pole  behind  the  left  ear,  then  on  closing  the  current  there  is  severe  vertigVy  and  tbe 
head  and  body  lean  to  the  -f-  pole,  while  the  objects  around  seem  to  be  displaced  to  tbe  IdL 
If  the  eyes  be  closed  while  the  current  is  passing,  the  movements  appear  to  be  transiesnd  i: 
the  person  himself,  so  that  he  has  a  feeling  of  rotation  to  the  left  {^Purkinje),  At  the 
the  head  leans  towards  the  anode,  the  eyes  turn  in  that  direction,  and  often  exhibit  n 
The  electrical  current  probably  stimulates  the  nerves  of  the  ampulke,  as  we  know  that 
of  these  bodies  cause  vertigo  (J  350).  The  cerebellum  has  no  relation  to  the  sexual  u3afia&, 
as  was  maintained  by  Gall.  The  contractions  of  the  uterus  observed  by  Valentin,  Bodge,  ttc 
Spiegelberg,  after  stimulation  of  the  cerebellum,  are  as  yet  unexplained. 

Pathological. — Lesions  of  one  hemisphere  may  give  rise  to  no  symptoms ;  but  if  the  nidef 
lobe  is  involved,  there  is  inco-ordination  of  movement,  enxcially  a  tendency  to  foil,  aoiteae? 
gait,  and  pronounced  vertigo.  Irritative  lesions  of  the  middle  peduncle  cause  complete  gTrada; 
movements  of  the  body  around  its  axis,  together  with  rotation  of  the  eyes  and  bead  \S^ 
nagel). 
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381.  PROTECTIVE  APPARATUS  OF  THE  BRAIN.— The  Membwnea.— The 
dura  mKtcT  cerebralis  is  intimBtely  united  to  the  periouenm  of  the  CKVity  of  the  skull,  while 
the  qMoil  dura  mater  Toniis  around  the  spinal  cord  b  free!]'  suspended  long  sac,  lixed  otil;  on 
its  aalerior  surface.  It  is  a  tibrous  membrane,  consisting  of  firni  bundles  of  connective-tissue 
inlemiiied  with  numerous  etasic  fibres,  and  provided  with  flattened  connective- tiame  corpuscles 
and  Waldeyer's  plasma  cells.  The  smootb,  iniin  surface  is  covered  with  a  layer  of  cndothelinii). 
It  is  but  slightly  supplied  with  blood-vexseU,  allboi^h  they  are  more  nomemis  in  the  outer 
layers ;  the  lymphatics  are  numerous,  while  nerves  whose  lenninationE  are  unknown  give  to  the 
dora  its  exquisite  sensitnlity  to  painfiil  operations  on  it.  Paciniao  corpuscles  hsve  been  found 
in  the  dura  over  the  temporal  bone.  Ille  lymphatic  eubdural  apace  {^Kiy  and  XflMius)  lies 
between  the  dura  and  the  aracliooid,  and  between  the  pia  and  arachnmd  is  the  aubaracbnoid 
apace  (fig.  636}.  These  two  spaces  do  not  commuDicaie  directly.  The  delicate  arachnoid, 
thin  and  pailUlly  perforated,  poor  in  blood-vessels  and  without  nerves,  is  covered  on  both  sur- 
faces with  squamous  endothelium.  Only  on  the  spinal  cord  is  it  separated  from  the  pia,  so  that 
between  the  two  lies  the  lymphatic  subarachnoid  space ;  over  the  brain,  the  two  membranes  are 
foi  the  most  uBit  nuited  tt^ether,  except  the  parts  bridging  over  the  sulci  betweea  adjacent  con- 
volutions. The  arachttoid  passes  from  convolution  to  convolution  without  dipping  into  the  sulci, 
while  the  pia  dips  into  each  sulcus  {6g.  636,  a).  The  ventricles  of  the  brain  communi- 
cate freely  with  the  lymphatic  subarachnoid  space,  but  not  with  the  subdural  space.  The 
pia  consists  of  delicate  bundles  of  Connective  tissue  without  any  admixture  of  elastic  libres ;  it 
is  richly  supplied  with  blood-vessels  and  lympbalics,  and  carries  nerves  which  accompany  the 
blood-vessels  into  the  sabMance  of  the  bram.  The  lymphatics  open  into  the  subarachnoid 
space  {i  196). 

Subarachnoid  Fluid,  or  cerebro-apinal  fluid,  ties  iu  the  subarachnoid  space,  which  is 
traversed  by  trabecuUe  of  connective  tissue.  Within  the  brain  are  a  series  of  cavities  called 
veatliclea,  which  communicate  one  with  another  in  a  definite  way.  The  fonith  ventricle  is 
lined  by  a  layer  of  columnar  epilbeliom,  and  covered  in  dorsally  by  a  membrane  and  continua. 
tion  of  the  pia  mater,  from  the  middle  of  which  there  hangs  Into  the  roof  of  the  fourth  ventricle 
two  vascular  processes  composed  of  capillaries — the  choroid  plexuses  of  the  fourth  ventricle, 
which  are  comparable  to  the  larger  plexuses  of  the  lateral  ventricles.  In  this  membrane  is  the 
foramen  of  Ma^ndie  and  two  other  smaller  foramina,  whereby  the  fluid  in  the  subarachnoid 
space  communicates  with  that  in  the  fourth  ventricle;  but  the  lymphatics  of  the  nerve-sheaths 
can  be  injected  from  the  sobarachnoid  space,  so  that  there  is  direct  continuity  of  the  fluid  in 
the  ventricles  of  the  brain  whh  that  in  the  subarachnoid  space,  perivascular  spaces  of  the 
cerebral  substance,  and  the  perineural  lymphatic*  of  nerves.  The  average  quantity  is  about  z 
ounces,  and  if  it  be  suddenly  with- 
drawn epilepsy  or  convulsions  may  V  J  (C 
be  produced  ;  or.  if  it  be  rapidly 
increased  in  amount,  coma  may  be  'ct 

pnidnced.    The  base  of  the  mid-  tet. 

die  and  posterior  parts  of  the  brain  ,' '  ac 

and  the  medulla  oblongata  do  not  '^-n 

rert  directly  on  hone,  but  are  sepa-  r 

rated  by  a  diMinct  interval  from 
their  osseous  case,  an  interval  occu- 
pied by  the  cerebro-spinal  fluid 
and  traversed  by  trabecule,  so  thai 
as  Hilton  expresses  it,  this  fluid 
fonm  a  perfect  water-bed  for  those 
parts,  being  sustained  by  the 
-venous  circulation  and  the  elastic- 
ity of  the  dura.  It  has  important 
mechanical    functions,    protecting 

delicate  part*  of  the  brain   from  Pig_  gig, 

injury;    bj    distributing   vibratory 

impulses  it  insulates  the  nerve-  Vertical  section  of  the  cortex  cerebri  and  its  membranes ; 
roots,  and  has  important  relations  X  z^.  i-n,  cortex  cerebri ;  /,  Intima  pile  dipping  into  the 
to  the  quantity  of  blood  in  the  sulci ;  □,  arachnoid,  connected  with  f  by  means  of  the 
brain  and  the  cerebral  circulation  loose  subarachnoid  trabeculx  in  the  subtuachnoid  space, 
(Chemical  Composition,  {  198].]  la;   i/,  v,  blood -vessds ;  J,  dura;  iJ,  subdural  space. 

[Spina  bifidJa. — Sometimes  the 
Umimc  of  the  vertebne  in  the  lumbar  or  other  r^on  of  the  spinal  column  are   imperfectly 
developed,  in  which  case  the  membranes  project  through  as  a  tumor  distended  by   cerebro- 
spinal fioid  and  covered  by  skin.    The  effects  of   rapid  tapping  or  compressing  the  sac  are 
readily  studied  in  such  cases.] 
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The  Pacchionian  bodies,  or  granulations,  are  connective-tissue  villi,  which  serre  for  the 
outflow  of  lymph  from  the  subdural  and  subarachnoid  spaces  into  the  sinuses  of  the  dura  maier. 
especially  the  longitudinal  sinus.  The  subarachnoid  space  also  communicates  with  the  spaces  ie 
the  spongy  bone  of  the  skull,  and  with  the  veins  of  the  skull  and  surface  of  the  fince  iJC^Umemm}. 
The  subdural  space  also  communicates  with  the  lymphatic  spaces  in  the  dura,  while  the  Imer 
communicate  directly  with  the  veins  of  the  dura.  Both  the  subdural  and  sabaradizioid  Ijm- 
phatic  spaces  communicate  with  the  lymphatics  of  the  nasal  mucous  membrane.  The  space  cm- 
side  the  dura  of  the  spinal  cord  is  called  the  epidural  space,  and  may  be  regarded  as  lyoqibttic 
in  its  nature;  the  pleural  and  peritoneal  cavities  may  be  filled  from  it ;  but  it  does  noi  oohbi 
nicate  with  the  cavity  of  the  skuU.  The  plexuses  of  blood-vessels  are  sorroiuided  bj  ode- 
veloped  connective- tissue.  The  telse  choroidese  in  the  new-bom  are  still  covered  with  ciliiied 
epithelium. 

Movements  of  the  Brain. — The  pulsations  of  the  large  basal  cerehral 
vessels  communicate  their  pulsatile  movements  (§  79,  6)  to  the  biain— the 
respiratory  movements  also  affect  it,  so  that  the  brain  rises  daring  ezpintioQ 
and  sinks  during  inspiration.  Lastly,  there  are  slight  alternating  vasculea' ^it- 
vations  and  depressions,  occurring  2  to  6  times  per  minute,  due  to  the  periodic 
dilatation  and  contraction  of  the  blood-vessels  (§  371).  Psychical  excitement 
influence?  these,  and  they  are  most  regular  during  sleep.  The  movements  are 
best  seen  especially  where  the  membranes  of  the  brain  offer  little  resistance, 
e,  g,,  over  the  fontanelles  in  children,  and  where  the  membranes  have  bees 
exposed  by  trephining.  The  presence  of  the  cerebro-spinal  fluid  is  most  im- 
portant for  the  occurrence  of  these  movements,  as  it  propagates  the  prwsaie 
uniformly,  so  that  every  systolic  and  expiratory  dilatation  of  the  blood-vesseis 
is  concentrated  upon  those  parts  of  the  cerebral  membrane  which  do  not  o&r 
any  resistance  (^Danders).  When  the  fluid  escapes,  the  movements  may  almost 
disappear. 

[Methods. — ^The  following  methods  have  been  used  by  different  observeis  in  stndjisg  tk 
cerebral  circulation:  (i)  Inspection  of  the  pia  mater  (HalUr)^  and  the  modifkatiop of  ttei 
method  by  Bonders,  who  trephmed  the  skull,  and  inserted  a  glias  plate  in  the  apeftare.  3 
Over  the  fontanelles  of  children,  or  in  cases  of  imperfect  ossification  of  the  sknU  bones,  ode 
observers  have  applied  a  receiving  Marejr's  tambour,  and  thus  recorded  the  naovemesfts  of  6e 
brain  synchronous  with  respiration  and  heart-beat  {Moiso),  (3)  In  the  adult  a  hole  is  trqiUsei 
in  the  skull,  and  a  modified  cannula  inserted,  and  tne  movements  of  the  brain  recorded  \^  weim 
of  a  Marey's  tambour  (Fredericq),  (4)  Measuring  the  ootflow  of  blood  from  a  cer^nl  veis^ 
(5)  Measuring  simultaneously  the  blood-pressure  in  the  cerebral  end  of  the  divided  ioKrul 
carotid  artery,  and  in  a  systemic  artery  {Franck),  (6)  A  plethysmographic  method  vas  ved 
by  Roy  and  Sherrington.  A  trepan  hole  is  made  in  the  skull,  and  the  dora  ooater  divided,  lad 
into  the  hole  in  the  skull  is  fixed  a  metallic  capsule,  closed  bdow  by  a  flexible  membcaae,  wbic^ 
rests  on  the  surface  of  the  brain,  and  follows  its  movements.  The  upper  end  of  the  capsak  b 
connected  with  a  recording  apparatus,  similar  to  that  used  for  recording  the  volnae  of  tbe 
kidney,  or  for  studying  the  pulse-wave,  in  fact  a  kind  of  oncograph  (p.  546^.  Thb  Bttbod 
registers  the  variations  in  the  vertical  thickness  of  the  cerebral  hemisphere.  At  the 
it  is  most  important  to  estimate  the  blood-pressure  in  a  large  vein  and  a  systemic  aiteiy.] 

[Stimulation  of  the  central  end  of  the  sciatic  nerve,  and  other  sensory  nerves,  canses 
of  the  brain,  which  is  due  to  the  rise  of  pressure  in  tbe  systematic  arteries,  so  that  the 
is  due  to  the  passive  distention  of  the  cerebral  vessels  as  a  result  of  the  rise  in  the  sf^tes^c 
blood- pressure.] 

[Asphyxia  also  causes  a  great  expansion  of  the  brain,  which  is  partly  doe  ts 
the  passive  distention  of  the  cerebral  vessels  following  on  the  rise  of  pressct 
in  the  systemic  vessels,  but  partly  also  to  active  expansion  of  the  cerelHal  Tts* 
sels.  Muscular  movements  also  increase  the  cerebral  congestion.  The  hna- 
curves  exhibit  Traube-Hering  undulations  under  certain  conditions.  Chknil 
hydrate  causes  contraction  of  the  brain,  unaccompanied  by  any  corre^poods^ 
fall  in  the  arterial  blood-pressure.  Chloroform  causes  marked  cerebral  cootn^ 
tion.     Ether  causes  expansion,  and  strychnin  an  enormous  expansion.    Into- 
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venous  injection  of  dilute  acids  produces  great  and  immediate  expansion  of  the 
brain,  but  there  is  no  rise  of  pressure  in  the  systemic  arteries  to  account  for  the 
cerebral  congestion ;  alkalies  diminish  the  volume  of  the  brain.  As  a  result  of 
these  and  other  experiments,  it  seems  that  the  blood-supply  to  the  brain  varies 
directly  with  the  blood-pressure  in  the  systemic  arteries.  Roy  and  Sherrington, 
however,  have  found  no  evidence  of  the  existence  of  vaso-motor  nerves  for  the 
brain  in  the  neck,  or  outside  the  cerebro-spinal  canal,  or  indeed  in  the  medulla 
or  cord.  If  there  are  vaso-motor  fibres  directly  regulating  the  calibre  of  the 
vessels  of  the  pia  mater,  there  must  be  some  other  explanation  of  the  adapta- 
tion of  the  state  of  the  cerebral  blood-vessel  to  the  needs  of  the  brain.  Roy 
and  Sherrington  are  inclined  to  think  that  the  chemical  products  of  cerebral 
metabolbm  can  cause  variations  of  the  cerebral  vessels,  and  thus  the  brain  pos- 
sesses an  intrinsic  mechanism  by  which  its  vascular  supply  can  be  varied 
locally  in  correspondence  with  local  variations  of  functional  activity,  and  this 
independent  of  the  existence  of  vaso-motor  nerve-fibres  acting  directly  on  the 
cerebral  vessels,  as  is  the  case  in  other  regions  of  the  body.] 

Mental  excitement  increases  the  pukations  of  the  brain.  At  the  moment  of  awaking,  the 
amount  of  blood  in  the  brain  diminishes ;  sensory  stimuli  applied  during  sleep,  so  that  the 
sleeper  does  not  awake,  increase  the  amount  of  blood.  As  the  arteries  within  the  rigid  skull- 
case  change  their  Tolume  with  each  pulse-beat,  the  veins  (sinuses)  exhibit  at  every  beat  a 
pulsatile  variation  in  volume,  the  opposite  of  that  occurring  in  the  arteries  (Mosso), 

The  Cerebral  Blood-Vessels. — The  blood-vessels  of  the  pia  are  said  to  be  rq^ated  by  the 
vaso-motor  nerves  (\  356,  A,  3),  and  their  calibre  may  also  be  influenced  by  the  stimulation  of 
more  distant  parts  of  the  body  ({347).  Donders  trephined  the  skull  so  as  to  make  a  round 
bole,  and  filled  it  with  a  piece  of  glass,  so  that  with  a  microscope  he  could  observe  changes  in 
the  calibre  of  the  blood-vessels.  Paraljrsis  of  the  vaso-motor  nerves  and  narcotics  dilate  the 
blood-vessels;  they  become  greatly  contracted  at  death  ({  373,  I).  The  blood-vessek  are 
dilated  during  cerebral  activity  ({  100,  A),  as  well  as  during  sleep.  Increased  pressure  within 
the  skull  causes  great  derangement  of  the  cerebral  activity — labored  respiration  fj  368,  B^, 
unconsciousness  even  to  coma,  and  paralytic  phenomena — all  of  which  may  in  part  be  referable 
to  dbturbances  of  the  circulation.  If  all  the  cranial  arteries  be  ligatured  suddenly,  there  is 
immediate  loss  of  consciousness,  together  with  strong  stimulation  of  the  medulla  oblongata  and 
its  centres,  and  death  takes  place  rapidly,  with  convulsions  (compare  {  373). 

By  the  free  anaatomosis  which  takes  place  at  the  base  of  the  brain,  forming  the  circle  of 
Willis  (fig.  637),  the  individual  {xirts  of  the  brain  are  preserved  from  want  of  blood,  when  one 
or  other  blood-vessels  is  compressed  or  occluded.  fVitiin  the  brain  the  arteries  are  distributed 
as  *'  terminal  arteries,''  t.  ^.,  the  terminal  branches  of  any  one  artery  end  in  their  own  area,  and 
do  not  anastomose  with  those  of  adjoining  areas  (CoAnAeim).  On  the  other  hand,  the  peripheral 
arteries  (arteries  of  the  corpus  callosum.  Sylvian  fissure,  and  deep  cerebral)  which  run  externally 
on  the  brain,  form  free  anastomoses  ( Tichomirow). 

[The  nutrient  or  ganglionic  arteries  for  the  central  ganglia  arise  in  groups  from  the  circle 
of  Willis,  or  from  the  first  two  centimetres  of  its  trunks.  The  antero-median  group  (i)  sup- 
plies the  anterior  part  of  the  head  of  the  caudate  nucleus.  The  postero-median  group  (2) 
enter  the  posterior  perforated  space  and  supply  the  internal  surface  of  the  optic  thalami  and  the 
walls  of  the  third  ventricle.  The  antero-lateral  groups  (3,  3)  from  the  middle  cerebral  enter 
the  anterior  perforated  space,  supply  the  corpora  striata,  the  anterior  part  of  the  optic  thalamus, 
and  the  internal  capsule.  These  branches '  are  apt  to  rupture.  The  postero-lateral  (4, 4) 
supply  a  large  part  of  the  optic  thalami  {Ckarco^),  A  line  drawn  at  a  distance  of  two  centi- 
metres outside  the  circle  of  Willis  encloses  the  ganglionic  area.  The  cerebral  convolutions 
are  supplied  bv  the  large  branches  of  the  circle  of  Willis.  The  anterior  cerebral  curves  round 
the  corpus  callosum,  and  supplies  the  gyrus  rectus  and  the  supraorbital,  the  first  and  second 
frontal  convolutions,  the  upper  part  of  the  ascending  frontal,  and  the  inner  surface  of  the 
hemisphere  as  far  as  the  quadrate  lobule  (fig.  637, 1).  The  posterior  cerebral  goes  to  the 
region  of  the  occipital  lobe  and  the  inferior  aspect  of  the  temporal  lobe;  the  middle  cerebral 
or  Sylvian  aitenr  divides  into  four  branches,  which  go  to  the  posterior  pmrt  of  the  frontal  lobe, 
ascendmg  firontal,  and  to  all  the  parietal  lobes,  f.  e.,  chiefly  to  the  motor  areas  (III)  the  aneular 
g^yrus,  and  to  the  first  temporo-sphenoidal  lobule.  The  terminal  branches  of  these  ganglionic 
arteries  do  not  anastomose  with  the  cortical  system  [although  this  seems  to  be  subject  to 
variations].  Fig.  638  shows  the  ganglionic  arteries  piercmg  the  basal  ganglia.  Obviously,  when 
hemorrhage  of  the  lenticulo- striate  artery  or  "  artery  of  hemorrhage "  (4,  4)  occurs,  it 
will   compress  the  lenticular  nucleus,  or  tear  it  up,  and  may  even  injure  the  parts  outside, 
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such  as  the  external  capsule,  claustrum  (T), 
the  internal  capsule.] 


and  island  of  Reil  (R),  or  those  inside,  r^^ 

[Thus  the  anterior  cerebral 
supplies  the  prefrontal  am  aod 
a  small  part  of  the  motor  area, 
that  for  the  leg-centre  in  tbe 
paracentral  lobule  and  wp^ 
end  of  the  ascending  frootil 
(and  perhaps  that  kx  the 
trunk).  The  posterior  cere- 
bral supplies  the  centre  fcr 
vision,  and  that  connected  with 
the  course  of  the  posterior  pet 
of  the  optic  expansion,  and  also 
the  sensory  piart  of  tbe  inter- 
nal capsule.  The  middle 
cerebral  supplies  tbe  laotor 
areas  of  the  cortex,  except  pat 
of  the  leg-centre  znd  tbe  basal 
ganglia,  the  auditory  centre, 
and  that  for  speech.] 

[The  cerebral  circubtioii 
has  numy  peculiarities.    For  its 
size,  the  percentage  of  blood  io 
the  brain   at  any  one  time  t 
small.     In  the  rabbit  it  b  o&Ir 
I  per  cent  of  the  total  yohme 
of  blood  of  the  body,  and  cot 
more  than   5  per  cent  of  tbe 
total  weight  of  tbe  bntn  itieK 
thus  forming  a  sharp  contrast  to 
the  liver  and  kidney  as  regards 
blood-supply.     Tbe  ourres  oa 
the  arteries  serve  to  modiij  the 
effect  of  the  cardiac  sbod,  tk 
circle  of  Willis  permits  witin 
Arteries  of  the  base  of  the  brain,  or  circle  of  Willis.     C,  C,    limits  a  free  circulation;  bi<,ii 
internal  carotids;    CA,    anterior  cerebral;    S,  S,  Sylvian    as  fiu-  as  the  skull  is  largeba 
arteries ;  V,  V,  vertebrals ;  B,  basilar ;  CP,  posterior  cere-    rigid  box,  it  was  at  one  tioK 
brals;  I,  2,  3,  3,  4,  4,  groups  of  nutrient  arteries.    The    taught  that,  as  tbe  brain  sab- 
dotted  line  shows  the  limit  of  the  ganglionic  area.  stance  and  its  fluids  vere  poe- 
tically incompressible,  it  vas  as- 
possible  to  alter  the  amount  of  blood  in  the  brain.    This  is  a  mistake.     Hie  amount  of  Uood 
undergoes  an  alteration  in  this  way,  that  when  more  blood  passes  in,  some  cerefaro-spinal  &t^ 
moves  out«  and  znce  versd,  so  that  there  is  an  intimate  relation  between  these  fluids.   Tbe  sinases 
form  reservoirs  for  blood,  and  have  much  to  do  with  the  adjustment  of  the  relative  quantities  d 
blood  in  the  cerebral  arteries  and  veins.    They  are  easily  filled,  and  more  easily  emptied,  to 
permit  of  more  arterial  blood  being  supplied  to  the  brain.     In  the  developing  skull,  tbe  ccfcbro- 
spinal  fluid  may  accumulate  in  large  amount  within  the  ventricles,  and  greatly  distend  bothtbe^ 
and  the  yielding  skull-case  from  internal  pressure,  as  in  acute  hydrocephalus.    Tbe  pecs'i- 
arities  and  independence  of  the  cortical  and  ganglionic  arteries  have  alreiUiy  been  relcned  ux 
Plugging  by  means  of  a  clot,  vegetation,  or  wart,  carried  from  the  heart,  is  cooamon  in  tbe  kn 
middle  cerebral  artery.    Why  ?    When  the  plug  is  washed  away  by  the  blood-stream,  owiig  ^ 
the  left  carotid  springing  from  the  aorta  nearly  in  line  with  the  blood-current,  the  ping  readilj 
passes  into  the  left  carotid  and  so  into  the  left  middle  cerebral  which  is  in  line  with  the  iotem 
carotid.     In  such  a  case  the  convolutions  and  parts  supplied  by  it  are  suddenly  depriftd  c 
blood,  with  immediate  and  serious  results.] 

[The  venous  circulation  is  peculiar.  The  sinuses  are  really  spaces  between  tbe  lajtn  cf 
the  tough  dura  mater,  and  partly  bounded  by  bone.  The  blood  moves  in  the  longitudinal  siBa» 
from  before  backwarids,  but  most  of  the  cortical  veins  open  into  it  in  a  forward  direction,  k 
that  their  stream  is  opposed  to  that  in  the  sinus.  Thus,  the  blood  which  enters  tbe  bnia  t? 
ascending  arteries  reaches  the  sinuses  by  ascending  veins,  the  reverse  of  what  obtains  elsevberc 
in  parts  where  ascending  veins  convey  blood  from  descending  arteries,  whereby  tbe  bydrorti^ 
pressure  and  gravity  aid  the  circulation,  but  here  gravitation  is  Ofxposed  to  the  flov  of  bloods 
the  cerebral  veins.    This  will  help  to  explain  the  occurrence  of  thrombosis  in  these  vessel 


Fig.  637. 
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Some  of  ih«  vans  on  the  suKace  comniaDicBle  wUh  inlniCTUiial  veins,  e^.,  ihow  of  Ihe  now, 
the  facial  rhrough  Ihe  ophthalmic,  mastoid  veint  and  veins  of  the  dipjoi.  Hence,  morbid 
pcocesses  affecting  the  scalp  (erysipelas),  ear  (caries),  or  face  (carboncle)  may  readily  aflect 

If  a  persoik  who  has  been  in  bed  for  a  ioi^  time,  and  whose  blood  is  small  in  amount,  be 
mddenly  raised  into  the  erect  position,  cerebral  anxmia  is  not  onfrequently  produced,  owing  to 
hydrostatic  causes.  At  the  same  time,  there  may  be  loss  of  consciousness  and  impairment  of 
the  senses.  Liebermeisler  regards  the  thyroid  gland  as  a  collateral  blood-reservoir  which 
empties  its  blood  towards  the  head  during  such  changes  of  the  position  of  the  body.  Perhaps 
this  may  explain  the  swelling  of  the  thyroid  as  a  compensatory  act,  when  the  heart  beats 
violently,  and  the  brain  is  surcharged  with  blood  {^  loj.  III,  and  371).  Very  violent  muscular 
exertion,  as  well  as  marked  activity  of  other  organs,  causes  a  very  considerable  fall  of  the 
blood,  pressure  in  the  carotid. 

PrcBBure  on  the  Brain. — The  brain  and  the  fluid  surroimding  it  are  constantly  subjected  to 
a  certain  mean  frtnure,  which  must  ultimately  depend  -upon  the  blood-pressure  within  the 
vascular  system.     The  investigations  of  Naunyn  and  Schrciber  on   the  cerebral  prasuri  (ot 


Fig.  638. 
Tnuisverse  section  of  the  cerebrum  behind  the  optic  chiasma.  Arteries  of  the  corpui  slriatum. 
C  A,  optic  chiasma;  B,  seclioo  of  optic  tract;  L,  lenticular  nucleus;  I,  internal  capsule; 
C,  caudate  nucleus ;  E,  external  capsule  ;  T,  dauslrum ;  R,  convolutions  of  the  island  cj' 
Rcil ;  V,  V,  section  of  Ihe  lateral  venuicles ;  P,  P,  pillars  of  the  fornix  ;  O,  gray  subsUnce 
of  the  third  ventricle.  Vascular  areas— I,  anterior  cerebral  artery;  II,  Sylvian  artery; 
III,  posterior  cerebral  artery;  i,  internal  carotid;  z.  Sylvian,  3,  anterior  cerebral  artery; 
4,  4,  lenliculo-striate  arteries ;  5,  5,  lenticular  arteries. 

cerebro-spiDal  pressure)  showed  that  the  pressure  must  be  slightly  less  than  the  pressBre 
within  the  carotid,  befijre  the  symptoms  proper  to  pressure  on  the  brain  occur.    These  are, 

sudden  attacks  of  headache,  with,  vertigo,  or  it  may  be  loss  of  consciousness,  vomiting,  slowing 
of  the  pulse,  slow  and  shallow  respiration,  convulsions — while  the  pressure  of  the  cerebro- 
s)Hnal  fluid  is  increased.  The  canse  of  these  phenomena  lies  in  the  anaemia  of  the  brain.  If 
Ihe  pressure  is  moderate,  the  above  named  symptoms  may  remain  latent;  nevenheless,  disturb- 
ances of  the  nutrition  of  the  brain  occur,  with  consecutive  phenomena,  such  as  persislenl  slight 
headache,  feeling  of  vertigo,  muscular  weakness,  and  disturbances  of  vision  (owing  to  neuro- 
retinitis  with  choked  disc).  Increase  of  the  bloiyl -pressure  diminishes  the  symptoms,  while 
diminiilion  of  the  blood-pressure  causes  more  pronounced  phenomena  of  cerebro. spinal  pressure. 
In  the  dog,  ^ttt'i)  begins  with  a  pressure  of  70  to  Su  mm.  Hg.  Consciountesi  is  aiolisAed  vhea 
the  pressure  is  higher,  and  at  So  to  loo  mm.  spasms  lake  place.  A  pressure  of  100  10  120  mm. 
causes  ilmaing  ef  Ihe  pulse,  ov\iig  to  slimulaiion  of  the  vagus  at  its  origin;  the  respirations 
are  temporarily  accelerated,  and  then  diminish.  Lr>ng-conlinued  severe  compression  always, 
sooner  or  later,  ends  fatally.  The  blood -pressure  at  first  is  increased,  owing  lo  reflex  stimula- 
tion of  the  vaso  motor  centre  from  the  pressure  stimulating  the  sensory  nerves ;  nitimaleiy,  the 
blood-pressnre  falls,  and  the  pulse  becomes  very  slow.  Irregular  varlatioos  in  the  blood- pressure 
point  10  a  direct  central  stimulation  of  the  vaso-motor  centre  by  pressure.     The  application  of 
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continued  slowly  increasing  pressure  compresses  the  brain  (Adamiiewicz).    At  the  level  of  the 
Cauda  equina  the  pressure  of  the  subarachnoid  fluid  =  7.5-12  mm.  Hg  in  the  dog  {Naunpt). 

38a.  COMPARATIVE— HISTORICAL. — Comparative.— Nerves  are  absent  in  the 
protozoa.  Neuro  muscular  celb  occur  in  the  coelenterata,  in  the  hydroida  and  medusae,  a»i 
they  are  the  first  indications  of  a  nervous  apparatus  (J  296).  The  umbrella  of  tbe  medusa  is 
covered  with  a  plexus  of  nerve-iibrils,  which  at  various  parts  along  its  margin  is  provided  with 
small  cellular  thickenings  corresponding  to  ganglia,  and  from  these  nerve- fibres  proceed  to  the 
sense  organs.  Many  of  the  worms  possess  a  nervous  ring  in  the  cephalic  portion,  and  in  tbose 
provided  with  an  intestine  a  single  or  double  nervous  cord,  in  the  form  of  a  ring,  sarroands  ^ 
pharynx.  Branches  (often  two)  pass  from  this  into  the  elongated  body,  and  usuallj  these  any 
ganglia  corresponding  to  each  rmg  of  the  body  of  the  animal.  In  the  leech,  only  one  ganglialed 
cord  is  present  In  the  echinodermata,  a  large  nerve-ring  surrounds  the  mouth ;  and  from  k 
large  nerves  proceed,  corresponding  to  the  chief  trunks  of  the  water- vascular  system.  At  tl» 
points  where  the  nerves  are  given  off.  the  nervous  ring  is  provided  with  the  so-called  "  ambulacnl 
brains."  The  arthropoda  are  provided  with  a  large  cephalic  ganglion  placed  above  the  pharynx, 
from  which  nerves  pass  to  the  sense  organs.  Another  ganglion  lies  on  the  under  surface  c^  the 
pharynx,  and  is  connected  with  the  former  by  commissures.  The  pharynx  is  thus  embraced  br 
a  gangliated  ring,  and  from  it  proceeds  the  abdominal  gangliated  double  chain,  along  the  veotral 
surface  of  the  body,  through  the  thorax  and  abdomen.  Sometimes  several  ganglia  unite  to  form 
a  large  compound  ganglion,  while,  in  other  cases,  each  segment  of  the  body  contains  its  ovu 
ganglia.  In  the  moUusca,  the  oesophageal  nervous  ring  is  present,  althoi^h  the  gangliootc 
masses  vary  much  in  position  within  it.  A  number  of  compound  ganglia  lie  scattered  in  difiemit 
parts  of  the  body,  and  are  united  by  nerves  to  the  former.  They  represent  the  sympathetic 
system.  In  the  cephalopoda,  the  oesophageal  ring  has  almost  no  commissure,  and  a  part  of 
the  ganglionic  matter  is  enclosed  in  a  cartilaginous  capsule,  and  is  o'ten  spoken  of  as  a  **  braiD." 
Additional  ganglia  are  found  in  the  mantle,  heart,  and  stomach.  In  vertebrates,  the  nerrcos 
system  invariably  lies  on  the  dorsal  aspect  of  the  body.  In  the  amphioxus,  there  is  no  separatke 
into  brain  and  spinal  cord.     (See  JJ  374  and  375.) 

Historical. — Alkmaon  (580  B.C.)  placed  the  seat  of  consciousness  in  the  brain;  Galen  (131- 
203  A.D.)  regarded  it  as  the  seat  of  the  impulses  for  voluntary  movements.  Aristotle  (3S4  B.C 
ascribed  the  relatively  largest  brain  to  man ;  he  stated  that  it  was  inexcitable  to  stimuli  (insen- 
sible). One  of  the  functions  he  ascribed  to  the  brain  was  to  cool  the  heat  ascending  from  tbe 
heart.  Herophilus  (300  B.c.)  gave  the  name  calamus  scriptorius ;  and  he  regarded  tbe  4ih  vcd- 
tricle  as  the  most  important  organ  for  the  maintenance  of  life.  Even  in  Homer  there  are  repeated 
references  to  the  dangers  of  injuries  of  the  neck.  Aretseus  and  Cassius  Felix  (97  A.D.)  were 
aware  of  the  fact  that  lesion  of  one  cerebral  hemisphere  caused  paralysis  on  the  opposite  side  of 
the  body.  Galen  was  acquainted  with  the  path  in  the  spinal  conl  connected  with  movemcut  tod 
sensation.  Vesalius  (1540)  described  the  five  ventricles  of  the  brain.  R.  Colombo  (1559) 
observed  the  movements  of  the  brain  isochronous  with  the  action  of  the  heart.  A  more  caretsl 
description  of  these  movements  was  given  by  Riolan  (1618).  Goiter  (1573)  discovered  that  as 
animal  can  live  after  removal  of  its  cerebrum.  About  the  middle  of  the  17th  century,  Wepfier 
discovered  the  hemorrhagic  nature  of  apoplexy.  Schneider  (1660)  estimated  the  weight  of  t^ 
brain  in  different  animals.  Mistichelli  (1709)  and  Petit  (1710)  described  the  decussation  of  tbe 
fibres  of  the  spinal  cord  below  the  pons.  Gall  discovered  the  partial  origin  of  the  optic  nertt 
from  the  anterior  pair  of  the  corpora  quadrigemina,  and  by  dissecting  the  brain  firom  below,  be 
attempted  to  trace  the  course  of  the  nerve-fibres  to  the  convolutions  (18 10).  Rolando  desmbed 
more  accurately  the  form  of  the  gray  matter  of  the  spinal  cord.  Caras  (1814)  disoorered  tk 
central  canal.  The  most  compendious  work  on  the  brain  was  written  by  Burdach  (1819-1836'- 
The  more  recent  observations. are  referred  to  in  the  text. 
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383.  INTRODUCTORY  OBSERVATIONS.— Requisite  Condi- 
tions. — The  sense  organs  have  the  function  of  transferring  to  the  sensorium 
innpressions  of  the  various  phenomena  of  the  external  world ;  they  are,  in  fact, 
the  intermediate  instruments  of  sensory  perceptions.  In  order  that  this  may 
occur,  the  following  conditions  must  be  fulfilled :  (i)  The  sense  organ,  pro- 
vided with  its  specific  end-organ,  must  be  anatomically  perfect,  and  capable 
of  acting  physiologically.  (2)  A  **  specific  stimulus"  must  be  present, 
which  under  normal  conditions  acts  upon  the  end-organ.  (3)  The  sense  organ 
must  be  connected  with  the  cerebrum  by  means  of  a  nerve,  and  the  conduction 
through  this  path  must  be  uninterrupted.  (4)  During  the  act  of  stimulation, 
the  psychical  activity  (attention)  must  be  directed  to  the  process,  and  then  the 
sensation  results,  e,  g.y  of  light  or  sound,  through  the  sense  organ.  (5) 
Lastly,  when,  by  a  psychical  act,  the  sensation  is  referred  to  the  external  cause, 
then  there  is  a  conscious  sensory  perception.  Often,  however,  this  relation  is 
completed  as  an  unconscious  conclusion,  as  it  is  essentially  a  deduction  from 
previous  experience. 

Stimuli. — With  regard  to  the  stimuli  which  are  applied  to  the  sensory  apparatus,  we  dis- 
tinguish :  (i)  Adequate  or  homologous  stimuli,  i.  ^.,  stimuli  for  whose  action  the  sense 
organs  are  specially  adapted,  such  as  the  rods  and  cones  of  the  retina  for  the  vibrations  of  the 
ether.  Thus,  each  sense  organ  has  a  specific  form  of  stimulus  best  adapted  to  act  upon  it.  This 
is  what  Johannes  Mttller  called  the  "law  of  specific  energy."  (2)  There  are  many  other 
forms  of  stimuli  (mechanical,  thermal,  chemical,  electrical,  internal  somatic)  which  act  upon  the 
sense  organs,  producing  the  flash  of  light  beheld  when  the  eye  is  struck ;  singing  in  the  ears 
when  there  is  congestion  of  the  head.  These  heterologous  stimuli  act  upon  the  nervous  ele- 
ments of  the  sensory  apparatus  along  their  entire  course,  from  the  end-organ  to  the  cortex  cerebri. 
The  homologous  stimuli,  on  the  other  hand,  act  only  on  the  end  organ,  1.  ^.,  light  has  no  effect 
whatever  upon  the  trunk  of  the  exposed  optic  nerve. 

Lriminal  Intensity. — Homologous  stimuli  act  upon  the  sensory  organs 
only  within  certain  limits  as  to  strength.  Very  feeble  stimuli  at  first  produce 
no  effect.  That  strength  of  stimulus  which  is -just  sufficient  to  cause  the  first 
trace  of  a  sensation  is  called  by  Fechner  the  ^' liminal  intensity"  of  the 
sensation.  As  the  strength  of  the  stimulus  increases,  so  also  do  the  sensations, 
but  the  sensations  increase  equally  when  the  strength  of  the  stimulus  increases 
in  relative  proportions.  Thus,  we  have  the  same  sensation  of  equal  increase 
of  light  when,  instead  of  10  candles,  11,  or  instead  of  100  candles,  no  are 
lighted — the  proportion  of  increase  in  both  cases  is  equal  to  one-tenth.  As  the 
logarithm  of  the  numbers  increases  in  an  equal  degree,  when  the  numbers 
increase  in  the  same  relative  proportion,  the  law  may  be  expressed  thus :  **The 
sensations  do  not  increase  with  the  absolute  strength  of  the  stimuli,  but  nearly 
as  the  logarithm  of  the  strength  of  the  stimulus."  This  is  Fechner^ s  **  psycho- 
physical law,"  but  its  accuracy  has  recently  been  challenged  by  E.  Hering. 
[It  holds  good  only  with  regard  to  stimuli  of  medium  strength.]  If  the  specific 
stimulus  be  too  intense,  it  gives  rise  to  peculiar  painful  sensations,  ^.  ^.,  a  feeling 
of  blindness  or  deafness,  as  the  case  may  be.  The  sense  organs  respond  to 
adequate  stimuli,  but  only  within  certain  limits  of  the  stimulus,  e,  g,^  the  ear 
responds  only  to  vibrating  bodies  emitting  a  certain  range  of  vibrations  per 
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second ;  the  retina  responds  only  to  the  vibrations  of  the  ether  between  red  and 
violet,  but  not  to  the  so-called  heat  vibrations  or  to  the  chemically  active 
vibrations. 

[It  was  Weber  who  worked  out  the  relation  between  the  intensity  of  stimuli  and  the  changes 
in  the  quantity  of  the  resulting  sensations.  He  used  the  method  of  "  least  obscnrable  differ- 
ences/' as  applied  to  sensations  of  pressure  and  the  measurements  of  lines  by  the  eye.  Hcncer 
it  is  called  Weber's  Law ;  but  Fechner  expanded  it  and  assumed  that  all  just  observable  dife- 
ences  are  equally  great,  and  so  the  law  is  sometimes  called  by  his  name.] 

[Fechner's  Law. — Expressed  in  another  way,  the  result  depends  on  (i) 
the  strength  of  the  stimulus,  and  (2)  the  degree  of  excitability.  Supposing 
the  latter  to  be  constant,  while  the  former  is  varied,  it  is  found  that  if  the 
stimulus  be  doubled,  tripled,  or  quadrupled,  the  sensation  increases  only  as  the 
logarithm  of  the  stimulus J\ 

[Suppose  the  stimulus  to  be  increased  10,  100,  or  1000  times,  then  the  sensation  increases 
only  as  i,  2,  or  5.  Just  as  there  is  a  lofwer  limit  of  excitation  liminal  intensity  (or  tkreskoidSyiti 
there  is  an  upper  limit  or  maximum  of  excitation  or  height  of  sensibility,  when  any  farther 
increase  produces  no  appreciable  increase  in  the  sensation.  Thus,  we  do  not  notice  any  dififf- 
ence  between  the  central  and  peripheral  portion  of  the  sun's  disc,  though  the  difference  of  light 
intensity  is  enormous  (Su/ty).  Between  these  two  is  the  ran^e  of  sensibility  (  Wundt\  Theie 
is  always  a  constant  ratio  oetween  the  strength  of  the  stimulus  and  the  intensity  of  the  sensa- 
tion. The  stronger  the  stimulus  already  appHed,  the  stronger  must  be  the  increase  of  the 
stimulus  in  order  to  cause  a  perceptible  increase  of  the  sensation  (Weber*s  \^vn).  The  neces- 
sary increment  is  proportional  to  the  intensity  of  the  stimulus,  and  it  varies  for  each  sense  otgaa. 
If  a  weight  of  10  grams  be  placed  in  the  hand,  it  is  found  that  3.3  grams  must  be  added  or 
removed  before  a  difference  in  the  sensation  is  perceptible ;  if  100  grams  are  held,  33.3  grams 
must  be  added  or  removed  to  obtain  a  perceptible  difference  in  the  sensation.  The  magnimde 
of  the  fraction  indicating  the  increment  of  stimulus  necessary  to  obtain  a  perceptible  diSereoce 
of  the  sensation,  is  spoken  of  as  the  constant  proportion  or  the  discriminative  sensibility. 
In  the  above  case  it  is  1:3.  The  following  table  gives  approximately  the  constant  propor- 
tion for  each  sense  : — 


Muscular  Sensation,         .     6  :  100.  y|| 
Visual  "  .     I   :  loa  ^\{\ 


Tactile  Sensation,    .        •     i  i  3-  >^ 

Thermal       '*  .         .     I  :  3.  >| 

Auditory      "  .        •     >  J  3-  K 

[The  application  of  the  law  to  temperature  sensations  is  beset  with  great  difficulties,  wlule 
for  taste  and  smell  we  do  not  know  that  it  is  really  applicable.  From  an  experimental  poiai 
of  view,  it  cannot  be  said  to  be  proved,  and  its  application  is  obviously  somewhat  lestricied  to 
certain  sensations,  and  to  these  only  within  a  certain  range.  It  certainly  does  not  bold  good 
for  sensations  of  pressure,  and  muscular  sense,  near  the  lower  limits  for  these  senses.  **  At 
best  it  is  only  an  approximately  correct  statement  of  what  holds  true  of  the  relative  intensity  of 
certain  sensations  of  light  and  hearing,  and  less  exactly  of  pressure  and  the  muacnlar  sease, 
when  these  sensations  are  of  moderate  strength  *'  (Za</</).] 

The  term  after-sensation  i$  applied  to  the  following  phenomenon,  viz., 
that,  as  a  rule,  the  sensation  lasts  longer  than  the  stimulus  producing  it ;  thus, 
there  is  an  after-sensation  after  pressure  is  applied  to  the  skin.  Subjective 
sensations  occur  when  stimuli  due  to  internal  somatic  causes  excite  the 
nervous  apparatus  of  the  sense  organ.  The  highest  degrees  of  these,  depend- 
ing mostly  upon  pathological  stimulation  of  the  sensory  cortical  centres,  are 
characterized  as  hallucinations,  e,g.y  when  a  delirious  person  imagines  be 
sees  figures  or  hears  sounds  which  have  no  objective  reality.  In  oppositioo  to 
this  condition  the  term  illusion  is  applied  to  modifications  by  the  sensc»iain 
of  sensations  actually  caused  by  external  objects,  e^, ,  when  the  rolling  of  t 
wagon  is  mistaken  for  thunder. 

In  a  new-bom  child  the  sense  of  touch  is  strongly  developed,  that  of  pain  slightly;  mncaltf 
sensations  are  undoubtedly  present,  while  smell  and  taste  are  frequently  confounded.  Aodibrf 
stimuli  are  heard  from  the  second  day  onwards,  the  stimulus  of  light  immediately  after  birth,  bat  t 
peirpheral  field  of  vision  does  not  yet  exist  iCuignet).  Towards  the  fourth  to  fifth  week,  the 
movements  of  convergence  and  acconunodation  are  noticeable,  while  after  four  months  cokn 
are  distinguished.  Tlie  various  stimuli  are  not  perceived  simultaneously — a  reflex  inbilitDrf 
centre  is  not  yet  developed  (Genzmer). 
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The  Visual  Apparatus— The  Eye. 

384.  HISTOLOGICAL  OBSERVATIONS.— In  the  following  re- 
marks it  is  assumed  that  the  student  is  familiar  with  the  anatomical  structure 
of  the  eye  : — 

The  cornea,  for  the  sake  of  simplicity,  is  r^arded  as  anirotmly  spherical,  although,  properly 
speaking,  it  diRers  slightly  from  ihis  form.  It  is  more  tike  a  vertical  section  of  1  somewhat 
oblate  ellipsoid,  which  we  must  suppose  to  be  (ornied  by  rotating  an  ellipse  around  its  long  axis. 
Il  is  nearly  of  uniform  tbickness  throughout,  only  in  the  inbnt  it  is  slightly  thicker  in  the  centre, 
and  in  the  adult  slightly  thinner. 

The  cornea  consists  of  the  folloiwing  layers  : — 

[i.  Anterior  stratified  epithelium.  4.  Posterior  elastic  lamina. 

I.  Anterior  elastic  lamina.  5.  Single  layer  of  epithelium.] 

3.  Substantia  propria. 
I.  The  anterior  epithelium,  stratified  and  nucleated,  consists  of  many 
layers  of  cells  (fig.  641,  a).    The  deepest  cells  are  more  or  less  columnar,  are 


Fig.  639.  Fig.  640. 

Fig.  639. — Cornea  of  the  frog  treated  with  chloride  of  gold,  showing  the  corneal  corpuscles 
stained,  and  a  few  nenre-hbrils.  Fig.  640. — Cornea  of  the  frog  treated  with  silver  nitrate ; 
Ibe    ground    substance  is  stained,  while   the  spaces   for  the   corneal  corpuscles   are  left 


arranged  side  by  side,  and  are  called  supporting  cells.  [Frequently  nuclei 
divided  by  mitosis  are  to  be  seen,  so  ihat  new  cells  are  produced  by  prolifera- 
tion of  the  deepest  cells.]  The  cells  of  the  middle  layers  are  more  arched, 
and  dip  with  finger-shaped  processes  into  corresponding  spaces  between  their 
neighbors.  The  most  superficial  cells  are  flat,  perfectly  smooth,  hard,  keratin- 
containing  squamous  epithelium  [and  in  many  respects  resemble  the  squames 
of  the  mouth]. 

a.  The  epithelial  layer  rests  upon  the  anterior  elastic  membrane  (Bow- 
man's elastic  lamina),  a  structureless,  clear,  basement-like  membrane  {b'). '  In 
man  it  is  about  10  p-  in  thickness,  but  its  thickness  varies  with  the  animal 
investigated. 
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3.  The  substantia  propria  of  the  cornea  consists  of  (chondrin-yiddiog) 
fibres  composed  of  delicate  fibrils  of  connective-tissue.  The  fibres  are ammged 
in  mat-like  thin  lamellae  (/),  more  or  less  united  together,  and  are  placed  in 
layers  over  each  other.  Towards  the  anterior  elastic  lamina,  the  fibres  bend 
round  and  perforate  (he  superficial  lamellae,  thus  serving  as  supporting  fibre. 
[These  perforating  fibres  are  comparable  to  Sharpey's  fibres  in  bone.]  Betwmi 
the  lamellae  are  a  series  of  inter-communicatiog  spaces  lined  with  endolheliua. 


Fig.  641. 
Anlero-posterioT  section  at  the  junction  of  the  comea  with  ihe  sclfrotic.  a,  anlerior  aww 
epithelium ;  i,  Bowmui's  lamina ;  c,  cotdcbI  corpuscles ;  /,  corneal  lamdbE  (the  '^ 
ibickness  lying  beiweee  i  atid  d  is  the  substantia  propria  cornete) ;  d,  Descmet'i  neo- 
brane;  c,  its  epithelium ;  /,  junction  of  cornea  with  the  sclerotic;  g,  limbos  conjimaiix: 
i,  conjunctiva ;  i,  canal  of  Schlemni ;  *,  Leber's  venous  pleius  (is  regarded  bj  L«bf  " 
belonging  to  i) ;  m,  tit,  meshes  Id'  the  tissue  of  the  lig.  iridis  peccinuum ;  n,  aitichmnt 
of  the  iris;  0,  longitudinal,  /,  circular  (divided  transversely)  bundles  ofliliRso''^ 
sclerotic;  ^,  perichorcndal  space ;  j,  meridional  [radiating], /,  equatorial  (circular)  toadla 
of  the  ciliary  muscle;  u,  transverse  section  of  a  ciliary  artery;  jj,  epithelium  of  ihei™  I* 
conlinuaiion  of  that  on  the  posterior  surface  of  the  cornea);  w,  substance  of  ibe  'tis: 
X,  pigment  of  the  iris;  i,  a  ciliary  process. 

These  spaces  are  really  lymph-spaces,  and  they  communicate  with  ibe  Infr 
phatics  of  the  conjunctiva.  The  fixed  corneal  corpuscles  lie  in  ih« 
spaces  ((■),  and  are  provided  with  numerous  processes,  which  anastotnwe  "■'' 
the  processes  of  corpuscles  lying  between  the  lamellje  above  and  below,  snd 
»n  either  side  of  them.     Kilhne  observed  that  stimulation  of  the  corneal  na«s 
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was  followed  by  contraction  of  these  cells  (§  aoi,  7),  while  KUhne  and  Wal- 
deyer  maintain  that  they  are  connected  with  the  corneal  nerve-fibrils.     • 

[The  corneal  corpuscles  are  looked  upon  as  branched  connective-tissue 
corpuscles  lying  in  and  not  quite  filling  the  branched  spaces  between  the 
latnellEc.  The  processes  anastomose  freely  with  similar  cells  in  the  same  plane, 
and  to  a  less  extent  with  the  processes  of  cells  in  planes  immediately  above  and 
below  them.  In  a  section  stained  with  gold  chloride,  they  present  the  appear- 
ance seen  in  fig.  639.  In  a  vertical  section  of  the  cornea  they  appear  fusiform 
and  parallel  to  the  free  surface  of  the  cornea  (fig.  641).  If  the  cornea  of  a 
frog  be  pencilled  with  silver,  cell-spaces  remain  clear,  as  in  fig.  640.  The  one 
fijfure  represents,  as  it  were,  the  nitrate,  the  cement-substance  between  the 
lamellae  is  blackened,  and  the  branched  positive,  and  the  other  the  negative 
image.]  Leucocytes  also  pass  into  these  lymph-spaces,  or  juice-canals.  The 
importance  of  these  leucocytes  in  inflammation  is  referred  to  in  §  300. 

[The  lunellfe  or  the  comea  in  the  Rayg  are  traversed  by  "  Butural  fibres  "  which  pass  at 
right  angle*  10  (he  plane  of  the  lamellx  from  the  anterior  elastic  lamina  to  De&cemet's  membrane 
(jPa(«i'i>r).] 

4.  The  transparent,  structureless,  posterior  elastic  membrane  {d),  the 
membrane  of  Descemet  or  Demours,  is  in  many  animals  fibrilJated,  and  shows 
evidence  of  stratification,  while  towards  the  margin  of  the  cornea  there  are 
occasionally  slight  conical  elevations.  This  membrane  is  very  tough  and  very 
resistant  (of  great  importance  in  inflammation).  If  it  be  removed,  it  rolls  tip 
towards  the  convex  side.  At  its  periphery  it  becomes  continuous  with  the 
fibro-elastic  reticulated  ligamcntum  pectinattim  iridis,  whose  trabeculie  are 
covered  by  epithelium. 

5.  The  posterior  single  layer  of  epithelium  consists  of  flat,  delicate, 
nucleated  cells  {i),  which  are  continued  from  the  margin  of  the  cornea  on  to 
the  anterior  surface  of  the  iris  (v).  Fine  juice-canals  exist  in  the  spaces  be- 
tween  the  individual  ce lb 

(^v.  Recklinghausen). 
These  spaces  communi- 
cate with  a  system  of  fine 
tubes  under  the  epithe-  j^ 
Hum,  perforate  Desce- 
met's  membrane,  and 
thus  communicate  with 
the  corneal  spaces. 

[Bowman's     tubes     are 

artificial  pioduclions,  formed 
by  forcing  air  or  a  colored  fluid 
tietween  Ihe  lameKx,  when  it 
passes  between  the  bundles  of 

fibrils, formioga  series  of  tubes       -    ,j^ 

with  dilatations  on  Ihem  and 

running  al  right  angles  to  one  8-  ^^■ 

another  belwecD  the  lameltx.]   Vertical   section  of  Ihe   comea  stained  with   gold  chloride,     n, 
_,  ,       ,  nene-fibriis;    a,  perforaiirg  branch;    r,  nucleus;/,  *,  inter- 

The  nerves  of  the  eplhelial  termiOHtion  of  fibrils;  j,  anterior  elastic  lamina. 
cornea,  which  are  de- 
rived from  the  long  and  short  ciliary  nerves  (S  347),  are  partly  sensory 
)□  function.  They  enter  the  cornea  at  its  margin  as  medullated  fibres,  but  the 
myelin  soon  disappears,  while  the  axial  cylinders  split  up  into  fibrils.  [The 
axial  cylinders  branch  and  form  a  plexus  between  the  lamellae,  especially  near 
the  anterior  surface,  the  fundamental  or  ground  plexus  (fig.  642,  ri). 
There  are  triangular  nuclei  at  the  nodal  points,  but  they  probably  belong  to 
the  sheath  of  flattened  cells  which  cover  the  larger  branches.     There  is  a  finer 
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and  denser  plexus  of  fibrils  immediately  under  the  anterior  epithelium,  sub- 
epithelial plexus,  which  is  derived  from  the  former,  the  fibrils  arising  in 
pencils  or  groups  (fig.  643).  Some  fibrils  perforate  the  anterior  elastic  lamina, 
rami-perforantes,  and  pass  between  the  anterior  epithelial  cells  to  form  the 
intraepithelial  network  (fig.  642,  ^,  /).  Some  observers  suppose  that  they 
terminate  in  free,  pointed,  or  bulbous  ends.  There  is  also  a  fine  plexus  of 
fibrils  in  the  posterior  layers  of  the  cornea,  near  Descemet*s  membrane.  It 
gives  off  numerous  fine  fibrils,  which  come  into  intimate,  if  not  direct,  ana- 
tomical relation  with  the  corneal  corpuscles.  The  trophic  fibres  of  the  coma 
(§  347)  ^re,  perhaps,  those  deeper  branches  which  are  connected  with  the 
corneal  corpuscles. 

[Method. — These  6bri]s  are  best  revealed  by  staining  a  cornea  with  chloride  of  gold,  wfaidi 
tinges  them  of  a  purplish  hue  after  exposure  to  light  (Cohnheim),  They  are  also  remdily  staiiKii 
by  methylene  blue.] 

Blood-vessels  occur  only  in  the  outer  margin  of  the  cornea  (fig.  645,  v), 
and  extend  2  mm.  over  the  cornea  above,  1.5  mm.  below,  and  i  mm.  lateially— 
the  most  external  capillaries  form  arched  loops,  and  thus  turn  on  themselves. 
The  cornea  is  nourished  from  the  blood-vessels  in  its  margin.  Opacities  of  the 
cornea  give  rise  to  many  forms  of  visual  defects. 

The  sclerotic  is  a  thick  fibrous  membrane,  composed  of,  /,  circular  (equa- 
torial) and,  o^  longitudinal  (meridional)  bundles  of  connective-tissue  woven 
together  (fig.  641).  The  spaces  between  the  bundles  contain  colorless  and 
pigmented  connective-tissue  corpuscles  and  also  leucocytes.  It  is  thickest  pos- 
teriorly, thinner  at  the  equator,  while  in  front  of  this  it  again  becomes  thicker, 
owing  to  the  insertion  of  the  tendons  of  the  straight  muscles  of  the  eyebalL  It 
contains  few  blood-vessels,  which  form  a  wide-meshed  capillary  plexus,  imme- 
diately under  its  deep  surface.  Other  vessels  form  an  arterial  ring  round  the 
entrance  of  the  optic  nerve.  It  rarely  is  quite  spherical ;  it  rather  resembles 
an  ellipsoid,  which  we  might  imagine  to  be  formed  by  the  rotation  of  an 
ellipse  around  its  short  axis  (short  eyes)  or  around  its  long  axis  (long  eyes . 
Above  and  below,  the  sclerotic  overlaps  like  a  fold  the  clear  margin  of  the 
cornea ;  hence,  when  the  cornea  is  viewed  from  before,  it  appears  transversdy 
elliptical ;  when  seen  from  behind,  it  appears  circular.  Following  the  margin 
of  the  cornea,  but  lying  still  within  the  substance  of  the  sclerotic,  is  the  circu- 
lar canal  of  Schlemm  (/'),  which  communicates  with  other  anastomosing 
veins,  the  venous  plexus  of  Leber  {k),  Schwalbe  and  Waldeyer  regard  Schlemm's 
canal  as  a  lymphatic.  Posteriorly,  the  sclerotic  becomes  continuous  with  the 
fibrous  covering  of  the  optic  nerve  derived  from  the  dura  mater.  The  sclerotic 
is  provided  with  nerves,  which  are  said  to  terminate  in  the  cells  of  the  sdenl 
substance  (^Helfreich), 

The  tunica  uvea,  or  the  uveal  tract,  is  composed  of  the  choroid,  the  ciliary 
part  of  the  choroid,  and  the  iris. 

The  choroid  is  composed  of  the  following  layers  (fig.  644)  :  (i)  Most  in- 
ternally is  the  transparent  limiting  membrane,  0.7  ;u  in  thickness,  but  it  is 
slightly  thicker  anteriorly.  (2)  The  very  vascular  capillary  network  of  the 
chorio-capillaris,  or  membrane  of  Ruysch,  embedded  in  a  homogeneots 
layer.  Then  follows — (3)  a  layer  of  a  thick  elastic  net^vork,  covered  on  both 
surfaces  by  endothelium  {SattUr),  (4)  The  choroid  proper  consists  of  a  law 
with  pigmented  connective-tissue  corpuscles,  together  with  a  thick  elastic  net- 
work, containing  the  numerous  venous  vessels  as  well  as  the  arteries.  The  pig- 
mented layers  are  known  as  the  supra-choroidea,  or  lamina  fusca,  which 
surrounds  the  large  lymphatic  space  lined  with  endothelium  and  called  the 
perichoroidal  space,  q.  In  new-bom  infants,  which,  according  to  Ari^otle, 
have  the  iris  dark  blue,  the  uveal  tissue  is  devoid  of  pigment ;  in  brunettes  it 
is  developed  later,  and  in  blondes  not  at  all. 
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In  the  ciliaiy  part  of  the  choroid,  the  pigmented  connective-tissue  cor- 
puscles are  not  so  numerous.  The  ciliary  muscle  (tensor  choroidcEe,  or 
muscle  of  accommodation)  is  placed  in  this  region.  It  arises  (j)  by  means  of 
a  branched,  reticulated,  connective -tissue  origin,  from  the  inner  side  of  the 
junction  of  the  cornea  and  sclerotic,  near  the  canal  of  Schlemm,  and  passes 
backwards  to  be  inserted  into  the  choroid.  This  constitutes  the  radiating 
fibres.  Other  fibres  lying  internal  to  these  are  arranged  circularly,  /,  in  bun- 
dles in  the  ciliary  margin.  These  circular  fibres  are  sometimes  called  Heinrich  ^ 
Muller's  muscle.  The  muscle  consists  of  smooth  muscular  fibres,  and  is  sup- 
plied by  the  oculomotorius  (§  345,  3). 

The  iris  consists  of  the  following  parts  from  before  backwards  :  a  layer  of 
epithelial  cells  (v)  continuous  with  those  covering  the  posterior  surface  of  the 
cornea,  a  layer  of  reticulated  connective- tissue,  the  layer  of  blood-vessels,  and 
lastly  a  posterior  limiting  membrane,  which  contains  the  pigmentary  epithe- 
lium {x)  {Michel^  In  brunettes,  the  texture  of  the  iris  contains  pigmented 
connective- tissue  corpuscles.     The  iris  in  some  animals  is  described  as  contain- 


Fig.  643.  Fig.  644. 

Fig- ^3— Nerve-plenuB  in  Ihe  cornea  mfter  gold  chloride.  «,  nerve;  n,  libriU.  Fig.  644.— Ver- 
tical section  of  ihe  cbomid  and  a  part  of  the  sclerolic.  (l)  sclerotic;  (z)  lamina  supra- 
Cboroidea;  (3)  layer  of  larRe  vessels  ;  (4)  limiting  layer;  (S)  chorio-capillarisi  (6)  hyaline 
membrane;  (7)  pigment  epithelium  ;  (^)  large  blood-vesselii  (/)  pigment  cells;  (c)  sections 
of  capillaries. 

ing  two  muscles  composed  of  smooth  muscular  fibres— one  set  constituting  the 
sphincter  pupills  (circular — fig.  660),  which  surrounds  the  pupil,  and  lies 
nearer  the  posterior  than  the  anterior  surface  of  the  iris  (§  392).  Its  nerve  of 
supply  is  derived  from  the  oculomotorius  (§  345,  a).  The  other  fibres  consti- 
tute the  dilator  pupills  (radiating),  which  consists  of  a  thinner  layer  of  fibres 
arranged  in  a  radiate  manner.  Some  of  the  fibres  reach  to  the  margin  of  the 
pupil  while  others  bend  into  the  sphincter.  [The  existence  of  a  dilator  pupillse 
in  man  is  denied  (§  39a).]  At  the  outer  margin  of  the  iris,  the  radial  bundles 
are  arranged  in  anastomosing  arches,  and  form  a  circular  muscular  layer 
(^Merkel').  The  chief  nerve  of  supply  for  (he  dilator  fibres  is  the  sympathetic 
(§  347'  3)-  Ganglia  occur  in  the  ciliary  nerves  in  the  choroid  [and  they  are 
found  also  in  the  iris].     Gerlach  has  recently  applied  the  term  ligamentum 
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annulare  buii>i  tQ  that  complex  fibrous  arrangement  which  surrounds  the  iris, 
and  at  the  same  time  forms  the  point  of  union  of  the  ciliary  body,  iris, 
ciliary  muscle,  sinus  venosus  iridis,  and  the  line  of  junction  of  the  cornea  and 
sclerotic. 

The  choroidal  vessels  are  of  great  importance  in  connection  with  the  nutri- 
tion of  the  eye.  According  to  Lebei, 
they  are  arranged  as  follows:  The 
arteries  are — i.  The  short  poste- 
rior ciliary,  which  are  about  twenty 
in  number,  and  perforate  the  sclerotic 
near  the  optic  nerve  (fig,  645,  a,  a). 
They  tetminate  in  the  vascular  net- 
*  work  of  the  chorio-capillaris  («t), 
which  reaches  as  far  as  the  ora  scnati. 
3.  The  long  posterior  ciliary;  one 
of  these  lies  on  the  nasal  and  the  othn 
on  the  temporal  side,  and  they  niu  it) 
to  the  ciliary  part  of  the  choroid, 
where  they  divide  dichotomously,  and 
penetrate  into  the  iris,  where  the>' 
help  lo  form  the  circulus  anerions 
iridis  major  (p).  3.  The  anterior 
ciliary  (c),  which  arise  from  the  mus- 
cular branches,  perforate  the  sclerotic 
anteriorly,  and  give  branches  to  the 
ciliary  part  of  the  choroid  and  to  the 
iris.  About  twelve  branches  nm 
backwards  (f )  from  them  to  the  chorio- 
capillaris. 

Veins  of  the  Choroid.— i.  The 
anterior  ciliary  veins  (f)  receire 
the  blood  from  the  anterior  part  of  the 
uvea  and  carry  it  outwards.  These 
branchesareconnectedwithSchlemm's 

TV  ,  X.    J'^       \     ex.  ,v    .  canal    and     Leber's    venous    plexus. 

Ducram  of  Ihe  blood-vesaels  of  the  eye  (hon-  tl       j ..  _     ui      j  c 

z^milview;  vdn.  black,  .nmes  li^ht  with  They  do   not   receive  any  blood  from 

»  double  conlour).     a.  a,  short  poblerior  cili-  the  iriS.       2.   The  venOUS    plcxUS  of 

»rj;  *,  long  posterior  ciliary;  (■,<■',  anterior  the  ciUary  processcs  (r)  receives  ibe 
dli«ry  attety  and  vein;  (/.(^'.arteT  and  vein  blood  from  the  iris  (y),  and  pi3e 
of  the  conjunctiva;  ^,f.  central  artei7  and  backwards  to  the  choroidal  veins.  3. 
::^::rZlA'^-:^lf.'X:^^  The  urge  yasa  vorticosa  (A)  per- 
Tein;  .',  posterior  short  ciliary  vein  confined  'orate  the  Sclerotic  behind  the  equator 
to  the  sclerotic;  i,  branch  of  the  posterior   of  the  bulb. 

short  ciliary  artery  lo  Ihe  optic  nerve;  /.  ansa-  The  inner  margin  of  the  iris  resB 
tomosisof  the  choroidal  vessels  with  those  of  up^n  (he  anterior  surface  of  the  lens; 
^nrN!',:™''eU.r;;^;tA  th^  posterior  chamber  U  small  in 
great  cirailar  artery  of  iris  (iransverw  sec-  adults,  and  in  the  new-born  child  il 
,tion);  y,  blood-vessels  of  the  iris;  r,  ciliary  may  be  said  scarcely  I o  exist — itisso 
process;  j,  branch  of  a  vorticose  vein  from  small.  When  Berlin  blue  is  injected 
the  ciliary  muscle;  /,  branch  of  the  anterior  j^tg  ,1,^  gnjerior  chamber  of  the  t\t. 
ciliary  vein  to  the  ciliary  muscle:  «,  circular    ..  ,,  .    .      ,,         _,_;„ 

vein;\,,  marginal  loo^  of  ve^h  on  the  >t  generally  pa^es  into  the  antenor 
cornea;  n,  anterior  artery  and  vein  of  the  ciliary  veins  {Sehwalie}.  Even  m 
conjunctiva.  living  animals,  carmine  also  behave 

in  a  similar  manner  (/^(irraM);  hence 
these  observers  conclude  that  there  is  a  direct  communication  between  ibe 
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veins  and  the  aqueous  chamber,  as  these  substances  do  not  diffuse  through 
membranes. 

Internal  to  the  choroid  lies  the  single  layer  of  hexagonal  cells  (0.0135  ^^ 
0.02  mm.  in  breadth)  filled  with  crystalline  pigment.  This  layer  really  belongs 
to  the  retina.  It  consists  of  a  single  layer  of  cells  as  far  as  the  ora  serrata — 
it  is  continued  on  to  the  ciliary  processes  knd  the  posterior  surface  of  the  iris, 
where  it  forms  several  layers  (fig.  641,  x).  In  albinos  it  is  devoid  of  pigment ; 
on  the  other  hand,  the  uppermost  cells,  which  lie  on  the  ridges  of  the  ciliary 
processes,  are  always  devoid  of  pigment  [The  processes  of  these  cells  vary  in 
length  with  the  kind  of  light  acting  on  the  retina  (§  398).] 

The  retina  externally  is  in  contact  with  the  layer  of  hexagonal  pigment-cells 
(-P/*),  which  in  its  development  and  functions  really  belongs  to  the  retina.  The 
cells  are  not  flat,  but  they  send  pigmented  processes  into  the  space  between  the 
ends  of  the  rods.  [Du  Bois  states  that  the  processes  are  continuous  with  the 
cones.]  In  some  animals  (rabbit)  the  cells  contain  fatty  granules  and  other 
substances  (p.  941).     The  cells  are  larger  and  darker  at  the  ora  serrata  {Kilhne). 

The  retina  is  composed  of  the  following  layers,  proceeding  from  without 
inwards: — 


[i.  Layer  of  pigment-cells. 

2.  Rods  and  cones. 

3.  External  limiting  membrane, 

4.  Outer  nuclear  layer. 

5.  Outer  molecular  (granular  re- 

ticular or  intemuclear  layer). 

6.  Inner  nuclear  layer. 


7.  Inner  molecular  (granular  or 

reticular)  layer, 

8.  Layer  of  nerve-cells  (gangli- 

onic) layer. 

9.  Layer  of  nerve-fibres. 

I  o .  Internal  limiting  membrane,  ] 


I.  The  hexagonal  pigment-cells  already  described.  2.  The  layer  of 
rods  and  cones  (JSt)  or  neuro-epithelium  of  Schwalbe  [bacillary  layer,  or 
the  visual  cells,  or  visual  epithelium  of  Kilhne]  (fig.  647).  These  lie  externally 
next  the  choroid,  but  they  are  absent  at  the  entrance  of  the  optic  nerve.  Then 
follows  the  external  limiting  membrane  {Le),  which  is  perforated  by  the 
bases  of  the  rods  and  cones.  3.  The  external  nuclear  layer  (^du,K)  ;  this 
and  all  the  succeeding  layers  are  called  **  brain -layers  **  by  Schwalbe.  4.  The 
external  granular  (du,gr),  or  inter-nuclear  layer,  which  is  perforated  by  the 
fibres  which  proceed  inwards  from  the  nuclei  of  3  to  reach  5,  the  nuclei  of  the 
internal  nuclear  layer  (JnK).  The  nuclei  of  this  layer,  which  are  con- 
nected by  fibres  with  the  rods  an»d  cones,  are  marked  by  transverse  lines  in  the 
macula  lutea  {Krause,  Denissenko),  [The  so-called  nuclei  of  the  internal  nu- 
clear layer  are  not  all  of  the  same  nature.  The  innermost  layer  consists  of 
branched  multipolar  nerve-cells,  so-called  **  spongio-blasts,"  and  from  many, 
but  not  all  of  them,  an  axis-cylinder  process  proceeds  to  the  optic  nerve-fibre 
layer.  The  other  nuclei  chiefly  belong  to  bipolar  nerve-cells,  which  send  off  a 
central  process  which  breaks  up  into  fine  branches  in  the  internal  reticular 
layer,  while  a  peripheral  process  breaks  up  in  the  external  reticular  layer.  These 
are  also  the  nuclei  of  the  radiating  fibres  of  Miiller.]  6.  The  finely  granular 
internal  granular  layer  {in,gr),  [called  also  neuro-spongium]  through  which 
the  fibres  proceeding  from  the  inner  nuclear  layer  cannot  be  traced.  It  would 
seem  as  if  these  fibres  break  up  into  the  finest  fibrils,  into  which  also  the 
branched  processes  of  the  ganglionic  cells  of  7,  the  ganglionic  layer,  extend. 
[The  cells  are  nervous  ganglionic  cells,  arranged  in  a  single  layer,  and  they  con- 
tain no  pigment.  Each  cell  gives  off  centrally  an  unbranched  axis-cylinder 
process  which  becomes  continuous  with  a  fibre  of  the  optic  nerve,  and  several 
branched  protoplasmic  processes  which  run  peripherally  and  form  numerous 
branches  in  the  inner  reticular  layer.     According  to  v.  Vintschgau,  the  pro- 
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cesses  of  the  ganglionic  cells  are  connected  with  the  fibres.  8.  The  Den,  ot 
fibrous  layer,  consists  of  the  fibres  of  the  Optic  nerve  (o)  and  most  inler- 
nally  is  the  internal  limiting  membrane  (Z/).  The  fibres  of  the  optic 
nerve  are  devoid  of  myelin  and  arranged  in  bundles  which  radiate  from  the 
entrance  of  the  optic  nerve  toward  the  ora  serrata].  According  to  W.  Kiust, 
there  are  400,000  broad,  and  as  many  narrow,  optic  fibres,  so  that  for  noj 
fibre  there  are  7  cones,  about  100  rods,  and  7  pigment -cells.  The  optic  fibres 
are  absent  from  the  macula  lutea,  where,  how- 
ever, there  are  numerous  ganglionic  cells.  Be- 
tween the  two  homogeneous  limiting  membranes 


Fig.  646.  Fig.  647. 

Fig.  646. — Vertical  seclion  of  humaa  retina,  a,  rods  and  cones  ;  i,tiL,  uid/,  iDLliniLminb.: 
f,  exl,,  and y^  int.  nucl.  layers  ;  f,  eu.,  and  f,  int.  gran,  layers  ;  i,  blood-Tcssel  lod  atft- 
cells;  1,  nerve-fibres.  Fig.  647. — Layers  o?  the  retina.  Pi,  hexagonal  pi£mcnl<elli;  ^- 
rods  and  cones;  Le,  exl.  limiting  membrane;  da.fT,  ext.  noclear  layer;  Jii^,  eit.  pu» 
lar  layer;  I'nA',  int.  nuclear;  I'n.^,  int.  granular;  ^f/,  ganglionic  □are-celis ;  i.  Eln>  °l 
optic  nerve;  Zi,  int.  limit,  membrane  ;  .^^i,  fibres  of  Milller ;  ^onclei;  Sg,  spicts  fa  lif 
nervous  elements. 

(£e  and  Zf)  lies  the  connective-tissue  substance  of  the  retina.  Iicod- 
tains  the  perforating  fibres,  or  Muller's  fibres,  which  run  in  a  radiate  mu- 
ner  between  the  two  membranes,  and  hold  the  various  layers  of  the  reti« 
together.  They  begin  by  a  wing-shaped  expansion  at  the  internal  limiti"? 
membrane  {J?i),  and  in  their  course  outwards  contain  nuclei  (*).  The;'  Mt 
absent  at  the  yellow  spot.  The  supporting  tissue  forms  a  network  in  ill  llx 
layers,  holes  being  left  for  the  nervous  portions  {Sg).  The  inner  segments  of 
the  rods  and  cones  are  also  surrounded  by  a  sustentacular  substance.    As  the 


Sec.  384.] 


STRUCTURE   OF   THE    KETINA. 


941 


retina  passes  forward  to  the  ora  serrata,  it  becomes  thinner  and  thinner,  gradu* 
ally  becoming  richer  in  connective-tissue  elements  and  poorer  in  nerve  elements, 
until,  in  the  ciliary  part,  only  the  cylindrical  cells  remain  (fig.  646). 

[Ranvier  divides  the  layers  of  the  retina  mto  an  inoer  or  cerebral  part  in  which  the  blood- 
vnteli  >re  distributed,  and  an  outer  layer — nenro-epithelial — which  contain!  do  blood-Tesseb. 
The  roUowing  claasiGcation  shows  the  difference; — 

Table  of  the  Layers  of  the  Retina. 


Aflrr  Ranvirr. 

I.  Neuro-cpitbelial  part. 

PigmcDtaiT  layer. 

Rods  aod  cones. 

External  limiting  membrane. 

Bodies  of  the  visual  cells,  i.t., 

rodi  and  cones. 
Basal  plexus.  1 
Basal  cells.    / 

II.  Cerebral  part. 

Layer  of  unipolar  ncnre.cclls. ') 
Layer  of  tripolar  nerve-cells.   J 
Cerebral  plexus. 
Multipolar  nerve-cells. 
Fibres  of  the  optic  nerve. 
Internal  limitii^  membrane. 


ClaisieaJ  Clastifiealitm. 

I^gmenlaiy  layer, 
^cob's  membrane. 
External  limiting  membrane. 
External  nuclear  layer. 
Eitemal  gtannlar  layer. 

Internal  nuclear  layer. 
Internal  granular  layer. 
Mnlti  polar  nerve.cells. 
Fibres  of  the  optic  nerve. 
Internal  limiUng  membrane.] 


Fig.  648. 
Section  of  the  fovea  centralis,     a,  cones ;  b  and  g,  int.  and  eit.  limit,  memb. ;   c,  ext.,  and 

^,  nuclear  layer;  rf,  fibres;/,  nerve-cells. 

[Hacula  Lutea  and  Fovea  Centralis. — There  are  no  rods  in  the  fovea, 
cones  only  are  present,  and  they  are  longer  and  narrower  than  in  the  other  parts 
of  the  retina  (fig.  648).  The  other  layers  also  are  thinner,  especially  at  the 
macula  lutea,  but  they  become  thicker  towards  the  margins  of  the  fovea,  where 
the  ganglionic  layer  consists  of  several  rows  of  bipolar  cells.  The  yellow  tint 
is  due  to  pigment  lying  between  the  layers  composing  the  yellow  spot.] 

The  blood-vessels  of  the  retina  lie  in  the  inntr  layers  near  the  inner 
granular  layer.  Only  near  the  entrance  of  the  optic  nerve  are  they  connected 
by  fine  branches  with  the  choroidal  vessels ;  they  are  surrounded  by  perivascu- 
lar lymph-spaces.  The  greatest  number  of  capillaries  run  in  the  layers  external 
to  the  inner  granular  layer  {Hesse).  The  fovea  centralis  is  devoid  of  blood- 
vessels {NeltUship,  Becker).  Except  in  mammals,  the  eel  {Denissenko),  and 
some  tortoises  (ZT.  J^//;r),  the  retina  receives  no  blood-vessels.  Destruction 
of  the  retina  is  followed  by  blindness. 
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[Retinal  Epithelium. — The  single  layer  of  pigmentary  cells  containing 
granules  of  a  kind  of  melanin  sends  processes  downwards,  like  the  hairs  of  a 
brush,  between  the  rods  and  cones  (§  398).  Ktihne  has  shown  that  the  nature 
and  amount  of  light  influence  the  condition  of  these  processes  (fig.  693).  The 
protoplasm  of  these  cells  in  a  frog  kept  for  several  hours  in  the  dark  is  retracted, 
and  the  pigment-granules  lie  chiefly  in  the  body  of  the  cell  and  in  the  pro- 
cesses near  the  ceil.  In  a  frog  kept  in  bright  daylight,  the  processes  loaded 
with  pigment  penetrate  downwards  between  the  rods  and  cones  as  fiu*  as  the 
external  limiting  membrane. 

[The  black  variety  of  melanin  found  in  the  hexagonal  cells  of  the  retina  is  called  fosdn. 
The  outer  part  of  each  cell  consists  of  neuro-keratin,  but  the.  inner  pMut  b  loaded  with  grumks 
of  fuscin,  and  the  cell* protoplasm  exhibits  movements  )ike  those  of  protoplasm  under  the  infio- 
ence  of  light  It  is  a  nitrogenous  pigment,  but  it  is  doubtful  if  it  contains  iron,  and  even  if  it  is 
derived  from  haemoglobin]. 

[Tapetum. — In  the  eye  of  the  cat  and  dog  a  glancing  iridescent  appeannce 
is  seen  in  the  retina.  This  is  the  tapetum,  which  is  due  to  many  of  the  retinal 
epithelial  cells  containing  no  fuscin.  They,  however,  contain  ^ne  transparent 
crystals.  In  some  fishes  crystals  of  guanin  occur,  while  the  iridescent  appear- 
ance of  the  tapetum  in  the  eye  of  the  ox  and  sheep  is  due  to  fibrous  tissue.] 

[Each  rod  and  cone  consists  of  an  outer  and  an  inner  segment.  During 
life,  the  outer  segments  of  the  rods  contain  a  reddish  pigment  or  the  visual 
purple  {Boil),  Each  rod  is  60  ix  long  and  2  /*  broad.  The  outer  segment  of 
each  rod  is  doubly  refractive  and  tends  to  split  up  into  transverse  discs.  It  is 
narrower  than  the  inner  segment  and  is  stained  black  by  osmic  acid.  The  inner 
finely  granular  segment  is  stained  by  carmine  and  often  presents  a  striated  ap- 
pearance. At  its  outer  part  it  contains  an  elliptical  fibrous  apparatus.  The 
nucleus  in  the  body  of  each  rod  lying  in  the  external  nuclear  layer  is  marked 
by  two  or  three  transverse  bands.  The  outer  segment  of  the  cones  is  shorter 
and  more  conical  than  that  of  the  rods,  while  the  inner  segment  b  thick  and 
bulging.  The  outer  segment  of  each  rod  and  cone  consists  externally  of  a 
membrane  composed  of  neuro-keratin,  containing  a  substance  described  1^ 
Kilhne  as  myeloidin,  which  is  the  substance  stained  black  by  osmic  acid,  and  it 
is  perhaps  a  compound  of  lecithin  and  a  globulin.] 

Visual  purple  [or  rhodopsin]  may  be  preserved  by  keeping  the  eye  in 
darkness ;  but  it  is  soon  bleached  by  daylight,  while  it  is  again  restored  when 
the  eye  is  placed  in  darkness.  It  can  be  extracted  from  the  retina  by  means  of 
a  2.5  per  cent,  solution  of  the  bile  acids,  especially  from  eyes  that  have  been 
kept  in  10  per  cent,  solution  of  common  salt  {Ayres),  The  rods  are  0.04  to  006 
mm.  high  and  0.0016  to  0.0018  mm.  broad,  and  exhibit  longitudinal  striatioo, 
produced  by  the  presence  of  fine  grooves ;  a  fine  fibril  runs  in  their  interior 
\Ritter),  The  external  segment  occasionally  cleaves  transversely  into  a  number 
of  fine  transparent  discs.  [It  is  a  very  resistant  structure,  and  in  this  respect 
resembles  neuro-keratin.]  Krause  found  an  ellipsoidal  body,  the  *'  rod 
ellipsoid,"  at  the  junction  at  the  inner  and  outer  segments  of  the  rods.  Tlie 
cones  are  devoid  of  visual  purple,  but  their  outer  segment  is  striated  longitudin- 
ally, and  it  also  readily  breaks  across  into  thin  discs.  Only  cones  are  (Htsent 
in  the  macula  lutea.  In  the  neighborhood  of  the  yellow  spot,  each  coneissor- 
rounded  by  a  ring  of  rods.  The  cones  become  less  numerous  towards  the 
periphery  of  the  retina.  In  nocturnal  animals,  such  as  the  owl  and  bat,  tbeie 
are  either  no  cones  or  imperfect  ones.  The  retinae  of  birds  contain  many  cooes, 
that  of  the  tortoise  only  cones.  The  rods  and  cones  rest  on  the  sieve-like  per- 
forated external  limiting  membrane  {Le),  Both  send  processes  through  ti^ 
membrane,  the  cones  to  the  larger  and  higher-placed  nuclei,  the  rods  to  the 
nuclei,  with  transverse  markings  in  the  external  nuclear  layer*     [The  cones  arc 


Sec.  384.]  THE  LENS.  943 

particularly  large  in  some  fishes,  e.g.,  the  cod,  while  the  skate  has  no  cones,  but 
only  rods.  The  same  is  the  case  in  the  shark  and  sturgeon,  hedgehog,  bat,  and 
mole.] 

[Distribution  and  RcKeneraiion  of  RhodopsJn. — Keep  ■  rabbit  Id  the  dark  for  some 
time,  kill  it,  remove  lis  eyeball,  and  examine  its  retina  hj  the  aid  of  moaocbromatic  (sodium) 
ligbt.  The  retina  wilt  be  pnrple-Tcd  \a  color,  all  except  the  macala  lutea  and  a  small  pan  at  Ihe 
Ora  lerrala.  The  pigment  ii  confined  to  the  euttr  stgmmltof  tht  rodt.  It  is  alisenl  in  pigeon*, 
heni,  and  one  bat,  aTthongh  the  last  has  only  rods.  It  is  found  both  in  nocluraal  and  diurnal 
animals.  Its  color  is  quickly  bleached  by  light,  and  it  fades  rapidly  at  a  temperature  of  50°  to 
76°  C,  while  trypsin,  ilam,  and  ammonia  do  not  affect  it.  It  Is  restored  in  the  retina  t^  the 
action  of  Ihe  retinal  epiiheliiim.  If  the  retinal  epithelium  or  choroid  be  lifted  off  from  an  excised 
eye  exposed  to  light,  the  purple  is  destroyed ;  but  if  the  eye  be  placed  in  darkness  and  the 
retinal  etnlheliam  replaced,  the  color  is  restored,] 

Chemistry  of  the  Retina. — The  reaction  of  the  retina,  when  quite  fresh, 
is  acid,  and  becomes  alkaline  in  darkness.  The  rods  and  cones  contain  albumin, 
neurokeratin,  nuctein,  and  in  the  cones  are  the  pigmented  oil-globules,  ihe  so- 
called  "  chromophanes. "  The  other  layers  contain  the  constituents  of  the 
gray  matter  of  the  brain. 

[Chromophanea,  the  Pigments  of  the  Cones. — There  ia  no  coloring  matter  in  the  outer 
segment  of  the  cones,  but  in  tishes,  reptiles,  and  birds  the  inner  segment  contains  a  globular  or 
colored  body,  often  red  and  yellow,  Ihe  pigment  being  held  in  solution  by  a  fatty  body.  KUhne 
has  separated  a  green  (chlorophane),  a  yellow  (lanthophane),  and  a  red  (rhodopbane)  pig- 
ment.    They  all  give  a  blue  with  iodine,  and  are  bleached  by  light  {Schvalbt)^ 

The  crystalline  lens  is  enclosed  in  a  transparent  capsule,  thicker  anteri- 
orly than  posteriorly,  and  it  is  covered  on  the  inner  surface  of  the  anterior  wall 
by  a  layer  of  low  epithelium.  Towards  the  margin 
of  the  lens,  these  cells  elongate  into  nucleated 
fibres,  which  all  bend  round  the  margin  of  the  lens, 
and  on  both  sides  of  the  lens  abut  with  their  ends 
against  each  of  the  triradiate  figures.  The  lens 
fibres  contain  globulin  enclosed  in  a  kind  of  mem- 
brane. Owing  to  mutual  pressure,  Ihey  arc  hexa- 
gonal when  seen  in  transverse  section  (fig.  649, 
2),  while  in  many  animals,  especially  fishes,  their 
margins  are  serrated,  and  the  teeth  dovetail  into 
each  other.  For  the  sake  of  simplicity,  we  may 
regard  the  lens  as  a  biconvex  body  witli  spherical 
surfaces,  the  posterior  surface  being  more  curved. 
As  a  matter  of  Ikct,  the  anterior  part  is  part  of  an 
ellipsoid  formed  by  rotation  on  its  short  axis. 
The  posterior  surface  resembles  the  section  of  a 
paraboloid,  (.#.,we  might  regard  it  as  formed  by 
the  rotation  of  a  parabola  on  its  axis  (Briicke). 
The  outer  layers  of  the  lens  have  less  refractive  '*■   ""' 

power  .h.n  the  „o,e  intend  l.,e„  Thecen.ral  ' '  J^lS^l.*',,';:'^  sST 
part  of  the  lens  or  nucleus  is,  at  the  same  time, 

firmer,  and  more  convex  than  theentire  lens.  The  margin  of  the  lens  is  always 
separated  from  the  ciliary  processes  by  an  intermediate  space. 

[Chemistry  of  the  Lens. — The  lens  contains  about  two-thirds  of  its  weight 
of  water  (63.50  per  cent.),  while  its  chief  solid  is  a  globulin,  called  by  Berzelius 
crystallin  (34.6  per  cent.),  salts,  cholesterin,  and  fats.  Albumin  is  said  to  be 
absent,  but  it  is  present  in  the  ox  lens.] 

[Cataract. — Sometimes  the  lens  becomes  more  or  less  opaque,  the  opacity 
beginning  either  in  the  middle  or  outer  parts  of  the  lens.  This  is  generally  due 
:o  fatty  degeneration  of  the  fibres,  cholesterin  being  deposited.     An  opaque. 
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cataractous  condition  of  the  lens  may  be  produced  in  frogs  by  injecting  a  solu- 
tion of  some  salts  or  sugar  into  the  lymph-sacs  ;  the  result  is  that  these  salts 
absorb  the  water  from  the  lens,  and  thus  make  it  opaque.  The  cataract  of 
diabetes  is  probably  produced  from  the  presence  of  grape-sugar  in  the  blood.] 
The  zonule  of  Zinn,  at  the  ora  serrata,  is  applied  as  a  folded  membrane  to 
the  ciliary  part  of  Che  uvea,  so  that  the  ciliary  processes  are  pressed  into  its  folds, 
and  are  united  to  it.  It  passes  to  the  margins  of  the  lens,  where  it  is  inserted 
by  a  series  of  folds  into  the  anterior  part  of  the  capsule  of  the  lens.  Behind 
the  zonule  of  Zinn,  and  reaching  as  far  as  the  vitreous  humor,  is  the  canal  of 
Petit.  The  zonule  is  a  fibrous  perforated  membrane.  According  to  Merkel, 
the  canal  of  Petit  is  enclosed  by  very  fine  fibres,  so  that  it  is  really  not  a  canal, 
but  a  complex  communicating  system  of  splices  (^Ger/mrA).     Nevertheless,  the 


Fig.  650. 
HorizaDlal  section  of  the  entrance  of  the  optic  nerre  and  the  coats  of  the  eje.  a,  innet,  t,  una 
layersofthe  retina;  c,  choroid  ;  i/,  sclerotic ;  ^,phyuol(^c«lcup  ;  y,  ccnlralacterrof  mnM 
in  axial  canal;  g,  its  paint  of  tHforcation;  h,  lamina  cnhnwa;  /,  outer  (dura]]  slwMi; 
m,  outer  (aubdurat)  ipace;  n,  inner  (subancbnoid)  space;  r,  middle  (arachooid)  sbealk; 
p,  inner  (pial)  sheath;  1,  bundles  of  neire-tibres ;   k,  longitudinal  septa  of  oatateeatt- 

zonule  represents  a  stretched  membrane,  holding  the  lens  in  position,  and  ma; 
therefore  be  regarded  as  the  suspensory  ligament  of  the  lens, 

Opadty  or  cloodiness  of  the  leni  (gray  cataract)  hiodera  the  passage  of  l^t  into  tbe  e^ 
Aphakia,  or  the  absence  of  the  lens  (as  after  operations  for  cataract),  may  be  remedied  br  1 
pair  of  strong  convex  spectacles.    Of  course,  such  an  eye  does  DM  possess  the  power  of  bccds- 

modation. 

The  vitreous  humor,  so  far  as  the  ora  serrata,  is  bounded  by  the  intenud 
limiting  membrane  of  the  retina  {Htnle,  Iwatwff^.  From  here  forwards,  lying 
between  both,  are  the  meridional  fibres  of  the  zonule,  which  are  united  vhh 
the  surface  of  the  vitreous  and  the  ciliary  processes.  A  part  of  the  fibroiK  Uytr 
bends  into  the  saucer-shaped  depression  and  bounds  it.     A  canal,  i  mm.  in 
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diameter,  runs  from  the  optic  papilla  to  the  posterior  surface  of  the  capsule  of 
the  lens ;  it  is  called  the  hyaloid  canal,  and  was  formerly  traversed  by  blood- 
vessels. The  peripheral  part  of  the  vitreous  humor  is  laminated  like  an  onion, 
the  middle  is  homogeneous ;  in  the  former,  especially  in  the  foetu8>  are  round 
fusiform  or  branched  cells  of  the  mucous  tissue  of  the  vitreous,  while  in  the 
centre  there  are  disintegrated  remains  of  these  cells  i^Iwanoff^.  The  vitreous 
humor  contains  a  very  small  percentage  of  solids,  1.5  per  cent,  of  mucin  [and 
according  to  Pickard  there  is  0.5  per  cent,  of  urea,  and  about  .75  of  sodic 
chloridej. 

[Structure  of  the  Vitreous  Humor. — It  consists  essentlaUy  of  mucous  tissue,  in  whose 
meshes  lies  a  Tery  watery  fluid,  containing  the  organic  and  inorganic  bodies  in  solution.  It  con- 
tains I.I  per  cent,  of  solids,  including  a  trace  of  albumin,  a  mucoid  body,  a  trace  of  urea,  and 
salts.  According  to  Younan,  the  vitreous  contains  two  t3rpes  of  cells — (i)  amcsboid  cells  of 
various  shapes  and  sizes.  They  lie  on  the  inner  surface  of  the  lining  hyaloid  membrane  and 
the  other  membranes  in  the  cortex  of  the  vitreous ;  (2)  huge  branching  cells.  The  vitreous 
\s  permeated  by  a  large  number  of  transparent,  dear,  homogeneous  hyaloid  membranes, 
which  are  so  disposed  as  to  give  rise  to  a  concentric  lamination.  The  canal  of  StUling  repre- 
sents in  the  adult  the  situation  of  the  hyaloid  artery  of  the  feetus.  •  It  can  readily  be  injected  by 
a  colored  fluid.] 

The  lymphatics  of  the  eye  consist  of  an  anterior  and  a  posterior  set.  The 
anterior  system  consists  of  the  anterior  and  posterior  chambers  of  the  eye 
(aqueous),  which  communicate  with  the  lymphatics  of  the  iris,  ciliary  processes, 
cornea,  and  conjunctiva.  The  posterior  consist  of  the  perichoroidal  space 
between  the  sclerotic  and  the  choroid  {Schwalbe),  This  space  is  connected 
by  means  of  the  perivascular  lymphatics  around  the  trunks  of  the  vasa  vorticosa, 
with  the  large  lymph-space  of  Tenon,  which  lies  between  the  sclerotic  and 
Tenon's  capsule.  Posteriorly,  this  is  continued  into  a  lymph-channel,  which 
invests  the  surface  of  the  optic  nerve;  while  anteriorly  it  communicates 
directly  with  the  sub-conjunctival  lymph-spaces  of  the  eyeball.  The  optic 
nerve  has  three  sheaths— (i)  the  dural ;  (2)  the  arachnoid  ;  and  (3)  the 
pial  sheath,  derived  from  the  corresponding  membranes  of  the  brain.  Tvvo 
lymph-spaces  lie  between  these  three  sheaths — ^the  subdural  space  between 
I  and  2,  and  the  subarachnoid  space  between  2  and  3  (lig.  636).  Both 
spaces  are  lined  by  endothelium ;  and  the  fine  trabeculse  passing  from  one  wall 
to  the  other  are  similarly  covered.  According  to  Axel  Key  and  Retzius,  these 
lymph-spaces  communicate  anteriorly  with  the  perichoroidal  space. 

The  aqueous  humor  closely  resembles  the  cerebrospinal  fluid,  and  contains  albumin  [and  a 
reducing  body,  which  is  not  sugar] ;  the  former  is  increased  and  the  latter  disappears  after 
death.  The  same  occurs  in  the  vitreous.  The  albumin  increases  when  the  diflference  between 
Lhe  blood-pressure  and  the  intraocular  pressure  rises.  Such  variations  of  pressure,  and  also 
intense  stimuli  applied  to  the  eye,  cause  the  production  of  fibrin  in  the  anterior  chamber  {^Jesner 
ami  Gr&nhageh),  [It  is  a  clear  alkaline  fluid,  specific  gravity  1003-1009,  and  containing  1.3 
per  cent,  of  solids,  the  proportion  of  proteids  being  only  .12  per  cent.  It  is  lymph,  containing 
1.  very  small  quantity  of^  solids,  the  chief  inorganic  solid  being  sodic  chloride.  The  proteids  are 
ibrinogen,  serum- albumin,  and  serum-globulin.  Traces  of  urea  and  sarco-Iactic  acid  are  present. 
The  reducing  substance  does  not  undergo  the  alcoholic  fermentation,  and  is  therefore  not  sugar.] 

Intraocular  Pressure. — ^The  cavity  of  the  bulb  is  practically  filled  with 
eatery  fluids,  which,  during  life,  are  constantly  subjected  to  a  certain  pressure, 
:he  **  intraocular  pressure.**  Ultimately,  this  depends  upon  the  blood-pres- 
►ure  within  the  arteries  of  the  retina  and  uvea,  and  must  rise  and  fall  with  it. 
rhe  pressure  is  determined  by  pressing  upon  the  eyeball,  and  ascertaining 
whether  it  is  tense,  or  soft  and  compressible. 

Just  as  in  the  case  of  the  arterial  pressure,  the  intraocular  pressure  b  influenced  by  many  cir- 

umstances;  it  is  increased  at  every  pulse-beat  and  at  every  expiration,  while  it  is  decreased 

luring  inspiration.    The  elastic  tension  of  the  sclerotic  and  cornea  regulates  the  increase  of  the 

rterial  pressure  by  acting  like  the  air. chamber  in  a  fire-engine;  thus,  when  arterial  blood  is 
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pumped  into  the  eyeball,  more  venous  blood  is  also  expelled.  The  constancy  of  the  intraocolv 
pressure  is  also  influenced  by  the  fact  that,  just  as  the  aqueous  humor  is  removed,  it  is  seaeted, 
or  rather  formed,  as  rapidly  as  it  is  absorbed  ({  392).  [Fick  has  invented  an  instrument  fntfae 
direct  measurement  of  the  intraocular  pressure ;  a  small  plate  of  known  size  is  pressed  igiintf 
the  eyeball,  and  the  pressure  exerted  is  registered  by  means  of  a  spring  and  index.] 

The  secretion  of  the  aqueous  humor  occurs  pretty  rapidly,  as  may  be 
surmised  from  the  fact  that  haemoglobin  is  found  in  the  aqueous  humor  half  as 
hour  after  dissolved  blood  (lamb's)  is  injected  into  the  blood-vessels  of  a  d(^. 
It  is  rapidly  reformed,  after  evacuation  through  a  wound  in  the  cornea. 

According  to  Knies,  the  watery  fluid  within  the  ^eball  is  secreted,  especially  from  the  chorio- 
capillaris,  and  reaches  the  suprachoroidal  space,  in  the  lymph-sheaths  of  the  optic  nerre,  asd 
partly  through  the  network  of  the  sclerotic.  It  saturates  the  retina,  vitreous  humor,  lens,  aui 
for  th.e  most  part  passes  through  the  zonula  ciliaris  into  the  posterior  chamber,  and  throofii  \k 
pupil  into  the  anterior  chamber.  The  movements  of  the  fluid  within  the  eyeball  hare  beea 
recently  studied  by  Ehrlich,  who  used  fluoreBcin,  an  indifferent  substance,  which,  00  boog 
introduced  into  the  body,  passes  into  the  fluids  of  the  eyeball,  and  in  a  very  dilute  soUitiao  mn 
be  recognized  by  its  green  fluorescence  in  reflected  light  From  observatioDS  on  the  eatnoce  i 
this  sul^tance  into  the  eye,  SchOler  and  Uhthoff  regard  the  posterior  surface  of  the  iris  lod  tbe 
ciliary  body  as  the  secretory  organs  for  the  aqueous  humor.  It  passes  through  the  popil  iotoik 
anterior  chamber ;  some  passes  into  the  lens,  and  along  the  canal  of  Petit  into  the  vitreous  huoar 
{Pfl&ger),  Section  of  the  cervical  S3rmpathetic,  and  still  more  of  the  trigeminus,  accelertfestbe 
secretion  of  the  aqueous,  but  its  amount  is  diminished.  If  the  substance  is  dropped  into  lix 
conjunctival  sac,  it  percolates  towards  the  centre  of  the  cornea,  and  through  the  latter  ioto  tbe 
anterior  chamber  (lyOiger). 

A  current  passes  forwards  from  the  vitreous  humor  around  the  lens,  and  there  is  an  oBt&v 
along  the  central  artery  of  the  retina  backwards  through  the  optic  nerve  to  tbe  caritj  of  tk 
skull  ( Gifford),  The  current  in  the  spaces  between  the  sheaths  flows  from  the  brain  to  tbe  eje 
( QuincM). 

The  outflow  of  the  aqueous  humor,  according  to  Leber  and  Heisrath^  takes  place  diieflj 
between  the  meshes  of  the  ligamentnm  pectinatum  iridis  (fig.  645,  m,  m\  and  the  caul  ot 
Schlemm  (t,  k\  into  the  anterior  circular  veins  (p.  936).  A  small  part  of  the  aqueous  hner 
diffuses  into  the  posterior  layers  of  the  cornea,  to  nourish  it  i^Leber).  None  of  the  water  is  de- 
ducted firom  the  eyeball  by  any  special  efferent  lymphatics  i^Leber),  Under  normal  drcoo- 
stances,  the  pressure  is  nearly  the  same  in  the  vitreous  and  aqueous  chambers,  but  atropin  seem 
to  diminish  tne  pressm^  in  the  former  and  to  increase  it  in  the  latter,  whilst  Calabar  bean  be  ts 
opposite  action  {Ad*  Weber),  Arrest  of  the  oAtflow  of  the  venous  blood  often  iocreaMs  tk 
pressure  in  the  vitreous,  and  diminishes  that  in  the  aqueous  chamber.  Compresskm  of  tbe  bolb 
from  without  causes  more  fluid  to  pass  out  of  the  eye  temporarily  than  enters  it  Tbe  dimiuBtk^' 
of  the  intraocular  pressure  is  well  marked  after  section  of  the  trigeminus,  while  it  rises  vbrntl^ 
nerve  is  stimulated.  The  statements  of  observers  regarding  the  effect  of  the  sympathetic  oene 
upon  the  pressure  vary.  Interruption  to  the  venous  outflow  increases  the  pressure,  wbik  c 
imperfect  supply  of  blood,  the  outiflow  being  nonnal,  diminishes  the  pressure.  The  ioDervaooc 
of  the  blood-vessels  of  the  eye  is  referred  to  at  {  347. 

385.  DIOPTRIC  OBSERVATIONS.— The  eye  as  an  optical  in- 
strument is  comparable  to  a  camera  obscura;  in  both,  an  inverted 
diminished  image  of  the  objects  of  the  external  world  is  formed  upon  a 
background,  the  field  of  projection.  Instead  of  the  single  lens  of  the  camera, 
however,  the  eye  has  several  refractive  media  placed  behind  each  olhw- 
cornea,  aqueous  humor,  lens  (who^  individual  parts — capsule,  coftb: 
layers,  and  nucleus,  all  possess  different  refractive  indices),  and  vitreous 
humor.  Every  two  of  these  adjacent  media  are  bounded  by  a  "  refractive 
surface,"  which  may  be  regarded  as  spherical.  The  field  of  projection  ct 
the  eye  is  the  retina,  which  is  colored  with  the  visual  purple  (^BoU,  Kuhxi) 
As  this  substance  is  bleached  chemically  by  the  direct  action  of  light,  so  tJa: 
the  pictures  may  be  temporarily  fixed  upon  the  retina,  the  comparison  of  tbe 
eye  with  the  camera  of  the  photographer  becomes  more  striking.  In  order  tha^ 
the  passage  of  the  rays  of  light  through  the  media  of  the  eye  may  be  rigtitly 
understood,  we  must  know  the  following  factors  :  (i)  the  refractive  indices oi 
all  the  media  \  (2)  the  form  of  the  refractive  surfaces ;  (3)  the  distance  of  tb^ 
various  media  from  each  other  and  from  the  field  of  projection  or  retina. 
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Action  of  a  Converging  Lens. — We  must  know  how  a  convex  lens  acts  upon  light.  In  a 
convex  lens  we  distinguish  the  centre  of  curvature,  f .  e.,  the  centre  of  both  spherical  sui^ces  (fig. 
651, 1,  m,  m^).  The  line  connecting  both  is  called  the  chief  axis ;  the  centre  of  this  line  is 
the  optical  centre  of  the  lens  {0).  All  rays  which  pass  through  the  optical  centre  of  the  lens 
pass  through  unbent,  or  without  b«ing  refracted ;  they  are  called  the  chief  or  principal  rays  (Uf 
ftj).    The  following  are  the  laws  regulating  the  action  of  a  convex  lens  upon  nys  of  light : — 

I.  Rays  which  fall  upon  the  lens,  parallel  with  the  principal  axis  (II,  /,  a.),  are  so  refracted 
that  they  are  collected  on  the  other  side  of  the  lens,  at  a  point  called  the  focus  or  principal  focus 
{/).  The  distance  of  this  point  from  the  central  point  (^o)  of  the  lens  is  called  the  focal  dis- 
tance of  the  lens  {/,  0).  The  converse  of  this  condition  is  evident,  viz.,  rays  which  diverge 
from  a  focus  and  reach  the  lens,  pass  through  it  to  the  other  side,  parallel  with  the  principal  axis, 
without  again  coming  together. 

a.  Rays  of  light  proceeding  from  a  source  of  light  (IV,  /)  in  the  prolonged  principal  axis,  but 
beyond  the  focal  point  (/),  again  converge  to  a  point  on  Uie  other  side  of  the  lens.  The  fol- 
lowing cases  may  occur :  (a)  When  the  distance  of  the  light  from  the  lens  is  equal  to  twice  the 
focal  distance,  the  focus  or  point  of  convergence  lies  at  the  same  distance  on  the  other  side  of 


Fig.  651. 
Figures  illustrating  the  action  of  lenses  upon  rays  of  light  passing  through  them. 


the  lens,  1.  ^.,  twice  the  focal  distance.  (^)  If  the  luminous  point  be  moved  nearer  to  the  focus, 
then  the  focal  point  is  moved  farther  away,  (e)  If  the  light  is  still  farther  from  the  lens  than 
twice  the  focal  distance,  then  the  focal  point  comes  correspondingly  near  to  the  lens. 

3.  Rays  proceeding  from  a  point  of  the  chief  axis  (III,  b)  within  the  focal  distance  pass  out  at 
the  other  side  less  divergent,  but  do  not  come  to  a  focus  again.  Conversely,  rays  which  are  con- 
vergent and  pass  through  a  collecting  lens  have  their  focal  point  within  the  focal  distance. 

4.  If  the  luminous  |X)inl  (V,  a)  is  placed  in  the  secondary  ray  (a,  ^),  the  same  laws  obtain, 
provided  the  angle  formed  by  the  secondary  ray  with  the  principal  axis  is  small. 

Formation  of  Images  by  Convex  Lenses. — After  what  has  been  stated  regarding  the 
position  of  the  point  of  convergence  of  rays  proceeding  from  a  luminous  point,  the  construction 
of  the  image  of  any  object  by  a  convex  lens  is  easily  accomplished.  This  is  done  simply  by 
projecting  images  of  the  various  parts  of  the  object.  Thus,  evidently  (in  V),  b  is  the  focal  point 
of  the  object  <7,  while  v  is  the  focal  point  of  the  object  /.  The  picture  is  inverted.  Collecting 
Unses  form  an  inverted  and  real  image  (».  ^.,  upon  a  screen)  only  of  such  objects  as  are  placed 
btyond  the  focal  point  of  the  lens. 

With  regard  to  the  size  and  distance  of  the  image  from  the  lens,  there  are  the  following 
cases :  {a)  If  the  object  be  placed  at  twice  the  focal  distance  from  the  lens,  the  image  of  the 
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same  is  just  the  sune  sise  and  it  the  iBme  distance  fiom  the  tens  as  the  object  is.  (>)  If  die 
object  be  ocHrer  than  the  focus,  the  image  recedes  and  at  the  same  time  becomes  luf^.  (c)  U 
the  object  be  farther  removed  from  the  lens  than  twice  the  foal  distance,  thai  the  image  b 
nearer  to  the  lens  and  at  the  same  lime  becomes  imaller. 

Position  of  the  Focal  Point. — The  distance  of  the  focal  point  frooi  the  lens  is  na(% 
calculated  accordbg  to  the  following  formula:  Where  /^the  distance  of  the  luminou pcut, t 

^tbedisiaitceof  the  image,  and /=  the  focal  diatanceof  the  lens:  t  +  t^^  y.  ""4  =  7 — 7- 

Example. — Let  /=  24 cenlimetres,/=  6 cm.  Then  T='g-  —  ii^^lj'  "  '''■' '  =  8 ca, 
('.«.,  the  image  is  fonnedScm.  behind  the  lens.  Furtlier,  Ict/^^-iocm../^^  5  cm.  [ij.,!=if). 
Then  "7  =■  T  —  in  ^^  io '  *"  ''"'  *  ^^  '°'  '''■'  ■*'"  '""B"  ■*  placed  at  twice  the  focal  diauKeof 
the  lens.  I-aatly,  let  /  =  «>.  Then  j  '=-f  —  "goi  "•  t^'  *=/>  '■'■i  'he  image  of  pantkl 
rays  coming  from  infiiuty  lies  in  the  focal  point  of  the  letis. 

Refractive  Indicea. — A  ray  of  light  which  passes  in  a  perpendicular  directko  frea  me 
'.o  another  mediuni  of  different  density,  posses  through  the  latter  without  changiag  Its 


Fig.  651.  Fig.  653. 

Dpon  the  sur&ce,  it  is  "  refracted,"  (./.,  it  is  bent  out  of  its  ori^nal  course.  The  incideDt  ad 
the  refracted  ray  nevertheless  lie  in  one  plant.  When  the  oblique  incident  ray  pusa  froD  1 
lets  dernt  medium  {(^.,  air)  into  one  tHure  dense  {i.g.,  water),  the  refracted  of  cicideDl  tir  e 
bent  towards  the  perpendicular.  I  f,  convereely,  it  pass  from  a  more  dense  to  a  less  dense  nie<iii»- 
it  is  bent  away  from  the  perpendicular.  The  angle  {i  G  D  S)  which  the  incident  ny  [S  Dl 
forms  with  the  perpendicular  (G  D)  is  called  the  angle  of  incidence,  the  angle  formed  bj  tk 
refraded  ray  (D  S,)  with  the  prolonged  perpendicular  (D  D)  is  called  the  angle  of  rcfracliao, 
D  D  S,  (r).  The  refractive  power  is  expressed  13  the  refractive  index.  The  term  refnctiTC 
index  («]  means  that  number  which  shows  for  a  certain  substance  how  many  times  the  line  i 
the  angle  of  incidence  is  greater  than  the  line  of  the  angle  of  refraction,  when  a  ray  of  li|^ 
passes  from  the  air  ialo  that  substance.  Thus,  n  =  sm.  t ;  sin.  r-=ab:  cd.  On  compuiDg  tb 
lefraclive  indices  of  two  media,  we  always  assume  that  the  ray  passes  from  air  into  the  nw£iX. 
On  passing  from  the  air  into  water,  the  ray  of  light  is  so  refracted  that  the  sine  of  the  angle  > 

incidence  is  to  the  sine  of  the  angle  of  refraction  as  4  :  3 ;  the  refractive  index  —  {or  mtt 
3rUoniB  =  3  :  1  —  1.535— (^'bciKbi,  l6», 
e  aogles  are  related  as  the  velocity  of  tight 


ictly  =  1.336).     With  glass  the  proportion  18  =  3  :  I  —  I.535— (^'bciKbi,  i6ao;  Deic*rle<. 
of  the  incident  and  refractive  angles  are  related  as  the  velocity  of  tight  widi  bed 


The  conatruction  of  the  refracted  ray,  the  refractive  index  being  given,  is  aajte-. 
Example. — Suppose  in  fig.  653,  L  =  the  air,  G  —  a  dense  medium  (glass)  with  a  ^en(*I  sbt 
face,  j-j',  and  with  its  centre  at  ffi;/0  =  the  oblique  incident  ray;  ihZ  is  the  popendicdn; 
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the  -^  )  I  =  the  uigle  of  incidence.  The  refractive  index  given  is  — ;  the  object  is  to  find  the 
direction  of  the  refc»cted  r«y.  From  0  w  centre  describe  a  circle  vrith  a  radius  of  any  length  ; 
lixiin  a  drftw  a.  perpendicular,  a  ito  nt  Z;  then  <>  J  is  the  line  of  the  angle  of  incidence,  1. 
IMvide  the  line  a  b  into  three  equal  parts,  and  prolong  it  to  the  extent  of  two  of  these  parts, 
viz.,  to/.  Draw  the  line  p  parallel  tomZ.  The  line  joining  d  to  n  is  the  direction  of  the 
refracted  ray.    On  making  a  lioe.wj,  pespendicular  lorn  Z,nt=^  bp.   Further,  «i  =  sine  <) 

=:  r.     So  that  o  ^  :  J  n  or  :  */)  =  3  :  2  or  sin.  1 :  sin.  r  =— . 

Optical  Cardinsil  Point  of  a  Simple  Collecting  System. ^T wo  refractive  media  (fig. 
654,  L  and  C).  which  arc  separated  from  each  other  by  a  spherical  surface  (a,  i),  form  a  simpTe 
collecting  system.  It  is  easy  to  estimate  the  construction  of  an  incident  ray  cocuing  front  the  hrst 
medium  (L)  and  falling  obliquely  upon  the  surface  (a,  i)  separating  the  two  media,  as  well  as 
to  ascertain  its  direction  in  the  second  medium,  G,  and  also  from  the  position  of  a  luminous 
point  in  the  first  medium,  to  estimate  the  posiikm  of  the  coirespondttig  focal  point  in  the  second 
medinm.  The  factors  required  to  be  known  are  the  following;  L  (fig.  654)  is  the  first,  and  Gt 
the  second  medium,  a,b  =^  the  spherical  iDcface  whose  centre  is  m.  Of  course,  all  the  radii 
drawn  from  m  \.o  a  i  (m  x,  m  n)  are  perpendiculars,  so  that  all  rays  falling  in  the  direction  of 
the  radii  must  pass  unrefracted  through  m.  All  rays  of  this  sort  are  called  rays  or  linea  of 
direction ;  m,  as  the  point  of  intersection  of  all  these,  is  called  the  nodal  point.  The  line 
which  connects  m  with  the  vertex  of  the  spherical  surfiice,  x,  and  which  is  prolonged  in  both 
directions,  is  called  the  Optic  azia,  O  Q.  A  plane  [E,  F)  in  .1,  perpendicular  to  O  Q,  is  called 
the  principal  plane,  and  in  it  .c  is  the  principal  point.     The  following  facts  have  been  ascer- 


Fig.  654. 
tained :  (l)  All  tmys  {a  to  a,),  which  in  the  first  medium  are  parallel  with  each  other  and  with 
the  optic  axis  and  fall  upon  a  J,  are  so  refracted  in  the  second  medlam  that  they  are  alt  again 
united  in  one  point  (/,)  of  the  second  medium.  This  is  called  the  Mcend  principal  facw.  A 
plane  in  this  point  perpendicular  to  O  Q  is  called  the  sicDtut  focal  plant  {C  DJ.  (l)  All  raya 
(<-  to  f,),  which  in  the  first  medium  are  parallel  to  each  other,  but  not  parallel  to  O  Q,  reunite 
in  a  point  of  the  second  focal  plane  (r),  where  the  non.refricted  directive  ray  (c,,  m  r)  meet* 
this.  (In  this  case,  the  angle  formed  by  the  rays  c  to  <r,  with  C  Q  must  be  very  small.)  The 
propositions  i  and  I  of  course  may  be  reversed  1  the  divergent  rays  proceeding  from  /  towards 
a  t  pass  into  the  first  medium  parallel  to  each  other,  and  also  with  the  axis  C  Q  (a  to  n^) ;  and 
tbe  rays  jiroceeding  from  r  pan  into  the  first  medium  parallel  10  each  other,  but  not  parallel 
to  the  axis  O  Q  (as  c  to  1'.).  (3)  All  rays,  which  in  the  secrnd  medium  are  parallel  to  each 
other  <i  to  4()  and  with  the  axis  O  Q,  reunite  in  a  point  in  the  first  medium  [p)  called  the  _firtt 
focal  ptitti ;  of  course  the  converse  of  this  is  true.  A  plane  in  this  point  perpendicular  to  O  6 
is  called  yat  first  focal  plant  (A,  B).  The  radius  of  the  refractive  surface  (m,  x\  is  e(tUBl  to  Hk 
difference  of  the  distance  of  both  local  points  (/  and  A)  from  the  principal  focus  {x);  tbusn  x-^ 
f^  X  p  X.     From  these  comparatively  simple  propositions  It  is  easy  to  determine  the  Ibllowii^ 

I.  Tbe  Constniction  of  the  Refracted  Ray.— Let  A  be  the  first  (fig.  655);  B,  the  second 
meditmi ;  c  d,  the  ^herical  surface  separating  the  two ;  a  b,  tbe  optical  axis ;  k,  the  twdal  pmnt ; 
p,  the  first  and  /,  the  second  principal  focus;  C,  D,  the  second  focal  plane.  Sappose  x y  to 
represent  the  direction  of  the  incident  ray,  what  is  the  corkstruciion  of  the  refracted  ray  in  the 
second  mecUum  ?  Prolong  the  unrefracted  ray,P  i,  to  Q  parallel  to  xy,\heay<^  is  the  direction 
of  (he  refraded  ray  (according  to  3). 
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2.  ConBtruction  of  the  Imkge  for  »  Oiven  Object. — In  6g.  656,  B,  1',  if,  a,  i,  i,  f, 
end/,,  C,  D  are  u  beloie.  Suppose  a  luminous  point  (0)  in  the  first  medimn,  what  isthcpcai' 
tion  of  the  imBge  in  Ihe  second  medJuiD  ?  Prdong  the  uncefracted  ra;  (s,  i,  P),  u>d  dnw  the 
ray  (0,  x)  parallel  to  Ihe  axis  (a,  j).  The  parallel  ra^i  (a,  e  and  o,x)  reunite  in^  ^■ccnrdingui 
propositiim  I),     Prolong  x,f^  until  it  intersects  the  ray  (a,  P},  Ibea  the  imige  of  0  is  >l  P— dm 

is,  the  rafi  of  light  (s  z  ud 
0  i)  proceeding  froo  Ibc 
luminous  point  (0]  renmlc 
in  P. 

Constructian  of  the 
Refracted  Ray  and  the 
,  Ima^e  in  Several  Re- 
fractive  Media. — If  menl 
rcliaetive  media  be  plaod 
behind  each  other,  we  mnt 
,  proceed     from     inediaa   to 

medium     with     the    mw 

methods  as  abo*e  dcKribtd 

Fig.  655.  This  would  be  tci?  tediw, 

espedallj  when  deling  with 

cases  the  metliod  of  coDstrnctioo  i:  tot 

^__.     .. ,  if  all  have  the  same  optic  aiii,  tha  tbe 

refrsclive  indices  of  such  a  centred  system  may  be  represented  by  two  equal,  aiong,  lefnctin 


Fig.  656. 

surfaces  at  a  certain  distance.  The  rays  fidling  upon  the  fint  miface  are  not  refracted  trr  itt 
but  are  essentially  projected  forwards  parallel  with  ihemsel'e*  to  the  second  suzbtx.  Refricticio 
takes  place  first  at  the  second  surface,  just  as  if  only  enc  refractive  sur£u^  wax  peicoL  Id 
order  to  make  the  calculation,  we  must  know  the  refractive  indices  of  the  media,  the  radii  of  Ac 
refractive  surfacei,  and  the  distance  of  the  refractive  surfacw  from  each  other. 

Construction  of  the  refracted  ray  ia  accomplished  as  follows ;  Let  a  6  itpiutnt  tk 
optical  axis  (6g.  657,  V\ ;  H,  the  first  focal  point  determined  by  calculation ;  A  i,  the  princtpd 
plane;  H,  the  second  Mai  point;  4,  h^,  (he  second  principal  plane;  :f ,  the  first,  and  i,,  the 
second  nodal  point ;  F,  the  second  focal  point ;  and  Fj,  Fj,  the  second  focal  plane.  Nake  tbe 
ray  of  direction  p  k-y  parallel  to  m,,  Rj.  According  to  proposition  2,  /,  Jiy  and  kij,  «,  tna 
meet  in  a  point  of  the  plane  F,  Fj.  As  p  k,  passet  throngh  nnrcfracted,  the  ray  fron  n,  moB 
fall  at  r;  «[  r  is,  therefore,  the  direction  of  (he  refracted  ray. 

Construction  of  the  Focal  Point.— Let  0  be  a  luminous  point  (fig.  657,  II),  what  it  Ik 
position  of  its  image  in  (he  last  medium?  Prolong  from  0  the  niy  of  direction  0  i,  and  ttike 
0,  X  parallel  to  a  i.  Both  rays  are  prolonged  in  a  parallel  direction  to  the  lecoDd  focal  phne 
The  tay  parallel  to  a  6  goes  Uirough  P ;  n,  i,  as  the  ray  of  direction  passes  (brough  nucfricnd, 
O,  where  n,  F,  and  m  i^  intersect  each  other,  is  the  pcation  of  the  image  of  0. 

386.  DIOPTRICS— RETINAL  IMAGE  — OPHTHALMOME- 
TER.— Position  of  the  Cardinal  Points. — The  eye  surrounded  with  air  oa 
the  anterior  surrace  of  the  cornea  represents  a  concentric  system  of  refiactivt 
media  with  spherical  separating  surfaces.  In  order  to  ascertain  the  coiux  of 
the  rays  through  the  various  tnedia  of  the  eye  we  must  know  the  position  <^ 
both  principal  foci  of  both  nodal  points  as  well  as  the  two  principal  focal  poicU. 
Gauss,  Listing,  and  v,  Helmholtz  have  calculated  the  position  of  these  points. 
In  order  to  make  this  calculation,  we  require  to  know  the  refractive  indices  (rf 
the  media  of  the  eye,  the  radii  of  the  refractive  surfaces,  and  the  distance  of 
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the  latter  from  feach  other.  These  will  be  referred  to  afterwards,  (i)  The 
first  principal  point  is  2.1746  mm. ;  and  (2)  the  second  principal  point 
is  2.5724  mm.  behind  the  anterior  surface  of  the  cornea.  (3)  The  first  nodal 
pointy  0.7580  mm. ;  and  (4)  the  second  nodal  pointy  0.3602  mm.  in  front 
of  the  posterior  surface  of  the  lens.  (5)  The  second  principal  focus, 
14.6470  mm.  behind  the  posterior  surface  of  the  lens ;  and  (6)  the  first  prin- 
cipal focus,  12.8326  in  front  of  the  anterior  surface  of  the  cornea. 

Listing's  Reduced  Eye. — The  distance  between  the  two  principal  points, 
or  the  two  nodal  points,  is  so  small  (only  0.4  mm.),  that  practically,  without 
introducing  any  great  error  in  the  construction,  we  may  assume  one  mean  nodal 
or  principal  point  lying  between  the  two  nodal  or  principal  points.  By  this 
simple  procedure  we  gain  one  refractive  surfece  for  all  the  media  of  the  eye, 
and  only  (me  nodal  point,  through  which  all  the  rays  of  direction  from  with- 
out must  pass  without  being  refracted.  This  schematic  simplified  eye  is  called 
'*  the  reduced  eye  "  of  Listing. 


I 


II 


Fig.  657. 

Formation  pf  the  Retinal  Image. — ^Thus,  the  construction  of  the  image 
on  the  retina  becomes  very  simple.  In  distinct  vision,  the  inverted  image  is 
fomaed  on  the  retina.  Let  A  B  represent  an  object  placed  vertically  in  front  of  the 
eye  (fig.  658).  A  pencil  of  rays  passes  from  A  into  the  eye ;  the  ray  of  direc- 
tion 9  A  ^,  passes  without  refraction  through  the  nodal  point,  Jk.  Further,  as  the 
focal  point  for  the  luminous  point.  A,  is  upon  the  retina,  all  the  rays  proceeding 
from  A  must  reunite  in  d.  The  same  is  true  of  the  rays  proceeding  from  B, 
and,  of  course,  for  rays  sent  out  from  an  intermediate  point  of  the  body,  A  B. 
The  retinal  image  is,  as  it  were,  a  mosaic,  composed  of  innumerable  foci  qf  the 
object.  As  all  the  rays  of  direction  must  pass  through  the  common  nodal 
point,  i,  this  is  also  called  the  '<  point  of  intersection  of  the  visual 


The  inverted  image  on  the  retina  is  easily  seen  in  the  excised  eye  of  an  albino  rabbit,  by  hold- 
ing up  any  object  in  front  of  the  cornea  and  observing  the  inverted  image  through  the  trans- 
parent coats  of  the  eyeball. 
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The  size  of  the  retinal  image  may  also  be  calculated,  provided  we  know  the  size  of  the  object, 
and  its  distance  from  the  coraea.  As  the  two  triangles,  A  B  i  and  c  d  k  are  similar,  K^\cd-= 
f  k  :  k gySo  that  cd  ={\'Bf  k g)  ifk.  All  these  values  are  known,  viz.,  k g  =i  15.16  mm.; 
further,/^  =  a  ^  X  <J/f  where  a /is  measured  directly,  and  a  i  =  7.44  mm.  The  size  of  A  B 
is  measured  directly. 

The  angle,  A  ^  B,  is  called  the  visual  angle,  and  of  course  it  is  equal  to 
the  angle  c  k  d.  It  is  evident  that  the  nearer  objects,  x  y^  and  r  s,  must  have 
the  same  visual  angle.  Hence,  all  the  three  objects,  KB,  x  y,  and  r  j,  give 
a  retinal  image  of  the  same  size.  Such  objects,  whose  ends  when  united  with 
the  nodal  point  form  a  visual  angle  of  the  same  size,  and  consequently  fonn 
retinal  images  of  the  same  size,  have  the  same  "  apparent  size." 

In  order  to  determine  the  optical  cardinal  points  by  calculation,  after  the 
method  of  Gauss,  we  must  know  the  following  factors : — 

1.  The  refractive  indices :  for  the  cornea,  1.377  ;  aqueous  humor,  1.377; 
lens,  1.454  (as  the  mean  value  of  all  the  layers) ;  vitreous  humor,  1.336;  air 
being  taken  as  i,  and  water  1.335. 

2.  The  radii  of  the  spherical  refractive  surfaces :  of  the  com^,  7.7 
mm.;  of  the  anterior  surface  of  the  lens,  10.3;  of  the  posterior,  6.1  mm. 


Fig.  658. 
Mode  of  formation  of  an  image  on  the  retina. 

3.  The  distance  of  the  refractive  surfaces :  from  the  vertex  of  the 
cornea  to  the  anterior  surface  of  the  lens,  3.4  mm.;  from  the  latter  to  the  pos- 
terior surface  of  the  lens  (axis  of  the  lens),  4  mm.;  diameter  of  the  vitreoos 
humor,  14.6  mm.     The  total  length  of  the  optic  axis  is  22.0  mm. 

[KOhne's  Artificial  Eye. — The  formation  of  an  inverted  image,  and  the  other  points  io  tk 
dioptrics  of  the  eye  can  be  studied  most  effectivelj  on  Kiihne's  aitifidal  eye,  the  coarse  of  tk 
rays  of  light  being  visibly  in  water  tinged  with. cosine,  ^pscnlin,  or  milk.] 

Ophthalmometer. — This  is  an  instrument  to  enable  us  to  measure  the  radii 
of  the  refractive  media  of  the  eye.  As  the  normal  curvature  cannot  be  accn- 
rately  measured  on  the  dead  eye,  owing  to  the  rapid  collapse  of  the  oculir 
tunics,  we  have  recourse  to  the  process  of  Kohlrausch,  for  calculating  the  radii 
of  the  refractive  surfaces  from  the  siase  of  the  reflected  images  in  the  living  eye. 
The  size  of  a  luminous  body  is  to  the  size  of  its  reflected  image  as  the  ^stemt 
of  both  to  half  the  radius  of  the  convex  mirror.  Hence,  it  is  necessary  to 
measure  the  size  of  the  reflected  image.  This  is  done  by  means  of  the  opii- 
thalmometer  of  Helmholtz  (fig.  659). 

The  apparatus  is  constructed  on  the  following  principle :  If  we  observe  an  object  thrcN^  t 
glass  plate  placed  obliquely,  the  object  appears  to  be  cusplaced  laterally ;  the  di4>IaoaMit  be- 
comes greater  the  more  obliquely  the  plate  is  mored.  Suppose  the  obserrer.  A,  to  look  thioa^ 
the  telescope,  F,  which  has  the  plate,  G,  placed  obliquely  in  front  of  the  upperhs^i  of  its  ot^- 
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live,  he  sees  the  corneal  reflected  image,  a  b^  of  the  eye,  B,  and  the  image  appears  to  be  dis- 
placed laterally,  viz.,  to  a'  y.  If  a  second  plate,  G,  be  placed  in  front  of  the  lowfr  half  of  the 
telescope,  but  placed  in  the  opposite  direction,  so  that  both  plates,  corresponding  to  the  middle 
line  of  the  objective,  intersect  at  an  angle,  then  the  observer  sees  the  reflected  image,  a  d, 
displaced  laterally  to  a^^  b'^.  As  both  glass  plates  rotate  round  their  point  of  intersection, 
the  position  of  both  is  so  selected  that  both  reflected  images  just  (ouch  each  other  with  their 
inoer  margins  (so  that  W  abuts  closely  upon  a''\  The  size  of  the  reflected  image  can  be  deter- 
mined from  the  size  of  the  angle  formed  by  both  plates,  but  we  must  take  into  calculation  the 
thickness  of  the  glass  plates  and  their  refractive  indices.  The  size  of  the  corneal  image,  and 
also  that  in  the  lens,  may  be  ascertained  in  the  passive  eye,  and  also  in  the  eye  accommodated 
for  a  near  object,  and  the  length  of  the  radius  of  the  curved  surface  may  be  calculated  there- 
from {HelmholtM  and  others). 

Fluorescence. — All  the  media  of  the  eye,  even  the  retina,  are  slightly  fluorescent ;  the  lens 
most,  the  vitreous  humor  least  (r.  Helmkoltt), 

Erect  Vision. — As  the  retinal  image  is  inverted,  we  must  explain  how 
we  see  objects  upright.  By  a  psychical  act,  the  impulses  from  any  point  of 
the  retina  are  again  referred  to  the  exterior,  in  the  direction  through  the  nodal 
point ;  thus  the  stimulation  of  the  point  d  is  referred  to  A,  that  of  ^  to  B 
(fi%.  658).  The  reference  of  the  image  to  the  external  world  happens  thus, 
that  all  points  appear  to  lie  in  a  surface  floating  in  front  of  the  eye,  which  is 
called  the  field  of  vision.  The  field  of  vision  is  the  inverted  surface  of  the 
retina  projected  externally  ;  hence,  the  field  of  vision  appears  erect  again,  as 
the  inverted  retinal  image  is  again  projected  externally  but  inverted  (fig.  658). 


Fig.  659. 
Scheme  of  the  ophthalmometer  of  Helmholtz. 

That  the  stimulation  of  any  point  is  again  projected  in  an  inverse  direction  through  the  nodal 
point  is  proved  by  the  simple  experiment,  that  pressure  upon  the  outer  aspect  of  the  eyeball  is 
projected  or  referred  to  the  inner  aspect  of  the  field  of  vision.  The  entoptical  phenomena  of 
the  retina  are  similarly  projected  externally  and  inverted ;  so  that,  e.  ^.,  the  entrance  of  the  optic 
nerre  is  referred  externally  to  the  yellow  spot  (see  {  393).  All  sensations  from  the  retina  are 
pfojeaed  externally. 

387.  ACCOMMODATION  OP  THE  EYE.— According  to  No.  2  (p.  950),  the  rays  of 
light  proceeding  from  a  luminous  point,  e,  ^.,  a  flame,  and  acted  upon  by  a  collecting  (convex) 
lens,  are  brought  to  a  focus  or  focal  point,  which  has  always  a  definite  relation  to  the  luminous 
object.  If  a  projection-surface  or  screen  be  placed  at  this  distance  from  the  lens,  a  real  and  in- 
verted image  of  the  object  b  obtained  upon  the  screen.  If  the  screen  be  placed  nearer  to  the 
lens  (fig.  651,  IV,  a,  b),  or  farther  away  from  it  (r,  d),  no  distinct  image  of  the  object  is  formed, 
but  di&sion  circles  are  obtained;  because,  in  the  former  case,  the  rays  have  not  united,  and 
in  the  latter,  because  the  ra3rs,  after  uniting,  have  crossed  each  other  and  become  divergent.  If 
the  luminous  point  be  brought  nearer  to,  or  removed  further  from,  the  lens,  in  order  to  obtain  a 
distinct  image,  in  every  case,  the  screen  must  be  brought  nearer,  or  removed  from  the  lens,  to 
keep  the  same  distance  between  the  lens  and  the  screen.  If,  however,  the  screen  be  fixed  per- 
manently, whilst  the  distance  between  the  luminous  point  and  the  lens  varies,  a  disdnct  image 
can  only  be  obtained  upon  the  screen,  provided  the  lens,  as  the  luminous  point  approaches  it, 
becomes  more  convex,.!,  e,^  refracts  the  rays  of  light  more  strongly— conversely,  when  the  dis- 
tance between  the  luminous  point  and  the  lens  becomes  greater,  the  lens  must  become  less 
curved,  i.  e.,  refract  less  strongly. 

In  the  eye,  the  projection  surface  or  screen  is  represented  by  the  retina,  which  is  permanently 
fixed  at  a  certain  distance ;  but  the  eye  has  the  power  of  forming  distinct  images  of  near  and 
distant  objects  upon  the  retina,  so  that  the  refractive  power,  t .  ^.,  the  form  of  the  crystalline  lens 
in  the  eyt,  must  undergo  a  change  in  curvature  corresponding  in  every  case  to  the  distance  of 
the  object. 
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Accommodation. — By  the  term  "  accommodatioQ  of  the  eye  "  is  nnda- 
Stood  that  property  of  the  eye  whereby  it  forms  distinct  images  of  distant  as 
well  as  near  objects  upon  the  retina.  [It  is  important  to  remember  that  we 
cannot  see  a  near  object  and  a  distant  one  with  equal  distinctness  at  the  stPKt 
time,  and  hence  arises  the  necessity  for  accommodation.]  This  power  depends 
upon  the  fact  that  the  crystalline  Icins  alters  its  curvature,  becoming 
more  convex  (thicker),  or  less  curved  (flatter),  according  to  the  distance  of 
the  object  When  the  lens  is  absent  from  the  eyeball,  accommodatioD  is  im- 
possible (7S.  Ytntng,  Donden — p.  944). 

During  rest  [or  negative  accommodation],  or  when  the  eye  is  paaive, 

it  is  accommodated  for  the  greatest  distance,  i.  e.,  images  of  objects  placed  at 

an  infinite  distance,  {e.g-,  the  ntoon)  aie 


the 


anterior  come*!  cpftbelium;  ■/,  Docemet'i  membmie ;  t,  iU  epttlicliani ;  l^  m 

/,  CDDJunctiTB ;  g,  iclerolic ;  4,  iris ;  i,  iphinctcr  iridii ;  j,  ligunentnm  pec-  ■> 

linunm  iridii,  with  the  tdjainmg  vacuolated  tissue ;  k,  cansl  of  Schlemni ; 
/,  longitudinsl,  m,  circular  muscular  (ibrei  of  the  dliaiy  musclei  ■,  dliaiy 

Ccu ;  a,  dliarr  put  of  Che  retina ;  q,  canal  of  Petit,  with  Z,  lODule  of 
.  in  IroDt  of  it;  and/,  the  posterior  layer  of  the  hjaloid  membrane  ;  r,  anteriot,  i,  par- 
terior  part  of  the  capsule  of  the  lens;  t,  choroid;  m,  perichoroidal  space ;  T,  pigment  qi- 
Ihelium  o(  the  iris;  x,  margin  of  the  leru. 

That  distant  objects  are  seen  without  the  aid  of  anj  muscular  action  is  shown  by  the  folb«* 
ing  considerations;  (i)  With  the  normal  or  emmctropc  eye,  we  can  see  distant  objecls  ckvly 
and  distinctly,  without  experiencing  any  T'd'og  of  effort  On  opening  the  eyelids  after  a  hof 
period  of  rest,  the  objects  at  a  distance  are  at  once  distinctly  visible  in  the  field  of  nstoo.  (l| 
If,  in  consequence  of  paralysis  of  the  mecbanism  of  accommodation  {f.g.,  through  panlyss  of 
the  oculomotor  nerve — \  345,  7),  tbc  eye  is  unable  10  focus  images  of  objects  pla^  at  diSis^ 
distances,  still  distinct  images  are  obtained  of  distant  objects.  Thus,  paralysis  of  the  mecban- 
ism of  accommodation  is  always  accompanied  by  inatrility  to  focus  a  near  c^ect,  nenr  ■  b 
tant  object,  A  temporary  paralysis  occurs  with  the  same  resnlta  when  a  solation  of  atmfm  v 
duboi^n  is  dK^iped  into  the  eye,  and  also  b  poisoning  with  these  dmgs  (j  392]. 

When  the  eye  is  accommodated  for  a  near  object  [positive  accommo- 
dation], the  lens  is  thicker,  its  anterior  surface  is  more  curved  (convex),  and 
projects  farther  into  the  anterior  chamber  of  the  eye  (^Cramer,  1851,  v.  Htbt- 
hollz,  1S53).     The  mechanism  producing  this  result  is  the  following :    During 
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rest,  the  lens  is  kept  somewhat  flattened  against  the  vitreous  humor  lying 
behind  it,  by  the  tension  of  the  stretched  zonule  of  Zinn,  which  is  attached 
round  the  margin  of  the  lens  (fig.  660,  Z).  When  the  muscle  of  accommo- 
dation, the  ciliary  muscls  (/,  m),  contracts,  it  pulls  forward  the  margin  of  the 
choroid,  so  that  the  zonule  of  Zinn  in  intimate  relation  with  it  is  relaxed. 
[When  we  accommodate  for  a  near  object,  the  ciliary  muscle  contracts, 
pulls  forward  the  choroid,  relaxes  the  zonule  of  Zinn,  and  this  in  turn  dimin- 
ishes the  tension  of  the  anterior  part  of  the  capsule  of  the  lens.]  The  lens 
assumes  a  more  curved  form,  in  virtue  of  its  elasticity,  so  that  it  becomes 
more  convex  as  soon  as  the  tension  of  the  zonule  of  Zinn,  which  keeps  it  flat- 
tened, is  diminished  (fig.  661).  As  the  posterior  surface  of  the  lens  lies  in  the 
saucer-shaped  unyielding  depression  of  the  vitreous  humor,  the  anterior  sur- 
face of  the  lens  in  becoming  more  convex  must  necessarily  protrude  more 
forwards. 

Nerves. — According  to  Hensen  and  Volckers,  the  origin  of  the  nerves  of 
accommodation  lies  in  the  most  anterior  root-bundles  of  the  oculomotorius. 


Fig.  661. 
icbtme  of  ■ccommodation  for  ne«r  tad  di»t«iit  objecti 

the  coadition  of  the  leoi  during  accommodation  for  >  near  object  and  tbc  left  n 
the  eye  ii  «t  nst.  The  leUera  iadicate  the  lune  parts  OQ  both  tidei ;  those  on  (he  rishl 
side  are  marked  with  a  daih  ;  A,  left,  B,  right  half  of  (he  teu ;  C,  comea  ;  S,  sclerotic ; 
C.  S,  canal  of  Schlenim;  K  /T,  anterior  cluunber;  _/,  iris;  /",  mu^n  of  Uie  popil;  V, 
anterior  mrface ;  //,  posterior  surface  of  the  lens ;  //,  margin  of  the  lenj  ;  /',  margin  of 
the  dliarjr  pcoceSMs ;  a  and  J,  space  between  the  two  former  1  the  line  Z,  X,  indicates  the 
tbickoesi  of  the  lens  during  Bccommodxion  for  n  neor'object;  Z,  Y,  (he  (hicknesi  of  the 
lens  when  the  eye  is  passive. 

itimulation  of  the  posterior  part  of  the  floor  of  the  third  ventricle  causes  ac- 
K>mniodatian ;  If  a  part  lying  slightly  posterior  to  this  be  stimulated,  contrac- 
ion  of  the  pupil  occurs.  On  stimulating  the  limit  between  the  third  ventricle 
,nd  the  aqueduct,  there  results  contraction  of  the  internal  rectus  muscle,  while 
timulation  of  the  other  parts  around  the  I'/er  causes  contraction  of  the  supierior 
ectus,  levator  palpebr^e,  rectus  inferior,  and  inferior  oblique  muscles. 

Proofs. — That  the  lens  alters  its  curvature  during  accommodation  is 
roved  by  the  following  facts : — 

I.  Purkinje-Sanson's  Images. — If  a  lighted  candle  be  held  at  one  side 
f  the  eye,  or  if  light  be  allowed  to  fall  on  the  eye  through  two  triangular 
oles,  placed  above  each  other  and  cut  in  a  piece  of  cardboard,  in  the  latter 
ase  the  observer  will  see  three  pairs  of  reflected  images  [in  the  former,  three 
nages].  The  brightest  and  most  distinct  image  (or  pair  of  images)  is  erect 
nd  is  produced  by  the  anterior  surface  of  the  cornea  (fig,  662,  a).  The  sec- 
nd  image  (or  pair  of  images)  is  also  erect.     It  is  the  largest,  but  it  is  not  so 
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bright  (6),  and  it  is  reflected  by  the  anterior  surface  of  the  lens.   (The  ate 

of  a  reflected  image  from  a  convex  mirror  is  greater  the  longer  the  radios  of 

curvature  of  the  reflecting  surface.)     The  latter  image  lies  8  mm.  bekittd  the 

plane  of  the  pupil.    The  third  image  (or  pair  of  images)  is  of  medium  siie  and 

medium  brightness — it  is  inverted  and  lies  nearly  in  the  plane  of  the  pnpil 

(f).     The  posterior  capsule  of  the  lens,  which  reflects  the  last  image,  acts  like 

a  concave  mirror.     If  a  luminous  object  be  placed  at  a  distance  from  a  c(hi- 

cave  mirror,  its  inverted,  diminished,  real  image  lies  close  to  the  focus  towsids 

the  side  of  the  object.     Jf  the  images  be  studied  when  the  observed  eye  ii 

passive,  i.e.,  in  the  phase  of  negative  accommodation,  on  asking  the  peison 

experimented  upon  to  accommodate  his  eye  for  a  near  object,  at  once  a  change 

in  the  relative  position  and  size  of  some  of  the  images  is  apparent.    The  middle 

pair  of  images  reflected  by  the  aoteiiar 

surface  of  the  lens  diminish  in  size  and 

approach  each  other  (^),  which  dependj 

upon  the  fact  that  the  anterior  surface  <A 

the  lens  has  become  more  convex.    At 

the   same   time   the   image    (or  pair  o! 

images)    comes    nearer    to     the   iinagf 

formed  by  the  cornea  (n,  and  f,)  as  the 

•^'E'  ^''  anterior  surface  of  the  lens  lies  nearer  to 

Sanson-PurkiDJe's  icoigM.    a,  b.  t,  during    (he  comea.     The  Other  imaMS  (or  pain 

Sioi"    ""        '"  '^''"  ""^"    o*"  '""^Ses)  neither  change  their  arc  no: 

position.    Helmholtz,  with  the  aidoftht 

ophthalmometer,  has  measured  the  diminution  of  the  radius  of  curvature  of  tbe 

anterior  surface  of  the  lens  during  accommodation  for  a  near  object. 

[Phakoscope. — These  images  nm;  be  readil;  ibown  l>y  nieuii  of  the  pfaakgECope  rA  < 
Helmholtz  (Eg.  663).  It  coniisu  of  a  triaogtilu'  box,  with  its  angles  cm  00)  Bod  Uaduscd 
inside.  The  observer's  eje  is  placed  at  a,  while  oa  the  c^pcste  nde  of  the  boi  are  two  prim> 
*,  i' ;  the  observed  eye  is  placed  at  the  aide  of  the  boi  opposite  to  C.  When  a  cuidle  is  beli 
in  front  of  [he  prisnu,  b  and  £',  three  pairs  of  images  are  seen  in  the  obserred  e^.  SA.  tk 
penon  to  accommodate  for  a  distant  object,  and  note  the  position  of  the  images.  On  pnslc^ 
up  the  slide  C  with  a  pin  attached  lo  it,  and  asking  bim  to  acconiiiiodate  for  ibe  pin,  i.  r.,  w  • 
near  object,  the  poulion  and  size  of  the  middle  images  chieSy  wilt  be  seen  to  alter  as  desoAoi 

3.  In  consequence  of  the  increased  Curvature  of  the  lens  during  accommodatieci  fotaatn 
object,  the  refractive  indices  within  the  eye  must  undergo  a  change.  According  to  t.  Helokc^ 
the  annexed  measDrements  obtain  in  ne^ire  and  pontive  accommodation  rcspectivdj. 


j   Radius  of  the  comea I  8             '  8 

I   Radios  of  anterior  surface  of  lens, !  lO  6 

I  Radius  of  posterior  surface  of  lens, 6  5.3 

Position  of  the  vertex  of  the  outer  snrface  of  the  lens  he- )  ,  ,  -  ,  . 

hind  the  vertex  of  the  comea, /  ,  3-°  3-» 

Position  of  the  posterior  vertex  of  the  lens, 7.2  7.2 

Position  of  the  anterioi  focal  point, 11.9  11.24 

Position  of  the  first  principal  point, I  t.94  2.03 

Position  of  the  second  principal  pdnt 6.96  6.51 

Posiiion  of  the  poiterioT  foMi  point  behind  the  anterior  1  i  22  2t  vtjt^ 

vertex  of  the  cornea, \\  ''  * 


3.  Lateral  View  of  the  Pupil. — If  the  passive  eye  be  looked  at  fttira  the  side,  vc  ot 
ODiy  a  small  black  strip  of  the  pupil,  which  becomes  broader  as  soon  as  the  pemo  e 
mented  on  accommodates  for  a  near  object,  as  the  whole  pnpil  it  pushed  more  fijimids. 
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4.  Focal  Line. — If  light  be  admitted  through  the  cornea  into  the  anterior  chamber,  the 
"  focal  line  "  formed  by  Uie  concave  surface  of 

the  cornea  falls  upon  the  iris.    If  the  experi-  r  R 

ment  be  made  upon  a  person  whose  eve  is  accom-  | 

modated  for  a  distant  object,  so  that  the  line 


Fig.  663. 
Phakoscope  of  Helmholtz. 


Fig.  664. 
Scheiner's  Experiment. 


lies  near  the  margin  of  the  pupil,  it  fn^dually  recedes  towards  the  scleral  margin  of  the  iris,  as 
soon  as  the  person  accommodates  for  a  near  object,  because  the  iris  becomes  more  oblique  as  its 
inner  margin  is  pushed  forward. 

5.  Change  in  Size  of  Pupil. — On  accommodating  for  a  near  object,  the 
pupil  contracts,  while  in  accommodation  for  a  distant  object,  it  dilates 
\Descartes^  1637).  The  contraction  takes  place  slightly  after  the  accommoda- 
tion {Donders),  This  phenomenon  may  be  regarded  as  an  associated  move- 
ment, as  both  the  ciliary  muscle  and  the  sphincter  pupillse'  are  supplied  by  the 
oculomotorius  (§  345,  2,  3).  A  reference  to  fig.  660  shows  that  the  latter  also 
directly  supports  the  ciliary  muscle ;  as  the  inner  margin  of  the  iris  passes 
inwards  (towards  r),  its  tension  tends  to  be  propagated  to  the  ciliary  margin  of 
the  choroid,  which  also  must  pass  inwards.  The  ciliary  processes  are  made 
tense,  chiefly  by  the  ciliary  muscle  (tensor  choroideae).  Accommodation  can 
still  be  performed,  even  though  the  iris  be  absent  or  cleft. 

6.  Internal  Rotation  of  the  Eye. — On  rotating  the  eyeball  inwards, 
accommodation  for  a  near  object  is  performed  involuntarily.  As  rotation  of 
both  eyeballs  inwards  takes  place  when  the  axes  of  vision  are  directed  to  a  near 
object,  it  is  evident  that  this  must  be  accompanied  involuntarily  by  an  accom- 
modation of  the  eye  for  a  near  object. 

7.  Time  for  Accommodation. — A  person  can  accommodate  from  a  near  to  a  distant  object 
[which  depends  upon  relaxation  of  the  ciliary  muscle)  much  more  rapidly  than  conversely,  from 
\  distant  to  a  near  object  ( Vierordi^  Aeby).  The  process  of  accommodation  requires  a  longer 
ime  the  nearer  the  object  is  brought  to  the  eye  ( Vierordt^  Volckers  and  Hensen),  The  time 
accessary  for  the  image  reflected  from  the  anterior  surface  of  the  lens  to  change  its  place  during 
iccommodation    is  less    than    that    required    for    subjective    accommodation    {^Attbert   and 

Ang^e/ticci). 

8.  Lrine  of  Accommodation. — When  the  eye  is  placed  in  a  certain  position  during  accom- 
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modation,  we  may  see  not  one  point  alone  distinctly,  bat  a  whole  series  of  points  bdund  eich 
other.  Czermak  called  the  line  in  which  these  points  lie  the  line  of  accommodatum.  The  vast 
the  eye  b  accommodated  for  a  distant  object,  the  longer  does  this  line  become.  All  ol^ecti 
placed  at  a  greater  distance  from  the  eye  than  60  to  70  metres  appear  equally  distinct  to  the  e^e. 
The  line  becomes  shorter  the  more  we  accommodate  kxr  a  near  object — f.  ^.,  when  we  accaBtmo- 
date  as  much  as  possible  for  a  near  object  a  second  point  can  only  be  seen  indistinctly  at  a  iksrt 
distance  behind  the  object  looked  at. 

9.  The  nerves  concerned  in  the  mechanism  of  accommodation  are  referred  to  under  Gads' 
motorius  (|  345,  and  again  in  J  704). 

Scheiner's  Experiment. — The  experiment  which  bears  the  name  of 
Scheiner  (1619)  serves  to  illustrate  the  refractive  action  of  the  lens  during 
accommodation  for  a  near  object,  as  well  as  for  a  distant  object.  Make  two 
small  pin-holes  (S,  d)  in  a  piece  of  cardboard  (fig.  664,  K  Ki),  the  holes  being 
nearer  to  each  other  than  the  diameter  of  the  pupil.  On  looking  thnnigh 
these  holes,  S,  //,  at  two  needles  (/  and  r)  placed  behind  each  other,  then  on 
accommodating  for  the  near  needle  (/),  the  far  needle  (r)  becomes  double  and 
inverted.  On  accommodating  for  the  near  needle  (/),  of  course  the  rays 
proceeding  from  it  fall  upon  the  retina  at  the  focus  (/i) ;  while  the  rays  coming 
from  the  far  needle  (r)  have  already  united  and  crossed  in  the  vitreous  hnmor, 
whence  they  diverge  more  and  more  and  form  two  pictures  (r^  r^)  on  the 
retina.  If  the  right  hole  in  the  cardboard  (^)  be  closed,  the  left  picture  on  tk 
retina  (r^^  of  the  double  images  of  the  far  needle  disappears.  An  analogoos 
result  is  obtained  on  accommodating  for  the  far  needle  (R.)  The  near  needle 
(P)  gives  a  double  image  (P^,  P^,),  because  the  rays  from  it  have  not  yet  come  to 
a  focus.  On  closing  the  right  hole  (</,),  the  right  double  image  (P^),  disappeac 
iPorterfield),  When  the  eye  of  the  observer  is  accommodated  for  the  near 
needle,  on  closing  one  aperture  the  double  image  of  the  distant  point  disappear 
on  that  side ;  but  if  the  eye  is  accommodated  for  the  distant  n^dle,  on  dosing 
one  hole  the  crossed  image  of  the  near  needle  disappears. 

388.  REFRACTIVE  POWER  OF  THE  EYE— ANOMALIES 
OF  REFRACTION.— The  limits  of  distinct  vision  vary  very  greatly  in  dif- 
ferent eyes.  We  distinguish  the  far  point  [p.  r.,  punctum  remotom] 
and  the  near  point  [p.  p.,  punctum  proximum]  ;  the  former  indicates  ti^ 
distance  to  which  an  object  may  be  removed  from  the  eye,  and  may  still  be 

seen  distinctly;  the  latter,  the 
distance  to  which  any  object 
may  be  brought  to  the  eye,  and 
may  still  be  %en  distincdy. 
The  distance  between  these  two 
points  is  called  the  range  of 
accommodation.  The  trpes 
of  eyeball  are  characteriaed  » 
follows : — 

I.  The  normal  or  emme- 
tropic eye  is  so  arranged  wbes 
at  rest  that  parallel  rays  (fig. 
6^5  >  ^>  ^)  coming  from  the  most 
distant  objects  can  be  foassed 
on  the  retina  (r,).  The  fsr 
point,  therefore,  is  =  00  (info- 
ity).  When  accommodating  as 
much  as  possible  for  a  near  (^ 
ject,  whereby  the  convexity  of 


Fig.  665. 

Condition  of  refraction  in  the  normal  passive  eye  and 
during  accommodation. 


the  lens  is  increased  (fig.  665,  a),  rays  from  a  luminous  point  placed  at  a  dis- 
tance of  5  inches  are  still  focussed  on  the  retina,  /.  e.y  the  near  point  \s  :=:  l 
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inches  (i  inch  =27  mm.).     The  range  of  accommodation  [or  the  **  range 
of  distinct  vision  "],  therefore,  is  from  5  inches  (10-12  cm.)  to  00 . 

2.  The  short-sighted  or  myopic  eye  (long  eye)  cannot,  when  at  rest, 
bring  parallel  rays  from  infinity  to  a  focus  on  the  retina  (fig.  666).  These  rays 
decussate  within  the  vitreous  humor  (at  O),  and  after  crossing  form  diffusion 
circles  upon  the  retina.  The  object  must  be  removed  from  the  passive  eye  to  a 
distance  of  60  to  120  inches  (to/),  in  order  that  the  rays  may  be  focussed  on 
the  retina.  The  passive  myopic  eye,  therefore,  can  only  focus  divergent  rays 
upon  the  retina.  The  far  pointy  therefore,  lies  abnormally  near.  With  an 
intense  effort  at  accommodation,  objects  at  a  distance  of  4  to  2  inches,  or  even 
less,  from  the  eye  may  be  seen  distinctly.  The  near  point,  therefore,  lies 
abnormally  near;  the  rar^e  of  accommodation  is  diminished. 

Short  -  sightedness, 
or  myopia,  usually  de- 
pends upon  congenital, 
and  frequently  hereditary, 
elongation  of  the  eyeball. 
This  anomaly  of  the  re- 
fractive media  is  easily 
corrected  by  using  a 
diverging  lens  (con- 
cave), which  makes  par-  p.  ^^ 
allel  rays  divergent,  so 
that    they  can    then    be                                     Myopic  eye. 

brought  to  a  focus  on  the  retina.  It  is  remarkable  that  most  children  are 
myopic  when  they  are  born.  This  myopia,  however,  depends  upon  a  too 
curved  condition  of  the  cornea  and 
lens,  and  on  the  lens  being  too  near 
to  the  cornea.  As  the  eye  grows, 
this  short-sightedness  disappears. 
Amongst  the  causes  of  myopia  in 
children  are  the  continued  activity 
of  the  ciliary  muscle  in  reading, 
writing,  etc.,  especially  in  a  bad 
light,  or  when  the  reader  is  in  an 
awkward  position,  or  the  continued 
convergence  of  the  eyeballs,  where- 
by the  external  pressure  upon  the 
eyeball  is  increased. 

3.  The  long-sighted  or  hypermetropic  eye,  hyperoptic  ("flat  eye*') 
when  at  rest,  can  only  cause  convergent  ra3rs  to  come  to  a  focus  on  the  retina 
(fig.  667).  Distinct  images  can  only  be  formed  when  the  rays  proceeding  from 
objects  are  rendered  convergent  by  means  of  a  convex  lens,  as  parallel  rays 
would  come  to  a  focus  behind  the  retina  (at/).  All  rays  proceeding  from 
natural  objects  are  either  divergent,  or  at  most  nearly  parallel,  never  convergent. 
Hence,  a  long-sighted  person,  when  the  eye  is  passive ,  /.  ^.,  is  negcUively  ac- 
commodated, cannot  see  distinctly  without  a  convex  lens.  When  the  ciliary 
muscle  contracts,  slightly  convergent,  parallel,  and  even  slightly  divergent  rays 
may  be  focussed,  according  to  the  increasing  degree  of  the  accommodation. 
The  far  point  of  the  eye  is  negative,  the  near  point  abnormally  distant  (over 
8  to  80  inches),  while  the  range  of  accommodation  is  infinitely  great. 

The  cause  of  hypermetropia  is  abnormal  shortness  of  the  eye,  which  is 
generally  due  to  imperfect  development  in  all  directions.  It  is  corrected  by 
using  a  convex  lens. 


Fig.  667. 

Hypermetropic  eye. 


960  Snellen's  types.  [See.  388. 

[Defective  Accommodation. — In  the  presbyopic  eye,  or  long-siglited 

eye  of  old  people,  the  near  point  is  farther  away  than  normal,  but  the  Ear 
point  is  still  unafTected.  In  such  cases,  the  person  cannot  see  a  near  object  dis- 
tinctly, unless  it  be  held  at  a  considerable  distance  from  the  eye.  It  b  due  to 
a  defect  in  the  mechanism  of  accommodation,  the  lens  becoming  somewhat 
flatter,  less  elastic,  and  denser  with  old  age,  while  the  ciliary  muscle  becomes 
weaker.  In  bypermetropia,  on  the  contrary,  the  mechanism  of  accommodatioD 
may  be  perfect,  yet  from  the  shape  of  the  eye  the  person  cannot  focus  on  hb 
retina  the  rays  of  light  from  a  near  object.  In  presbyopia  the  range  of  distinct 
vision  is  diminished.  The  defect  is  remedied  by  weak  convex  glasses.  The 
defect  usually  begins  about  forty-five  years  of  age,] 

Estimation  of  tbe  Fai  Point — Snellen's  Types. — In  order  to  detennine  the  far  pttm  ti 
*"  ^y'l  gradually  bring  nearer  to  the  eye  objecti  which  (bnn  a  vtsua]  angle  of  5  roiimtei  (<-/. 
SoelleD's  small  type  letters,  or  Ihe  medium  type,  4  10  8,  of  Jaeger),  antil  tbey  can  he  *eea  te- 
tinclly.  The  distance  frDai  the  eye  indicatei  Ibe  for  point.  In  order  to  determine  the  ta  peat 
of  a  myopic  person,  place  at  30  inches  distant  from  tbe  eye  tbe  same  objects  which  gii«  a  TJiil 
angle  of  J  minutes,  and  ascertain  tbe  contove  leni  which  will  enable  the  person  to  sec  the  objcca 
distinctly.  To  estimate  the  ntsr /mn/,  bring  small  objects  (f.^.,  Ibe  finest  printj  neanr  sad 
nearer  to  the  eye,  until  it  finally  becomes  indistinct.  The  distance  at  which  one  can  aiH  see 
disticdly  indicates  the  near  point. 

Optometer The  optometer  may  also  be  osed  to  determine  the  neiu'  and  tai  points.    A 

small  object,  e.g.,  a  needle,  is  so  arranged  as  to  be  movable  along  a  scale,  along  which  tbe  eye 
to  be  investigated  can  look  as  a  penon  looks  along  the  sight  of  a  lifie.  The  necdk  is  moral  ai 
near  as  possible,  and  then  removed  as  ^  as  possible,  in  each  case  as  long  as  it  is  seen  diSuKtly 
The  distance  of  the  near  and  far  point  and  the  range  of  accommodalitHi  can  be  read  off  directly 
upon  iKe  scale  (GrSfe). 

3Bg.  FORCE  OF  ACCOMMODATION— Force.— The  lange  of  accomiDodsaan,wbd 

is  easily  determined  experimentally,  does  not  by  itself  determine  the  proper  paaftr  or  ftrct  nl 

accommodation.     The  measure  of  the  latter  depends  upon  the  mechanical  siwit  done  t?  tbt 

muscle  of  accommodation,  or  the  ciliary  muscle.    Of  course  this  cannot  be  directly  deteimiDed 

in  the  eye  itself.     Hence,  this  fciet 

is  measured   by  the   mftUal  rf«f. 

which  resolta  in  conscqacnce  oi  tk 

change  in  the   shape  of  the  IcnL 

brought  aboat  by  the  esci^  of  tbe 

p  '    contracting  muscle. 

Id  (he  normal  eye,  dnrmg  & 

passive  conditiOD,  Ibe  rays  cohbc 

from  infinity,  and  thervfbce  paiaBe 

y      (which  an:  dotted  in  &g.  668), an 

focussed  npon  the  retina  at  /     h' 

Fig,  66S.  rays  coming  frcmi    a    c^stince  of  5 

inches  (p.  958)  are  to  be  JjCMei 

tbe  whole  available  energy  of  the  ciliary  muscle  must  be  brought  into  play  to  allow  t^  lai 

to  become  more  convex,  so  that  the  rays  may  be  bronghl  to  a  focus  at  f.     Tbe  energy  li 

accommodation,  therefore,  prodnces  an   optical  effect  in  as   far  as  it  increase*  the  cnnvciitT 

of  the  anterior  surface  of  tne  passive  lens  (A),  by  the  amount  indicated  by  B.      Pndicall}. 

we  may  regard  the  mauer  as  if  a  new  convex  lens  (B)  were  added  to  tbe  exiaing  cano 

lens  (A).      What,  therefore,  most  be   the  focal  distance  of  the  lens  (B),  in  order  tial  nm 

coming  from  the   near  point  (5  inches)   may  be  focnased  npon  the  rebna  at  /  f     Endei^ 

the  lens  B  must  make    Ibe  diverging    rays    coming  from  /,  parallel,  and    tben  A  cut  htt 

them  at  /.     Convex  lenses  cause  those  rays  proceeding  from  their  focal  poinli  to  poa  ou  t 

the  other  side  as  parallel  rays  (^  385,  I).     Hence,  in  our  case,  the  lens  mnst  have  a  focal  dislms 

of  5  inches.     T&e  ootmal  eye,  therefore,  with  the  far  point  ^  «  ,  and  the   near  poirt  = ! 

inches,  has  a  power  of  accommodation  equal  to  a  lens  of  5  inches  focal  distance.    When  tk 

lens  by  the  energy  of  accommodation  is  rendered  more  powerfully  refractive,  the  increase  (B 

can  readily  be  eliminated  by  placing  before  the  eye  a  concave  tens  which  possesses  eiscllylk 

opposite  optical  effect  of  the  inciease  of  accammodation  (B).     Hence  it  is  possible  to  im^cia 

the  power  (force)  of  accommodation  of  (he  eye  by  a  lens  of  a  definite  focal  distance,  ■'.  r.,  by  ihc 

optical  effect  produced  by  the  latter.     Therefore,  according  to  Bonders,  the  measure  of  ibe  fane 

of  Bccommot^lon  of  the  eye  is  the  reciprocal  value  of  the  focal  distance  of  a  concave  ieas- 
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which,  when  placed  before  the  accommodated  eye,  so  refracts  the  rays  of  light  coming  from  the 
near  point  (/)  as  if  they  came  from  the  fru*  point. 

Ezaniple. — ^We  may  calculate  the  force  of  the  accommodation  according  to  the  following 

formula :  —=^— ,  1.  e.,  the  force  of  accommodation,  expressed  as  the  dioptric  value  of  a 

lens  (of  X  inch  focal  distance),  is  equal  to  the  difference  of  the  reciprocal  values  of  the  dis- 
tances of  the  near  point  (/)  and  of  the  far  point  (r)  of  the  eye.      In  the  emmetropic  eye, 

as  already  mentioned,  /  =  5,  r  =:  00  .     Its  force  of  accommodation  is  therefore  —  =  ^ ' 

so  that  X  =  5,  t.  e.^  it  is  equal  to  a  lens  of  5  inches  focal  distance.     In  a  myopic  tjtfP  =  4, 

III 

r  =  12,  so  that  —  =  -  —  —  ,  t.  e.,  x  =  6.    In  another  myopic  eye,  with  /  =  4  and  r  =  20,  then 

jc       4       *  2 

X  =  s,  which  is  a  normal  force  of  accommodation.  Hence,  it  is  evident  that  two  different  eyes, 
possessing  a  very  different  ran^e  of  accommodation,  may  nevertheless  have  the  same  /orce  of 
accommodation.     Ezanaple.^ — ^The  one  eye  has  /  =  4,  r  =  00  ,  the  other,/  =r  2,  r  =  4.     In 

both  cases,  —  =  — ,  so  that  the  force  of  accommodation  of  both  eyes  is  equal  to  the  dioptric 
X       4 

value  of  a  lens  of  4  inches  focal  distance.  Conversely,  two  eyes  may  have  the  same  range  of 
accommodation,  and  yet  their  force  of  accommodation  be  very  unequal.     Example. — The  one 

eye  has/  :=  3,  r  =  6 ;  the  other/  =  6,  r  =  9.    Both,  therefore,  have  a  range  of  accommoda: 

III 

tion  of  3  inches.    For  these,  the  force  of  accommodation,  ~  =  :r  —  ^>-*  =  6;  and 

*         '        * 

jr      6       9' 

Relation  of  Range  to  Force  of  Accommodation. — ^The  general  law  is,  that  the  ranges 
of  accommodation  of  two  eyes  being  equally  great,  then  Xht\i  forces  of  accommodation  are  eqiud, 
provided  that  their  near  points  are  the  same.  If  the  ranges  of  acconmiodation  for  both  eyes 
are  equally  great,  but  their  near  points  unequal,  then  the  forces  of  accommodation  are  also  un- 
equal— the  Tatter  being  greater  in  the  eyes  with  the  smallest  near  point.  This  is  due  to  the 
fact  that  every  difference  of  distance  near  a  lens  has  a  much  greater  effect  upon  the  image  as 
compared  with  differences  in  the  distance  far  from  a  lens.  "Die  emmetropic  eye  can  see  dis- 
tinctly objects  at  60  to  70  metres,  and  even  to  infinity,  without  accommodation. 

While/  and  r  may  be  directly  estimated  in  the  emmetropic  and  myopic  eyes,  this  is  impos- 
sible with  the  hypermetropic  (long-sighted)  eye.  The  Ux  pomt  in  the  latter  is  negative ;  indeed, 
in  very  pronounced  hypermetropia  even  the  near  point  may  be  negative.  The  far  point  may 
be  estimated  by  making  the  hypermetropic  eye  practically  a  normal  eye  by  using  suitable  convex 
lenses.     The  relative  near  point  may  then  be  determined  by  means  of  the  lens. 

Even  from  the  1 5th  year  onwards  the  power  of  accommodation  is  greatly  diminished  for 
near  objects — perhaps  this  is  due  to  a  diminution  of  the  elasticity  of  the  lens  (ponders). 

3go.  SPECTACLES. — ^The  focal  distance  of  concave  (diverging),  as  well  as  convex  (con- 
▼eiiging)  spectacles,  depends  upon  the  refractive  index  of  the  glass  (usually  3  :  2),  and  on  the 
length  of  the  radius  of  curvature.  If  the  curvature  of  both  sides  of  the  lens  is  the  same  (bicoa- 
cave  or  biconvex),  then  with  the  ordinary  refractive  index  of  glass,  the  focal  distance  is  the  same 
as  the  radius  of  curvature.  If  one  surface  of  the  lens  is  plane,  then  the  focal  distance  is  twice  as 
great  as  the  radius  of  the  spherical  surface.  Spectacles  are  arranged  according  to  ihxsa  focal 
distance  in  inches^  but  a  lens  of  shorter  focal  distance  than  i  inch  is  generally  not  used.  They 
may  also  be  arranged  according  to  their  refractive  power.  In  this  case,  the  refractive  power  of 
a  lens  of  i  inch  focus  is  taken  as  the  unit.  A  lens  of  a  inches  focus  refracts  light  only  half  as 
much  as  the  unit  measure  of  i  inch  focus ;  a  lens  of  3  inches  focus  refracts  y^  as  strongly,  etc. 
This  is  the  case  both  with  convex  and  concave  lenses,  the  latter,  of  course,  having  a  negative 
focal  distance ;  thus,  *<  concave — ^/'  indicates  that  a  concave  lens  diverges  the  rays  of  light  one- 
eighth  as  strongly  as  the  concave  lens  of  i  inch  (negative)  focal  distance. 

Choice  of  Spectacles. — Having  determined  the  near  point  in  a  myopic  eye,  of  course  we 
require  to  render  parallel  the  divergent  ra3rs  coming  from  the  far  point,  just  as  if  they  came 
firom  infinity.  This  is  done  by  selecting  a  concave  lens  of  the  focal  distance  of  the  far  point. 
The  greatest  distance  is  the  frir  point  of  the  emmetropic  eye.  Suppose  a  myopic  eye  with  a  far 
p>oint  of  6  inches,  then  such  a  person  requires  a  concave  lens  of  6  inches  focus  to  enable  him  to 
see  distinctly  at  the  greatest  distance.  Thus,  in  a  myopic  eye,  the  distance  of  the  far  point  from 
the  eye  is  directly  equal  to  the  focus  of  the  (weakest)  concave  lens,  which  enables  one  to  see 
distinctly  objects  at  the  greatest  distance.  These  lenses  generally  have  the  same  number  as  the 
spectacles  required  to  correct  the  defect.  Example. — A  myopic  eye  with  a  far  point  of  8 
inches  requires  a  concave  lens  of  8  inches  focus,  t.  ^.,  the  concave  spectacles  No.  8.  For  the 
hypermetropic  (long-sighted)  eye,  the  focal  distance  of  the  strongest  convex  lens,  which 
61 
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enables  the  hypermetropic  eye  to  see  the  most  distant  objects  distinctly,  is  at  the  same  time  die 
distance  of  the  far  point  from  the  eye.  Example,— A  hypennetiopic  eye  which  can  sec  the 
most  distant  objects  with  the  aid  of  a  convex  lens  of  12  inches  focus  has  a  fisr  point  of  12;  the 
proper  spectacles  are  convex  No.  12. 

[Diopter  or  Dioptric. — The  focal  length  of  a  lens  used  to  be  expressed  in 
inches ;  and  as  the  unit  was  taken  as  i  inch,  necessarily  all  weaker  lenses  were 
expressed  in  fractions  of  an  inch.  In  the  method  advocated  by  Dondeis,  the 
standard  is  a  lens  of  a  focal  distance  of  i  metre  (39.370  English  inches,  about 
40  inches),  and  this  unit  is  called  a  dioptric.  Thus,  the  standard  is  a  weak 
lens,  so  that  the  stronger  lenses  are  multiples  of  this.  Hence,  a  lens  of  2 
dioptrics  =  one  of  about  20  inches  focus;  10  dioptrics  =  4  inches  focus;  and 
so  on.  The  lenses  are  numbered  from  No.  i ,  /.  ^.,  i  dioptric,  onwards.  It  b 
convenient  to  use  signs  instead  of  the  words  convex  and  concave.  For  coo- 
vex  the  sign  plus  +  is  used,  and  for  concave  the  sign  minus  — .  Thus  a  +  4.0 
means  a  convex  lens  of  4  dioptrics,  and  a  —  4.0  =  a  concave  lens  of  4  diop- 
trics.] 

In  all  cases  of  myopia  or  hypermetropia,  the  person  ought  to  wear  the  proper  spectades.  la 
a  myopic  eye,  when  the  far  point  is  still  more  than  5  inoies,  the  patient  ought  always  to  west 
spectacles ;  but  generally  the  working  distance,  e.  g.^  for  reading,  writing,  and  for  handicnfts, 
is  about  twelve  inches  from  the  eye.  If  the  person  desires  to  do  finer  work  (etching,  drawing), 
requuing  the  object  to  be  brought  nearer  to  the  eye,  so  as  to  obtain  a  laiger  image  iqwa  the 
retina,  then  he  should  either  remove  the  spectacles  altogether  or  use  a  weaker  pair. 

The  hypermetropic  person  ought  to  wear  his  convex  spectacles  when  looking  at  a  near 
object,  and  especially  when  the  illumination  is  feeble,  because  then,  owing  to  the  dilaitation  of 
the  pupil,  the  diffusion  cuxles  of  the  eye  tend  to  become  veiy  pronounced.  It  is  advisable  to 
wear  at  first  convex  spectacles  which  are  slightly  too  strong.  Cylindrical  lenses  are  lefeueJ 
to  under  Astignuitism,  Spectacles  provided  with  dull-colored  or  blue  glasses  are  used  to  pr^ 
tect  the  retina  when  the  light  is  too  intense.  Stenopaic  spectacles  are  narrow  diaphngsi 
placed  in  the  front  of  the  eye,  which  cause  it  to  move  in  a  definite  directiofi  in  order  to  see 
through  the  opening  of  the  diaphragm. 

391.  CHROMATIC  AND  SPHERICAL  ABERRATION,  AS- 
TIGMATISM.— Chromatic  Aberration.— All  the  rays  of  wkiu  light, 
which  undergo  refraction,  are  at  the  same  time  broken  up  by  dispersion  into 
a  bundle  of  rays  which,  when  they  are  received  on  a  screen,  form  a  spectnun. 
This  is  due  to  the  fact  that  the  different  colors  of  the  spectrum  possess  differ- 
ent degrees  of  refrangibility.  The  violent  rays  are  refracted  most  strongly ; 
the  red  rays  least. 


A  white  point  on  a  black  ground  does  not  form  a  sharp  simi^  image  on  the  zctina,  bat 
colored  points  appear  after  each  other.  If  the  eye  is  accommodated  so  strongly  as  to  focasthe 
violet  rays  to  a  sharp  image,  then  all  the  other  colors  must  fonn  concentric  difibsioo  dides. 
which  become  larger  towarids  the  red.  In  the  centre  of  all  the  circles,  where  all  the  co^on  d 
the  spectrum  are  superposed,  a  white  point  is  produced  by  their  mixture,  iditle  aroond  it  mt 
placed  the  colored  circles.  The  distance  of  the  focus  of  the  red  rays  from  that  of  the  viokt  ia 
the  eye  =  0.58  to  0.62  mm.  The  focal  distance  for  red  is,  according  to  v.  Hehi^<dtz,  fcr  the 
reduced  eye,  30.524  mm. ;  for  violet,  20.140  mm.  Thus,  the  near  and  fiur  points  for  violet 
light  are  nearer  each  other  than  in  the  case  of  red  light ;  white  objects,  therelore,  tpgieu  td- 
dish  when  beyond  the  far  point,  but  when  nearer  than  the  near  point  they  are  violet.  Heace, 
the  eye  must  accommodate  more  strongly  for  red  rays  than  tot  violet,  so  that  we  jodge  led 
objects  to  be  nearer  us  than  violet  objects  placed  at  an  equal  distance  {BrUcke), 

Monochromatic,  or  Spherical  Aberration. — ^Apart  from  the  decomposition  or  dispon 
of  white  light  into  its  components — the  rays  of  white  light  proceeding  from  a  point,  if  tzaa- 
mitted  through  refractive  spherical  surfaces — we  find  that,  before  the  rays  are  again  bioa^  e 
a  focus,  the  marginal  rays  are  more  strongly  refracted  than  those  passing  Unougli  the  cesOal 
parts  of  the  lens.  Hence,  there  is  not  one  focus  but  many.  In  the  eye  this  defect  is  oatiinfiF 
corrected  by  the  iris^  which,  acting  as  a  diaphragm,  cuts  off  the  marginal  rays  (fig.  65Si 
especially  when  the  lens  is  most  convex,  when  the  pupil  also  is  moat  contracted.  In  addi^oa. 
the  margin  of  the  lens  has  less  refractive  power  than  the  central  substance ;  lastly,  the  aysfos 
of  the  refractive  spherical  surfaces  of  the  eye  are  less  curved  towards  their  margins  thaa  tbe 
parts  lying  nearer  to  the  optical  axis.     Compare  the  form  of  the  cornea  (p.  933)  and  the  kai 

(P-  943). 
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Imperfect  Centring  of  the  Refractive  Surfaces. — The  sharp  projection  of  an  image  is 
somewhat  interfered  with  by  the  fact  that  the  refractive  sur&ces  are  not  exactly  centred 
(BHUkt),  Thus,  the  vertex  of  the  cornea  is  not  exactly  in  the  termination  of  the  optic  axis; 
the  vertices  of  both  surfaces  of  the  lens,  and  even  the  different  layers  of  the  lens  itself,  are  not 
exactly  in  the  optic  axis.  The  variations,  however,  and  the  disturbances  produced  thereby,  are 
very  small  indeed. 

Regular  Astigmatism. — When  the  curvature  of  the  refractive  surfaces  of 
the  eye  is  unequally  great  in  its  different  meridians,  of  course  the  ra3rs  of  light 
cannot  be  united  or  focussed  in  one  point.  Generally,  in  such  cases,  the  cornea 
is  more  curved  in  its  vertical  meridian  and  least  in  the  horizontal  (as  is  shown 
by  ophthalmometric  measurements,  p.  953).  The  rays  passing  through  the 
vertical  meridian  come  to  a  focus,  firsts  in  a  horizontal  focal  line  ;  while  the 
rays  entering  horizontally  unite  afterwards  in  a  vertical  line.  There  is  thus  no 
common  focus  for  the  light-rays  in  the  eye ;  hence  the  name  **  astigmatism." 


Fig.  669. 

Action  of  an  astigmatic  surface  on  a  cone  of  light  \^Frost\ 

The  lens  also  is  unequally  curved  in  its  meridians,  but  it  is  the  reverse  of  the 
cornea ;  consequently,  a  part  of  the  inequality  of  the  curvature  of  the  coraea 
is  thereby  compensated,  and  only  a  part  of  it  affects  the  rays  of  light.  The 
emmetropic  eye  has  a  very  slight  degree  qf  this  inequality  (normal  astig- 
matism). If  two  very  fine  lines  of  equal  thickness  be  drawn  on  white  paper, 
so  as  to  intersect  each  other  at  right  angles,  it  will  be  found  that,  in  order  to 
see  the  horizontal  line  quite  sharply,  the  paper  must  be  brought  slightly  nearer 
to  the  eye,  than  when  we  focus  the  vertical  line.  When  the  inequality  of  cur- 
vature of  the  meridians  is  considerable,  of  course  exact  vision  is  no  longer 
possible. 

Fig.  669  shows  the  effect  of  an  astigmatic  surface  on  the  rays  of  light  Let  a  d  c  dbe  such 
a  surface,  and  suppose  diverging  rays  to  proceed  from  /.  The  rays  p>assing 
through  c  d  come  to  a  focus  at  /,,  while  those  passing  through  the  vertical 
meridian  are  focussed  at  f^.  The  outline  of  the  cone  of  ra3rs  l^ween  abed 
and  y^  varies,  as  shown  in  the  figure.  At  a  certain  part  it  is  oval,  with 
its  axis  vertical,  at  another  the  long  axis  of  the  oval  is  horizontal,  while  at 
other  places  it  is  circular,  or  the  rays  are  focussed  in  a  horizontal  or  vertical 

line.3 

Correction  of  Astigmatism. — This  condition  b  corrected  by  a  cylin- 
drical lens,  t.^.,  a  lens  so  cut  as  to  be  without  curvature  in  one  direction, 
while  in  the  other  direction  (vertical  to  the  former)  it  is  curved.  The  lens 
is  placed  in  front  of  the  eye,  so  that  the  direction  of  its  curvature  coincides 
with  the  direction  of  least  curvature  of  the  eye  {v.  Helmholtty  JCnapp, 
Danders).  The  section  C  a  b  c  d  oi  the  cylindrical  lens  (fig.  670)  repre- 
sents a  plano-convex,  the  section  C  a  ^  7  d,  a  concavo-convex  lens. 

[Test. — Draw  two  lines  of  equal  thickness  at  right  angles  to  each  other. 
An  astigmatic  person  cannot  see  both  lines  with  equal  distinctness  at  the 
same  time,  one  line  will  appear  thicker  than  the  other.  Or  a  series  of  lines 
radiating  from  a  centre  maybe  used  (astigmatic  clock,  fig.  671)  when 
that  line  which  is  parallel  to  the  astigmatic  meridian  will  be  seen  most  Cylindrical  glasses 
distinctly ;  while,  with  the  vertical  meridian  most  curved,  it  would  be  the  for  astigmatism. 
vertical  line.] 

Irregular  Astigmatism. — Owing  to  the  radiate  arrangement  of  the  fibres  in  the  interior  of 
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Fig.  670. 
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the  crystalline  lens,  and  in  consequence  of  the  unequal  course  of  the  fibres  within  the  differem 
parts  of  one  and  the  same  meridian  of  the  lens,  the  rays  of  light  passing  through  one  meiKiian 
of  the  lens  cannot  all  be  brought  to  one  focus.  Hence,  we  do  not  obtain  a  distinct,  shazp 
image  of  distant  luminous  points,  such  as  stars  or  street  lamps,  but  we  see  a  radiate  jagged 
figure  provided  with  rays.  The  same  obtains  on  holding  a  piece  of  cardboard  with  a  sosaD 
hole  in  it  towards  the  light,  at  a  distance  from  the  eye  slightly  greater  than  the  far  poiot 
Slight  degrees  of  this  irregular  astigmatism  are  normal,  but  when  it  is  highly  developed  it  gxtadj 
interferes  with  vision,  by  forming  several  foci  of  an  object  instead  of  one  (Pol3ropiA  mooocu- 
laris).    Of  course  this  condition  cannot  obtain  in  an  eye  devoid  of  a  lens. 

392.  Iris. — Functions. — i.  The  iris  acts  like  a  diaphragm  in  an  optical 
apparatus  by  cutting  off  the  marginal  rays,  which,  if  they  entered  the  eye, 
would  cause  spherical  aberration^  and  thus  produce  indistinct  vision  (fig.  658}. 
2.  As  the  pupil  contracts  strongly  in  a  bright  light,  and  dilates  when  the 
light  is  feeble,  it  regulates  the  amount  of  light  entering  the  eye  \  thns, 
fewer  rays  enter  the  eye  when  the  light  is  strong  than  when  it  is  feeble. 

3.  To  a  certain  extent  it  support 
the  action  of  the  ciliary  muscle. 

Muscles  and  Nerves. — ^Thc  iris 
is  usually  described  as  being  provided 
with  two  sets  of  nmscular  fibres— 
the  sphincter,  which  immediatdj 
surrounds  the  pupil  and  is  supplied 
by  the  oculomotorius  (§  345,  2),  and 
the  dilator  pupillae  (p.  937),  sup- 
plied chiefly  by  the  cerviad  sympa- 
thetic (§  356,  A,  i),  and  the  tr^ 
minus  (§  347,  3).  Both  musdes 
stand  in  an  antagonistic  relation  to 
each  other  (§  345),  the  pupil  dilates 
moderately  after  section  or  paralyse 
of  the  oculomotorius,  owing  to  the 
contraction  of  the  dilator  fibres  which 
are  supplied  by  the  cervical  sympi- 
thetic ;  conversely  the  pupil  contract 
when  the  sympathetic  b  divided  or 
extirpated  (JPetit,  1727).  When  both 
nerves  are  stimulated  simultaneously,  the  pupil  contracts,  so  that  the  excitability 
of  the  oculomotorius  overcomes  the  sympathetic. 

[The  existence  of  a  dilator  pupilUe  muscle  is  not  universally  recognized*  and  in  &ct 
some  observers  doubt  its  existence.  The  muscular  nature  of  the  radial  fibres  in  the  postcfiar 
limiting  membrane  of  the  iris  is  denied  by  Grttnhagen,  while  Koganei  regards  these  as  m  bo 
case  muscular,  and  the  dilating  fibres  as  represented  by  fibres  radiating  from  the  iris.  Tbae 
fibres  are  well  developed  in  birds  and  the  otter,  exist  in  traces  in  the  rabbit,  and  are  absent  ia 
man.  Gaskell  points  out  that  in  this  case  the  size  of  the  pupil  most  in  part  depend  00  tk 
elasticity  of  the  radial  fibres  of  the  iris,  while  the  dilator  nerve-fibres  must  act  qd  the  sphiader 
fibres,  causing  them  to  relax.  Gaskell  groups  the  sphincter  of  the  iris  with  those  mosde 
"  supplied  by  two  nerves  of  opposite  character,  the  one  motor,  the  other  inhibitary/^  TIk 
dilatation  of  the  pupil  caused  by  stimulation  of  the  cervical  sympathetic  is  usaaUy  ezplaioed  br 
the  hypothesis  that  this  nerve  contains  motor  fibres,  which  act  on  the  dilator  fibres.  Grilnhi^ 
thought  that  it  might  be  due  chiefiy  to  the  constriction  of  the  blood-vessels  of  the  ins ;  Gaskdi 
suggests  that  the  nerve  acts  on  the  sphincter  muscle,  and  is  the  inhibitory  nerve  of  that  aaasde, 
dilatation  taking  place  because  the  sphincter  is  normally  in  a  condition  of  tonic  cootradioii,  u^ 
also  because  the  posterior  limiting  membrane  is  elastic] 

Nerves  of  the  Iris. — Amstein  and  A.  Meyer  have  studied  the  mode  of  terminatioD  of  tk 
nerve-fibres  in  the  iris.  All  the  medullated  nerve-fibres  lose  their  white  sheaths  after  a  tiae , 
most  of  the  fibres  (motor)  in  the  region  of  the  sphincter  consist  of  naked  bundles  of  fiibcik.  A 
network  of  very  delicate  sensory  nerves  lies  under  the  anterior  epithelium.  Numeroos  fibrifc 
pass  to  the  capillaries  and  arteries  as  vaso-motor  nerves.  [Many  ganglionic  cells  arc  int«rc*iai!e»i 
in  the  course  of  the  fibres.] 


Fig.  671. 
Astigmatic  clock  for  testing  astigmatism. 
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Movements  of  the  iris  occur  under  the  following  conditions : — 
I.  Action  of  light  on  the  retina  causes  (according  to  its  intensity  and 
amount)  a  corresponding  contraction  of  the  pupil ;  the  same  effect  is  pro- 
duced by  stimulation  of  the  optic  nerve  itself  {Ilerbert  Mayo),  This  movement 
is  a  reflex  act  [the  afferent  nerve  being  the  optic  and  the  efferent  tht  oculomo- 
torius ;  the  impulse  is  transferred  from  the  former  to  the  latter  in  a  centre 
situated  somewhere  below  the  corpora  quadrigemina  (flg.  672,  C)]. 

The  older  observers  locate  the  centre  in  the  corpora  quadrigemina,  the  recent  observers  in  the 
medulla  oblongata  ({  362).  Both  pupils  alwa3rs  react,  although  only  one  retina  be  stimulated ; 
generally  under  normal  circumstances  both  contract  to  the  same  extent  {JDonders)^  owing  to  the 
intercentral  communication  [coupling]  of  the  two  pupillo-constricting  centres.  [This  is  called 
consensual  contraction  of  the  pupil.]  After  section  of  the  optic  nerve  the  pupil  dilates,  and 
subsequent  section  of  the  oculomotonus  no  longer  produces  any  further  dilatation  (HTnc/l). 

a.  The  centre  for  the  dilator  fibres  of  the  pupil  (pupillo-dilating  centre)  is  excited  by 
dyspHctic  blood  ({  367,  8).  If  the  dyspnoea  ultimately  passes  into  asphyxia,  the  dilatation  of  the 
pupil  diminishes.  Of  course,  if  the  peripheral  dilating  fibres  ({  247,  3)  \e,  g,,  the  S3rmpathetic 
nerve  in  the  neck]  be  previously  divided,  this  effect  cannot  take  place,  as  the  dyspnoeic  blood 
acts  on  the  centre  and  not  on  the  nerve-fibres. 

3.  The  centre,  as  well  as  the  subordinate  <<  cilio-spinsl  region  "  of  the  spinal  cord  ({  362, 
i),  is  also  capable  of  being  excited  reflezly;  painful  stimulation  of  sensory  nerves,  in  addition 
to  causing  protrusion  of  the  eyeballs  ({  347)»  a  fact  proved  in  the  case  of  persons  subjected  to 
torture,  produces  dilatation  of  the  pupils  (Arndt^  Bernard,  IVestphal,  LucAsinger) ;  while  a 
siinilar  effect  is  caused  by  labor  pains,  a  loud  call  in  the  ear,  stimulation  of  the  nerves  of  the 
sexual  organs,  and  even  by  slight  tactile  impressions  (Fod  and  Schiff),  According  to  Bechterew, 
the  foregoing  results  are  due  to  inhibition  of  the  li||ht-reflex  in  the  sense  expressed  in  {  361,  3. 

4.  The  condition  of  the  blood-vessels  of  the  iris  infiuences  the  size  of  the  pupil ;  all  condi- 
tions causing  injection  or  congestion  of  these  vessels  contract  the  pupil,  all  conditions  diminish- 
ing them  dilate  it.  The  pupil,  therefore,  is  contracted  by  forced  expiration^  which  prevents 
the  return  of  venous  blood  from  the  head ;  momentarily  by  every  pulse-beat,  owing  to  the  dias- 
tolic filling  of  the  arteries ;  diminution  of  the  intraocular  pressure,  e,  g,,  aifter  puncture  of  the 
anterior  chamber,  because,  owing  to  the  diminished  intraocular  pressure,  there  is  less  resistance 
to  the  passage  of  blood  into  the  blood-vessels  of  the  iris  {flensen  and  Vilckers) ;  paralysis  of  the 
▼aso-motor  fibres  of  the  iris  ({  347,  2).  Conversely,  the  pupil  is  dilated  by  cbnditions  the  reverse 
of  those  already  mentioned,  and  also  by  strong  muscular  exertion,  whereby  blood  flows  freely 
into  the  dilated  muscular  blood-vessels ;  also,  when  death  takes  place.  The  condition  of  the  fill- 
ing of  the  blood-vessels  also  explains  the  fact  that  the  pupil  dilated  with  atropin  becomes  smaller 
when  a  part  of  the  sympathetic  in  the  upper  cervical  ganglion,  carrying  the  vaso-motor  fibres  of 
the  iris,  is  excised ;  also,  that  after  extirpation  of  this  ganglion,  atropin  always  causes  a  less 
diminution  of  the  pupil  on  this  side.  The  fact  that  when  the  pupil  is  already  dilated  by 
stinaulation  of  the  sympathetic,  it  is  further  dilated  by  atropin,  is  due  to  a  diminished  injection 
of  the  blood-vessels  of  the  iris.  If  an  animal  with  its  pupils  dilated  with  atropin  be  rapidly 
bled,  the  pupils  contract,  owing  to  the  anaemic  stimulation  of  the  origin  of  the  oculomotonus 
{JIdorigpa),  The  dilatation  of  the  pupils  observed  in  cases  of  neuralgia  of  the  trigeminus  is 
partly  aue  to  the  stimulation  of  the  dilating  fibres,  partly  to  the  stimulation  of  the  vaso-motor 
fibres  of  the  iris  (J  347,  2). 

5«  Contraction  of  the  pupil  occurs  as  an  associated  movement, 
during  accommodation  for  a  near  object  (p.  957,  5),  and  when  the  eyeballs  are 
rotated  inwards^  which  is  the  case  during  sleep  {j^,  872). 

Conversely,  intense  movements  of  the  iris,  caused  by  variations  in  the  brightness  of  dazzling 
ilhinaination,  e,  g.,  of  the  electric  light,  are  followed  by  disturbing  associated  movements  of  the 
ciliary  muscle  {Ljubinsky),  In  certain  movements  discha^ed  from  the  medulla  oblongata 
(forced  respiration,  chewing,  swallowing,  vomiting),  dilatation  of  the  pupil  occurs  as  a  kind  of 
associated  movement, 

[Argyll  Robertson  Pupil. — In  this  condition  the  pupil  does  not  contract 
to  light,  although  it  contracts  when  the  eye  is  accommodated  for  a  near  object, 
vision  usually  being  normal.] 

f  The  lesion  is  situated  in  those  structures  connecting  the  afferent  and  efferent  fibres  at  their 
central  ends  (at  A  in  fig.  672),  f.  e.,  the  connection  between  the  corpora  quadrigemina  and  the 
oculomotonus.  It  is  most  fi'equently  found  in  locomotor  ataxia,  although  it  al^  occurs  in  pro- 
gressive paralysis  of  the  insane.] 
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Direcl  stimulation  «t  the  margiD  of  the  cornea  causei  dilalUJon  of  (he  pupil  (£■  H,  H'citr. ; 
in  facl,  direct  stimulation  of  drcumicribed  areai  of  the  mi^in  of  the  iris  cause*  paltial  coo- 
traction  of  the  dilator  fibres  (Btrnslein  and  DogUT).  Stimulation  near  the  centre  of  the  conei 
contracts  the  popil  \E.  H.  Wrbrr).  In  addition,  we  must  assome  thai  the  iris  itsdf  contni 
elements  that  inHuence  the  diameter  of  the  pupil  (.Sijf.  Mayer  and  Pribram). 

Our  knowledge  of  the  action  of  drugs  on  (be  iris  is  still  very  obscure. 
Those  substances  which  dilate  the  pupil  are  called  mydriatics,  e.  g.,  atropin, 
homatropin,  duboisin,  datuiin,  and  hyoscyamin. 

They  act  chieSy  by  paralyzing  the  oculomotorius.      But,  in  addition,  there  most  be  also  n 

effect  upon   the  dilating  fibres,  for  after  complete  paralyiis  (section)  of  the  ocnlomototiiu.  tht 

moderalt  dilatation  of  the  pupil  thereby  produced   (!   345,  5)   is   still  fnitber   inaeliEd  iij 

atropin.     Minimal  deus  of  atropin  coDlraCt   the  pupil,  owing  to  Aimnlatioo  of  the  pqiib- 

Conilnctor  iibrei ;  enotrmina  dosei  cause  moderate  dilatation  of  the  pupil  in   conseqiKDCe  <£ 

paralysis  of  the  dilating  as  well  as  of  the  constricting  nerre-fibies.     Atropin  acti  after  deslrac- 

tion  of  Ibe  ciliary  [<^htba|[nic]  ganglion  (//nun 

^  and    VSIcten)    [and   division  of    ^    the  DCii« 

except  the  optic],  and  in  the  CKCiied   eye  fZV 

Ruyter),  [so  that  atropin  is  a  local  mydiiahc 

In  moderate   dcaes    U    paralyses    the    nerrMi 

terminalions  of  the  3d   nerre  (but  Dot  in  hildi 

whose  iris  contains  striped  nmsclc).  and  in  luga 

doMK    it    also    paralyzes   the    mnacnlar    fibnt], 

[Cocaine,  or  cucaine,  is  obtained  from  the  la<o 

of  Eiytbroxylon  coca.     When  iq^fdied  localliil 

act*  as  a  powerful  local  aiuctthetic,  and  bom  it 

is  very  useful   for  operation*  abont   the    mBiE- 

cutaneous    orifices.       A     4    per    ceiM.    loli^im 

dropped  into  the  eye  produces  nxoplcte  iBtena- 

tulity  of  ihe  cnmea  in  a  few  mmnte.     It  caesa 

dilatation   of   the    pupils,  though   they  read  t£i 

light  and  to  the  moTetnents  of  acconuoodalica. 

It  also  causes  temporary  paralysis  of  acconmo- 

datioa.  a  teosation  of  heavinem  and  oddnev  <i 

the  eyeball,  enlargement  of  the  palpebral  num. 

■   coQstrictioD   of  the  small  pet^>lieral  Ycisds.  ud 

slight  Uchiymation.] 

Myotics  are  those  substances  vhidi 

"  contract  the   pupil :     E^hysostigmiii 

^'^■^l'^-  (~  Eserin,  the  alkaloid  of  Calabar  bein), 

Scheme  of  the  nerves  of  the  iris.  B,centnim  nicotin,    pilocarpin,   muscarin,    morphii, 

tnMici:  C,  oculomotor  ceotre ;  D,  dilator „,j:„„  ,„  ,™_  „!,„_■,„„/ j"--—-   i.,— 

cStre{spinJ);E,  iris  j  G,  opic  nerve  j  according  to  some  observers  (Cr««44,'«. 

H,  oculomotor  (sphincter)  roots ;  T,  lym-  cause    Stimulation    of  the   OCulomolona' 

Cbetic  (dilator);  K,  L,  anterior  roots;  while  Others  say  they  paralyze  thesympa- 

N, O, posterior ro«tt ;  A.seatof  lesion,  thetic. 

As  these  substances  cause  spasm  of  the  dBan 
mnscle,  it  is  supposed  that  the  fir«  of  ihoc 
has  an  analogous  action  on  the  sphincter.  It  is  probablt  that  Ihey  paralyie  the  dilator  tibis 
and  stimulate  the  oculomotor  fibres.  [Amongst  local  myotics,  1. 1.,  those  which  act  (■>  the  rn. 
some  act  on  the  muscular  fibres  of  Ihe  iris,  t.  g.,  physosttgmin  or  eserin,  while  otheis  act  co  ttic 
peripheral  terminations  of  the  3d  nerre,  e.  g.,  pilocarpin,  muscarin.  Muscarin  causes  very  grca 
contraction  of  the  pupii  (rom  spasm  of  the  circular  fihres,  due  to  its  action  on  the  3d  xm. 
eserin,  on  the  other  hand,  although  contracting  the  pupil,  also  affects  the  dilator  fibres.  The 
contraction  of  the  pupil  due  to  opium  is  central  in  its  cause.] 

If  the  one  pupil  be  contracted  or  dilated  by  these  substances  the  other  pupil  conftisd;  a 
dilated  or  contracted,  owing  to  the  change  in  the  amoutil  of  Light  admitted  into  the  eye  inn 
which  the  pdson  has  been  introduced.  The  anastbetics  (ether,  chloroform,  alcohol,  tK.),  whci: 
they  begin  to  cause  stupor,  contract  the  popil,  and  when  their  sction  is  intense  they  dSiM  i: 
{Dogierf.  Chloroform,  daring  the  stage  when  it  causes  excitement  (precedir^  the  aaroMi'l. 
stimulates  the  centre  lot  the  dilatation  of  the  pupil;  after  a  time  tlus  centre  is  paralyied,  so  tbs 
the  pn[n1  no  longer  dilates  on  the  application  of  external  stionili.     Thereafter  the  papiDo-CM 
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ilrictor  centre  is  uimulated,  whereby  the  pupil  tnaj'  be  conlracled  to  the  si 
Dltimatety  this  cenlie  ii  paralyzed,  and  the  pupil  becomes  dilated. 

Intraocular  Pleasure. — The  movement*  of  the  irii  are  always  accompanied  by  varifliions  of 
the  inlraocnlar  pressure.  The  muscles  of  the  iris  affect  the  intraocuiar  pressure,  in  that  the 
dilatalion  of  the  pupil  increases  it,  while  contraction  of  the  pupil  diminishes  it.  The  increased 
□r  diminished  tension  can  be  fell  when  two  fingers  are  pressed  on  the  eyeball.  StiniulBlion  of 
the  sympathetic  increase*,  while  its  section  diminishes  the  presiiire.  Action  of  Druga. — 
Atroprio  dropped  to(o  the  eye.  alter  producing  a  short  lemporary  diminution  of  the  tendon,  in- 
creases il ;  e*eria,  after  a  primary  increase,  causes  a  diminution  of  the  pressure  (Cras^r  and 
HSUit).  According  to  Hocker,  atropin  diminishes  the  intraoeultr  presstut,  eserin  hrat  increase) 
It  and  then  diminishes  il. 

Time  for  Hovementa  of  Iria. — The  reflex  dilatation  of  the  pupil  occuis  slightly  later 
than  the  reflex  contraction,  the  time  in  the  two  cases  being  0.5  and  0.3  second  respectively,  aCler 
stimulation  by  light  (v.  Vintttknau).  A  certain  Hmi  always  elapses,  until  the  iris,  conespond- 
ing  to  the  strength  of  the  stimulus  of  light  excitii^  the  retina,  "  adapts"  itself  to  produce  a  suitable 
liie  of  the  pupil  (Aabtrt').  Contraction  of  the  pupil  occurs  very  rapidly  after  stimulation  of  the 
oculomolorius  in  birds;  in  rabbits  0.89  second  elapses  after  stimulation  of  the  sympathetic,  until 
the  dilatation  begini  {ArU). 

Action  of  Light  on  Excised  Eye. — Light  causes  contraction  of  the  pupil 
in  the  excised  eye  of  amphibians  and  fishes  (Arnold).  Even  the  iris  of  the  eel, 
when  cut  out  and  placed  in  normal  saline  solution,  contracts  to  light  {^Arnold), 
the  green  and  blue  rays  being  most  active.  Increase  of  the  temperature  causes 
mydriasis  in  the  excised  eye  of  the  frog  or  eel,  while  cooling  causes  myosis  {.H, 
Muller). 

tSize  of  the  Pupil. — A  pupUometer  consists  of  ■  metal  plate  perforated  with  a  series  of 
H  of  different  sixes  (fig. 
673).  The  plate  U  placed 
just  below  the  patient's 
eye,  and  the  hole  i* 
selected      which     corre- 

Knds  with  the   sire  of 
pupil.] 
[Oorbam's     Pupil 
Photometer. — This   b- 
genions  instrument   may 
be  used  as  a  pupilome- 
ter,  and  alto  as  a  pbotometer.     It  cansis 
in.  diameter  (Ggs.  674  and  675).   One  end 
by  a  series  of  boles  at  distances  varying  from  .05 


Fig.  673- 

Pupilometer  of  Edgar  Browne. 


f"ig.  674.  Fig.  675. 

Gorham'a  pupil  photometer.  Fig.  674  shows  the  disc  with  a  slot  and  two  holes.  Fig.  675  gives 
a  side  tiew  with  the  diameter  of  the  pupil  marked  on  it.  The  upper  end  is  closed  by  the 
disc,  while  the  lower  end  is  open. 

allows  one  pair  of  holes  to  be  Ttsible  at  a  time,  while  on  the  cylinder  is  engraTed  the  linear  dis- 
Unce  of  each  pair  of  holes.  In  using  the  instrument  ■*  a  papilometer,  look  through  the  open 
end  of  the  lube  (the  bottom  in  fig.  675),  with  both  eyes  open,  towards  a  sheet  of  white  paper  or 
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tbe  sky.  when  two  disci  of  light  will  be  seen.  Then  tctoIvc  (he  lid  or  cap  slowly  naiQ  ibe  two 
■trhite  iitct/uit  f<iu(A  oni  anothfr  at  their  edget.  The  decimal  fnction  opposite  (be  two  ipatans 
seen  on  the  icile  oiutiile  indicates  tbe  diuoeter  of  ihe  pupil  in  lootbs  of  an  ioch.  ^Vbe(l  oa^ 
it  u  a  pkatamcter,  it  is  assumed  that  tbe  siie  of  (be  pupil  gives  *n  iudei  of  tbe  intensilT  of  the 
•mount  of  tight  which  inHuences  tbe  diameter  of  tbe  pupiL] 

[The  following  table  from  Beaunia  shows  the  chief  conditJODs  which  affect 
the  pupil : — 


Contraction  of  the  Pupil. 
Stimulation  of  tbe  optic  nerve. 
Stimulation  of  the  third  cranial  nerve. 
Section  of  (he  6fth  cranial  nerve. 
Section  or  panlyut  of  the  cervical  sjrm- 

Paralysis  of  the  vaso-motor  lit>res  of  the 

Fitliog  of  the  veiseli  of  Ibe  iris. 

Light  acting  on  (he  retina,  or  directlj  on 

the  inx. 
Accommodation  for  a  near  object 
RotatioD  of  tbe  ejeball  inwards. 


Punaure  of  Ihe  aoierior  chamber. 

Myotics  (Calabar  bean,  nicotin,  opi 

Aoaatheties  (at  fiiS). 

Heat. 


Dilatation  of  the  PupiL 
Section  of  tbe  optic  nerve. 
Paralysis  of  the  third  cranial  nerve. 
Stimulation  of  the  fifth  cranial  nerve. 
StimnUtion  of  the  sympathetic 

Slimnlalion  of  the   vaso-motor   Bins  of 

the  iris. 
Contraction  of  (he  vessels  c^the  iris. 
Stimulation  of  sensoiy  nerves. 

Vitioo  of  distant  objects. 
Rotation  of  the  eyeball  outwards 
Increase  of  the  inlra-ocnlar  pressure. 
Stimulation  of  the   maisin  of  Ihe  iiia  or 

Inspiratitm,  dyspncea,  asphyxia. 

Syncope  and  approach  of  death. 

Mydriatics  (aliopin). 

ADsestbelio  (at  Ibe  end). 

Cold. 

Strong  muscular  conliadion.] 


Fig.  676. 
Entoptical  Shadows. 

393.  ENTOPTICAL    PHENOMENA.— Entoptical   phcDomena 

depend  upon  the  perception  of  objects  present  within  the  eyeball  itself. 

I.  ShadowB  are  formed  upon  the  retina  by  different  opaque  bodies.  In  order  to  sec  then  is 
one's  own  eye,  proceed  thus :  By  means  of  a  strong  convex  lens  prefect  a  small  im«t^r  of  a  fliDC 
upon  a  paper  screen,  prick  a  small  opening  through  tbe  image  of  (he  flame,  and  place  oat  eyi 
at  tbe  other  side  of  the  screen,  so  tba(  (be  illnmioated  puncture  lies  in  tbe  anterior  focus  of  ^ 
eye,  1,  f.,  about  13  mm.  in  front  of  the  cornea.  As  tbe  rays  proceeding  from  this  piaat  pas 
parallel  through  (he  media  of  tbe  eye,  a  diffuse  bright  held  of  vision,  surrounded  by  Ihe  ijbd 
mai^ns  of  (he  iris,  is  ob(ained.  All  dark  bodies  which  lie  in  tbe  course  of  tbe  rays  of  5c^ 
throw  a  shadow  upon  the  retina,  and  appear  as  specks.  There  are  varioQ*  kinds  of  ibese  da&nn 
(fig.  676)  :- 

(a)  The  apectrum  roucrO'lacrimale,  espedally  upon  the  margin  of  tbe  eyelids,  depeoAaf 
upon  paiticles  of  mncns,  fal  globules  from  the  Meibomian  glands,  dust  mixed  with  tean,taSSE( 
cloudy  or  drop-like  retinal  shadows,  which  are  removed  by  winking. 

(b)  Folds  in  the  Cornea. — If  Ihe  cornea  be  pressed  laterally  with  the  finger,  wiiiikled  dad- 
ows,  due  to  temporary  wrinkles  in  the  ccHroea,  are  produced. 
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(c)  Lens  Shadows. — Bead-like  or  dark  specks,  bright  and  star-like  figures,  the  former  due 
to  deposits  on  and  in  the  lens,  the  latter  to  the  radiate  structure  of  the  lens. 

(d)  Muscse  volitantes  (DechaUs^  1690),  like  strings  of  beads,  circles,  groups  of  balls  or 
pale  stripes,  depend  upon  opaque  particles  (cells,  disintegrating  cells,  granular  fibres)  in  the 
vitreous  humor.  They  move  about  when  the  eye  is  moved  rapidly.  Lbting  [1845]  showed 
that  one  may  determine  pretty  accurately  the  position  of  these  objects.  Whilst  making  tne  obser- 
vation upon  one's  own  eyes,  raise  or  depress  the  source  of  light ;  those  shadows  which  are 
caused  by  bodies  on  a  level  with  the  pupil  retain  their  relative  positions  in  the  bright  fields  of 
vision.  Shadows  which  appear  to  move  in  the  same  direction  as  the  source  of  light  are  caused 
by  bodies  which  lie  in  front  of  the  plane  of  the  pupil — those,  however,  which  appear  to  move  in 
the  opposite  direction,  depend  upon  objects  behind  the  plane  of  the  pupil. 

2.  Purkinje's  figure  (1819)  depends  upon  the  blood-vessels  within  the  retina,  which  cast 
a  shadow  upon  the  most  external  layer  of  the  retina,  viz.,  upon  the  rods  and  cones,  these  being 
the  parts  aaed  upon  by  light.  In  ordinary  vision  we  do  not  observe  these  shadows.  According 
to  V.  Helmholtz,  this  is  due  to  the  fact  that  the  sensibility  of  the  shaded  parts  of  the  retina  is 
greater,  and  their  excitability  is  less  exhausted  than  all  the  other  parts  of  the  retina.  As  soon, 
however,  as  we  change  the  position  of  the  shadow  of  the  blood-vessels,  instead  of  being  directly 
behind,  so  that  the  blood-vessels  come  to  lie  more  laterally  and  behind  them,  ue.^  upon  places 
which  do  not  receive  shadows  from  the  blood-vessels  when  the  rays  of  light  pass  througn  the 
eye  in  the  ordinary  way,  then  the  figure  of  the  blood-vessels  becomes  apparent  at  once.  All  that 
is  necessary  is  to  cause  the  light  to  enter  the  eyeball  obliquely.  Methods. — (i)  This  may  be 
done  by  passing  an  intense  light  through  the  sclerotic,  ^.^.,  by  throwing  upon  the  sclerotic  a 
small,  bright,  luminous  image  from  a  source  of  light.  On  moving  the  source  of  light,  the  %are 
of  the  blood-vessels  moves  in  the  same  direction.  (2)  Look  directly  upwards  to  the  sky,  wink 
with  the  upper  eyelid  drooping,  so  that  for  a  moment,  corresponding  to  the  act  of  winking,  rays 
of  light  enter  obliquely  the  lowest  part  of  the  pupils.  (3)  Look  through  a  small  aperture  towards 
a  bright  sky,  and  move  the  aperture  rapidly  to  and  fro,  so  that  finom  both  sides  of  the  blood-vessels 
shadows  fiedl  rapidly  upon  the  nearest  series  of  rods  and  cones.  (4)  In  a  darkened  room  look 
straight  ahead,  and  move  a  light  to  and  fro  close  under  the  eyes.  Occasionally,  whilst  performing 
this  experiment,  one  may  see  the  macula  lutea  as  a  non-vascular  shaded  depression,  and  owing 
to  the  inversion  of  the  objects,  it  lies  on  the  inner  side  of  the  entrance  of  the  optic  nerve. 

3.  Movements  of  the  Blood-corpuscles  in  the  Retinal  Capillaries. — On  looking,  without 
accommodatinfi;  the  eye,  towards  a  large  bright  sur&ce,  or  through  a  dark  blue  glass  towards  the 
sun,  we  see  bnght  spots,  like  points,  forming  longer  or  shorter  chains,  moving  in  tortuous  paths. 
The  phenomenon  is,  perhaps,  caused  by  the  red  blood-corpuscles  (in  the  capillaries  posterior  to 
the  external  granular  layer]  acting  as  small  light-collecting  concave  discs,  concentrating  the  light 
falling  upon  them  from  brignt  surfaces,  and  throwing  it  upon  the  rods  of  the  retina.  Each  cotpuscle 
must  be  in  a  special  position ;  should  it  rotate,  the  phenomenon  disappears.  Vierordt,  who 
projected  the  movement  upon  a  screen,  calculated,  from  the  velocity  of  their  motion,  the 
velocity  of  the  blood-stream  in  the  retinal  capillaries  as  equal  to  0.5  to  0.75  mm.  in  a  second, 
which  corresponds  very  closely  with  the  results  obtained  directly  in  other  capillaries  by  E.  H. 
Weber  and  Volkmann  ({  90,  4).  When  the  carotids  are  compressed,  the  movement  b  slower  on 
freeing  them  from  the  compression  ;  during  short  forced  expirations  the  movement  is  accelerated 
(JLandois), 

4.  The  entoptical  pulse  (J  79, 2)  depends  upon  the  pulsating  arteries  irritating  mechanically 
the  rods  lying  outside  them. 

5.  Pressure  Phosphenes. — Pressure  applied  to  the  eye  causes  a  series  of  phenomena :  (a) 
Pressure  upon  part  of  the  eyeball  causes  the  so-called  illuminated  "  pressure-picture "  or 
pbosphene,  which  was  known  to  Aristotle.  As  the  impression  upon  the  retina  is  referred  to 
something  outside  the  eye,  the  phosphene  b  always  perceived  on  the  side  of  the  field  of  vision 
opposite  to  where  the  pressure  affects  the  retina,  e,g,^  pressure  upon  the  otUer  surface  of  the 
eyeball  causes  the  flash  of  Ught  to  appear  on  the  inner  side.  If  the  retina  is  not  well  lighted, 
the  phosphene  appears  luminous ;  if  the  retina  is  well  lighted,  it  appears  as  a  dark  speck,  within 
which  the  visual  perception  is  momentarily  abolished.  (^)  If  a  uniform  pressure  be  applied  to 
the  eyeball  continuously  fix>m  before  backwards,  as  Purkinje  pointed  out,  after  some  time  there 
a{q>ear  in  the  field  of  vision  very  sparkling  variable  figures  which  perform  a  wonderful  fantastic 
play,  and  often  resemble  the  sparkling  effects  obtained  in  a  kaleidoscope  {v,  Helmholt%\  and  are 
probably  comparable  to  the  feeling  of  formication  produced  by  pressure  upon  sensory  nerves  f'^sleep- 
ing  of  the  limbs '').  {c)  By  applying  equable  and  continued  pressure,  Steinbach  and  Purkinje  oo- 
served  a  network  witn  moving  contents  of  a  bluish-silvery  color,  which  seemed  to  correnx>nd  to  the 
retinal  veins.  Vierordt  and  Laiblin  observed  the  brandling  of  the  blood-vessek  of  the  choroid 
as  a  red  network  upon  a  black  ground,  [d)  According  to  Houdin,  we  may  detect  the  position 
of  the  yellow  spot  by  pressure  upon  the  eyeball. 

6.  The  entrance  of  the  optic  nerve  may  be  detected  on  moving  the  eyes  rapidly  backwards, 
and  especially  inwards,  as  a  fiery  ring  or  semicircle  about  the  size  of  a  pea.     Probably,  owing  to 
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the  movement  of  the  retina,  the  entrance  of  ihe  optic  nerve  is  stimulated  mechanicallj  by  the 
rapid  bending.  Purkinje  and  others  observed  that  the  ring  remained  persistent  on  tummg  tbc 
eye  strongly  inwards.  If  the  retina  be  brightly  illuminated,  the  ring  appears  dark,  and  when  the 
field  of  vision  is  colored,  the  ring  has  a  different  tint  If  Purkinje's  figure  be  pirodoced  A  tlK 
same  time,  one  may  observe  that  the  vascular  trunk  proceeds  from  this  ring— a  proof  that  the 
ring  corresponds  to  the  entrance  of  the  optic  nerve  (Landois). 

7.  Accommodation  Spot. — On  accommodating  the  eye  strongly  towards  a  white  soHace, 
there  appears  in  the  middle  a  small  bright  trembling  shimmer,  and  in  its  centre  a  coarse  brown 
speck,  about  the  size  of  a  pea,  is  seen  ^Purkinje).  If  pressure  be  applied  externally  to  the  eye- 
ball, this  speck  becomes  more  distinct.  After  having  once  observed  the  f^enomenon,  occaskw- 
ally  on  pressing  laterally  upon  the  opened  eye  we  may  see  it  as  a  bright  qieck  in  the  fieMof 
vision— another  proof  that  the  intraocular  pressure  is  increased  during  accommodation. 

8.  Mechanical  Optical  Stimulation. — On  dividing  the  optic  nerve  in  man,  as  in  extiipatioB 
of  the  eyeball,  a  flash  of  light  is  observed  at  the  moment  of  section  by  the  person  operated  (a. 
The  section  of  the  nerve-fibres  themselves  is  painless,  but  section  of  the  sheaths  is  paininl. 

g.  The  accommodation  phosphene  is  the  occurrence  of  a  fiery  ring  at  the  periphery  of  the 
field  of  vision,  seen  on  suddenly  bringing  the  eyes  to  rest  after  accommodating  for  along  time  io 
the  dark  ( PurkinjA.  The  sudden  tension  of  the  zonule  of  Zinn  resulting  firom  the  relaxatkffi 
causes  a  mechanical  stretching  of  the  outermost  part  of  the  margin  of  the  retina,  or  it  may  be 
of  a  part  of  the  retina  behind  this.  Purkinje  observed  the  phenomenon  after  suddenly  leUxii^ 
the  pressure  on  the  eye. 

10.  Electrical  Phenomenon. — Electrical  currents,  when  applied  to  the  eye,  cause  a  strong 
flash  of  light  over  the  whole  field  of  vision.  One  pole  of  the  battery  may  be  placed  on  the  under 
eyelid  and  the  other  on  the  neclc.  The  flash  at  closing  [making]  the  current  is  strongest  vitb 
an  ascending  current,  that  with  opening  [breaking]  the  current  with  a  descending  current.  If  a 
uniform  continuous  ascending  current  be  transmitted  through  the  closed  eyes,  the  dark  disc  of  the 
elevation  at  the  entrance  of  the  optic  nerve  appears  in  a  vrhixx^-vioiet  field  of  vision ;  with  t 
descending  current,  the  field  of  vision  is  reddish  and  dark,  in  which  the  position  of  the  oplic  nave 
appears  light  blue  {y,  Helmholtz).  If  external  colors  are  looked  at  simultaneously,  these  cokxs 
blend  to  form  a  violet  or  yellow  with  the  colors  looked  at  {Schelske).  During  the  passage  of  the 
ascending  current  we  see  external  objects  indistinctly  and  smaller  when  the  eyes  are  open  ;  while 
with  the  descending  current  they  are  larger  and  more  distinct  (Piller).  Sometimes  the  position 
of  the  macula  lutea  appears  dark  on  a  bright  ground,  or  the  reverse,  according  to  the  directton  <A 
the  current.  If  the  current  be  opened  [broken]  the  phenomena  are  reversed  ({  335),  and  ibe 
eye  soon  returns  to  rest. 

XX.  The  yellow  spot  appears  sometimes  as  a  dark  circle  when  there  is  a  uniform  blue  iUmni- 
nation.  In  a  strong  light  the  posidon  of  the  yellow  spot  is  surrounded  by  a  bright  area,  twice  or 
thrice  as  large,  call^  "L5we'8  ring/'  [Clerk- Maxwell's  Experiment. — On  looking  throegfa 
a  solution  of  chrome-alum  in  a  bottle  or  vessel  with  parallel  glass  sides,  we  observe  an  oval  rosy- 
purplish  spot  in  the  greenish  color  of  the  alum.    This  is  due  to  the  pigment  of  the  yellow  spx.] 

Haidinger's  Brushes. — On  directing  the  eye  towards  a  source  of  polarized  li^it,  **Haidiii- 
ger's  polarized  brushes  "  appear  at  the  point  of  fixation.  They  are  seen  on  looking  throogh  t 
Nicol's  prism  at  a  bright  cloud  {v,  Helmholi%),  They  are  bright  and  bluish  on  a  surface,  boended 
by  two  neighboring  hyperbola  on  a  white  field ;  the  dark  bundle  separating  them  is  smallest  i& 
the  centre  and  yellow.  Of  the  various  colors  of  homogeneous  light,  blue  alone  shows  the 
brushes  {Stokes),  According  to  v.  Helmholtz,  the  seat  of  the  phenomenon  is  the  yeUov  spot, 
and  is  due  to  the  yellow-colored  elements  of  the  yellow  spot  being  slightly  doubly  relractire, 
while  at  one  part  they  absorb  more,  at  another  less,  of  the  rays  entering  the  eye. 

I  a.  Lastly,  there  are  the  visual  sensations  depending  on  internal  causes,  ^^.,  incnesed 
bounding  of  the  blood  through  the  retina,  as  during  violent  coughing,  increased  intraocular  pres- 
sure. Stimulation  of  the  visual  areas  ({  378,  IV)  may  produce  spectra,  which  Cardanns  (1550). 
Goethe,  Nicolai,  and  Johannes  MUller  could  produce  voluntarily. 

394.  ILLUMINATION  OF  THE  EYE.— OPHTHALMa 
SCOPE. — The  light  which  enters  the  eye  is  partly  absorbed  by  the  bUfk 
uveal  pigment,  and  partly  again  reflected  from  the  eye,  and  always  in  the 
same  direction  in  which  the  rays  entered  the  eye.  By  placing  oneself  in  front 
of  the  eye  of  another  person,  of  course  the  head,  being  an  opaque  body,  co^ 
off  a  large  number  of  rays.  Owing  to  the  position  of  the  head,  no  rajs  of 
light  can  enter  the  eye ;  and  of  course  none  can  be  reflected  back  to  tbc  eye  of 
the  observer.  Hence,  the  eye  of  the  person  being  examined  always  appcan 
black,  because  those  rays  which  alone  could  be  reflected  in  the  direction  of 
the  eye  of  the  observer  are  cut  off.     As  soon,  however,  as  we  succeed  in  causing 
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rays  of  light  to  enter  the  eye  at  the  same  time  and  in  the  same  direction  in 
which  we  observe  the  eye  of  another  person,  the  fundus  of  the  eye  appears 
brightly  illuminated. 

The  foIIowiDg  simple  arrangement  is  sufficient  for  the 
purpose  (fig.  677)  :  Let  B  be  the  eye  of  the  patient,  A 
that  of  the  observer,  and  let  a  flame  be  placed  at  x.  The 
ra3rs  of  light  proceeding  from  x  impinge  upon  the  ob- 
liquely ^Xvit^piaie  of  glass  (S.S)*  and  are  reflected  in  the 
direction  of  the  dotted  lines  into  the  eye  (B).  The  fun- 
dus of  the  eye  appears  in  this  position  to  be  brightly  illu- 
minated in  difliision  circles  around  b.    As  the  ol^rver 


X 

1 


Fig.  677. 

Arrmngement  for  examining  the  eye  of  B.    A,  eye  of  observer ;  jr,  source  of  light ;  S,  S,  plate 

of  glass  directed  obliquely,  reflecting  light  into  B. 

(A)  can  see  through  the  obliquely  placed  glass  plate  (S,  S),  and  in  the  same  direction  as  the 
refliected  rmys  (x^j^^  he  sees  the  retina  around  b  brightly  illuminated. 

In  order  that  this  method  be  made  available  for  practical  purposes,  we  must,  of  course,  be  able 
to  distinguish  the  details,  such  as  the  Uood-vessels  of  the  nindus  of  the  eye,  the  mactila  lutea, 
tbe  entrance  of  the  optic  nerve,  abnormalities  of  the  retina,  and  the  choroidal  pigment,  etc.  The 
following  considerations  show  us  how  to  proceed  in  order  to  accomplish  this.    As  already  men- 


Fig.  678. 

tioned,  and  as  fig.  658  shows,  a  small  inverted  image  is  formed  on  the  retina  (f,  d)  when  we 
look  at  an  object  ( A,  B) ;  conversely,  according  to  die  same  dioptric  law,  an  enlaiged  inverted 
real  image  of  a  small  dtttinct  area  of  the  retina  (cy  1^— depending  on  the  distance  fmr  which  the 
eye  was  accommodated)  must  be  formed  outside  the  eye  (A,  B). 

If  the  fundus  of  this  eye  be  sufficiently  illuminated,  this  aerial  image  will  be  correspondingly 
twigbt. 

In  order  to  tee  the  individual  parts  of  the  retinal  picture  more  distincdy,  the  observer  must 
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•ceommodile  his  omi  eye  for  the  poiitioii  of  thii  imiee.  I  □  such  circumit&ncei  theejeofihc 
obierver  would  be  too  Dear  the  obicTved  eje.  His  ejie  when  so  accommodAled  is  rema*ed  fnn 
the  eye  of  the  patient  by  hit  own  tIhuI  distmoce,  and  by  the  Tinial  distance  of  the  patient.    Ai 


be  seen,  and  thii  only  nadet  a  tmall  vitaal  angle,  qnite  apait  from  the  &iet  that  it  is  often  iapt 
sible  to  accommodate  fot  the  real  Image  of  Ibe  fnndns  of  the  patient. 

Hence  the  eye  of  the  obaerrer  muM  be  brooght  nearer  to  Ibe  eye  of  the  palieoL     This  tt 


Fig.  6Si. — The  entnucc  oi  the  optic  nene  with  the  adjacent  pan*  of  the  fundw  of  the  notBsI 
eye.  a,  ring  of  connectiTe-tissue ;  i,  ch(wr4dal  rii^ ;  t,  aiteriei ;  J,  veicia ;  g,  dinsioD  of 
the  central  artery;  i,  division  of  the  central  *ein;  L,  lamina  cribroa;  /,  temporal  [ortaj 
side;  n,  nasal  (innet)  side.     Fig.  681. — Morton's  ophthalmoacopc 
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(at  B),  owing  to  the  strong  lens  refracting  the  rays  of  light.  The  observer  (M)  can  come  nearer 
to  the  eye,  and  can  still  accommodate  for  the  image  of  £e  fundus  of  the  eye.  (2)  Or  a  concave 
lens  is  placed  immediately  in  front  of  the  eye  of  the  patient  Tfig.  679,  0),  The  rajrs  of  light 
emerging  finom  the  eye  of  the  patient  (P)  are  either  made  parallel  by  the  concave  lens  (p\  and 
are  brought  to  a  focus  on  the  retina  of  the  emmetropic  observer  (A) ;  or,  if  the  lens  causes  the 
rays  to  diverge  (fig.  680),  an  erect,  virtual  image  is  formed  at  a  aistance  behind  the  eye  of  the 
patient  (at  R).    In  these  cases  also  the  observer  can  go  much  nearer  to  the  eye  of  the  patient. 

The  ophthalmoscope  invented  by  v.  Helroholtz  enables  us  to  examine  the 
whole  of  the  fundus  of  the  eye. 

S Direct  Method. — Use  a  concave  mirror  of  20  centimetres  focal  distance, 
1  a  central  opening.  Reflect  a  beam  of  light  into  the  patient's  eye,  where 
the  rays  cross  in  the  vitreous  and  illuminate  the  fundus  of  the  eye.  These  rays 
again  pass  out  of  the  eye  and  reach  the  observer's  eye  through  the  central  hole 
in  the  mirror.  If  the  observer  be  emmetropic  they  come  to  a  focus  on  his  retina. 
In  this  way  all  the  parts  of  the  retina  are  seen  in  their  normal  position,  but  en- 
larged. Hence  it  is  sometimes  called  the  examination  of  the  upright  image. 
The  eye  of  the  patient  and  observer  must  be  at  rest,  1.  ^.,  be  negatively  accom- 
modated, while  the  mirror  must  be  brought  as  near  as  possible  to  the  eye  of 
the  patient.] 

[Indirect  Method,  by  which  a  more  general  view  of  the  fundus  is  obtained. 
Throw  the  light  into  the  patient's  eye  by  an  ophthalmoscopic  mirror  as  above, 
but  held  at  a  distance  of  about  35  cm.  (10  inches)  from  the  patient's  eye. 
Hold  a  biconvex  lens  of  14  dioptrics  focal  length  vertically  between  the  mirror 
and  the  patient's  eye  (fig.  678),  the  observer  looking  through  the  hole  of  the 
mirror.  What  he  does  see  is  an  inverted  aerial  image  at  B.  Only  a  small 
part  of  the  fundus  oculi  can  be  seen  at  one  time.] 

[The  ophthalmoscope,  besides  bemg  used  for  examining  the  interior  of  the  eyeball,  is  of  the 
utmost  use  in  determining  the  existence  and  amount  of  anomalies  of  refiraction  in  the  refrac- 
tive media.  For  this  purpose  an  ophthalmoscope  requires  to  be  provided  with  plus  and  minus 
lenses,  which  can  be  readiily  brought  before  the  eye  of  the  obsenrer.  This  is  roulily  done  by  an 
ingenkms  mechanism  devised  by  Conper,  and  maide  use  of  in  the  handy  students'  ophthalmoscope 
of  Morton  (fig.  682).  The  lenses  are  moved  by  a  driving-wheel  on  the  left  figure,  while  at  the 
same  time  is  indicated  at  a  certain  aperture  the  lens  presented  at  the  sight  hole,  llie  instrument 
is  also  provided  with  a  movable  arrangement  carrying  a  concave  mirror  at  either  end.  One  of 
these  mirrors  is  10  inches  in  focus,  and  is  used  for  indirect  examination  and  retinoscopy,  while 
the  other  is  of  3  inches  focus  for  direct  examination,  and  is  fixed  at  an  angle  of  25^.] 

[Retinoscopy. — The  ophthalmoscope  is  used  also  for  this  purpose.  A  beam  of  light  is  reflected 
into  the  eye  by  the  ophthalmoscopic  muror,  and  the  play  of  light  and  shade  on  the  fundus  oculi 
observed.  A  study  of  this  is  important  in  determining  anomalies  of  refraction.  For  the  method, 
the  student  is  referred  to  a  text-tMook  on  **  Diseases  of  the  Eye."] 

[Artificial  Bjre. — The  student  may  practice  the  use  of  the  ophthalmoscope  on  an  artificial 
eye,  such  as  that  of  Frost  (fig.  683)  or  Perin  or  Priestley  Smith.] 

Illumination  of  the  Retina. — In  order  to  illuminate  the  interior  of  the  eye,  v.  Helmholtz 
nsed  several  plates  of  glass,  placed  behind  each  other,  in  the  position  of  S,  S,  in  fig.  677. 
Afterwards  he  used  a  plane  or  concave  mirror  of  7  inches  focus  (fig.  677),  with  a  hole  in  the 
centre.  Fig.  681  shows  the  appearance  of  the  fiindus  of  the  eye,  as  seen  with  the  ophthalmo- 
scope. In  albinos  the  fundus  of  the  eye  appears  red,  because  light  passes  into  the  eye  through 
the  sclerotic  and  uvea,  which  are  devoid  of  pigment.  If  a  diaphragm  be  placed  over  the  eye, 
so  that  the  pupil  alone  is  free,  the  eye  appears  black  [Danders), 

Tapetum. — In  many  animals  the  eyes  have  a  bright  green  lustre.  These  t,yts^  have  a  special 
layer,  the  tapetum,  or  the  membrana  versicolor  of  Fielding ;  in  camivora  it  consists  of  cells 
[devoid  of  melanin  granules],  in  herbivora  of  fibres,  placed  between  the  capillaries  of  the  choroid 
and  the  stroma  of  the  uvea.  These  structures  exhibit  interference- colors  and  reflect  much  light, 
so  that  the  colored  lustre  appears  in  the  eye  (p.  942). 

Oblique  illumination  is  used  with  advantage  for  investigating  the  anterior  chamber.  A 
bright  beam  of  light,  condensed  by  a  convex  lens,  is  thrown  laterally  upon  the  cornea  into  the 
eye,  and  so  directed  upon  the  point  to  be  investigated  as  to  illuminate  it.  A  point  so  illuminated, 
^'  £^-9  A  P^'t  of  the  iris,  may  be  examined  fi'om  a  distance  by  means  of  a  lens,  or  even  by  a  micro* 
scope  (Liebreich). 

Orthoscope. — Czermak  constructed  this  instrument,  in  which  the  eye  is  placed  under  water 
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Is  of  a  icnall  glua  trough  with  one  of  its  walli  remoTed.    Tbe  miTgin  d 


form,  u  il  were,  the  liilh  nde  of  ihe  troagh,  which  is  Gll«l  with  wuer,  so  that  the  cornet  b 
bathed  therewith.  Ai  the  refractire  index  of  water  is  almost  the  same  as  the  refractiTe  indeicj 
the  media  of  Ihe  eye,  the  isys  of  light  pass  iiilo  tbe  eye  in  a  stnight  directioa  wiihaat  bdnc 
refracted.     Hence,  abject*  in  the  laterior  cfaamber  can  be  seen  directly,  as  if  ihey  were  not  witlra 


Fig.  683.  Fig.  68«. 

Ftom's  anilicial  eye.  Action  of  the  orthoocope. 

Ihe  eye  at  all.  Another  advantage  is  that  the  objects  can  be  brooriit  Dearer  to  tbe  eye  of  ibe 
observer.  The  rays  of  light  emei^ng  from  the  pcniit  (a)  of  the  mndiu,  if  die  eye  were  sat- 
rounded  by  air,  would  leave  the  eye  as  the  paisUcl  line*,  i,  <,  b,  c.  Under  water,  lbe*e  layi.  *. 
b,  continne  in  the  direction  a,b,nia  t&b,  d,  where  they  emerge  from  tbe  water,  and  are  heal 
from  Ihe  peipendicular  to  d,  i,  d,  e.  The  eye  of  the  observer,  looking  in  the  direcdon  e,  i,  *eo 
Ihe  poiol,  a,  nearer,  viz.,  in  the  direclion,  e,  d,  a',  lying  at  a. 

395.  ACTIVITY  OF  THE  RETINA  IN  VISION.— I.  Blind 
Spot. — The  rods  and  cones  alone  are  tbe  parts  of  the  retina  sensitive  to 
light ;  they  alone  are  excited  by  the  vibrations  of  the  ether.     This  is  con&mcd 


Fig.  685. 
Mariotle's  experiment. 

by  Mariotte's  experiment  (1688),  which  proves  that  the  entrance  of  the  optic 
nerve,  where  rods  and  cones  are  absent,  is  devoid  of  visual  sensibility.  Hence 
it  is  spoken  of  as  the  "  blind  spot." 
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[Mariotte's  Experiment. — Make  a  cross  and  a  circle,  about  3  inches 
apart,  upon  paper  (fig.  685).  Look  at  the  cross  with  the  right  eye,  keeping  the 
left  eye  closed,  and  hold  the  paper  about  a  foot  from  the  eye,  when  both  the 
cross  and  the  circle  will  be  seen.  Gradually  approximate  the  paper  to  the  eye, 
keeping  the  open  eye  steadily  fixed  on  the  cross ;  at  a  certain  moment  the  circle 
will  disappear,  and  on  bringing  the  paper  nearer  to  the  eye  it  will  reappear. 
The  moment  when  the  circle  disappears  is  when  its  image  falls  upon  the  en- 
trance of  the  optic  nerve.] 

Position  and  Size. — The  entrance  of  the  optic  nerve  lies  about  3.5  mm.  internal  to  the  visual 
axis  of  the  eyeball,  in  the  retina.  Its  diameter  is  1 .8  mm.  The  apparent  diameter  of  the  blind 
spot  in  the  field  of  vision  is  in  a  horizontal  direction  6^  56^ — ^this  lies  12^  35^  to  iS*'  55^  horizon- 
tally from  the  fixed  point.  Eleven  full  moons  placed  side  by  side  would  disappear  on  the  sur- 
fiice,  and  so  would  a  human  face  at  a  distance  of  over  2  metres. 

Ptoofs. — The  following  facts  prove  that  the  entrance  of  the  optic  nerve  is  insensible  to 
li^ht :  ( I )  Donders  projected,  by  means  of  a  mirror,  the  small  image  of  a  flame  upon  the  en- 
trance of  the  optic  nerve  of  another  person,  and  the  person  had  no  sensation  of  light.  But  a 
sensation  of  light  was  experienced  when  the  image  of  the  flame  was  projected  upon  the  neigh- 
boring parts  of  the  retina.  (2)  On  combining  with  Mariotte's  experiment  the  experiment  which 
causes  entoptical  phenomena  at  the  entrance  of  the  optic  nerve,  this  coincides  with  the  blind 

spot  (J  393.  6  and  7). 

Form  of  Blind  Spot. — In  order  to  determine  they^rm  and  apparent  site  of  the  blind  spot 
in  one's  own  eye,  fix  the  head  at  about  25  centimetres  from  a  surface  of  white  paper;  select  a 
small  point  on  the  latter  and  keep  the  eye  directed  towards  it ;  then,  starting  from  the  position 
of  the  blind  spot,  move  a  white  feather  in  all  directions  over  the  pfltper ;  whenever  the  tip  of 
the  feather  becomes  visible,  make  a  mark  at  this  spot.  The  blind  spot  may  be  mapped  out  in 
this  way.  It  has  an  irregular,  elliptical  form  from  which  processes  proceed,  due  to  the  equally 
non-sensitive  origins  of  the  large  blood-vessels  of  the  retina  {HuecU),  (Mariotte  concluded 
from  his  experiment  that  the  choroid,  which  is  perforated  by  the  optic  nerve,  is  the  membrane 
sensitive  to  light,  as  the  nerves  are  nowhere  absent  from  the  retina.) 

The  Blind  Spot  Causes  no  Appreciable  Gap  in  the  Field  of  Vision. — ^As  the  area  is  not 
excited  by  light,  a  black  spot  cannot  appear  in  the  field  of  vision,  for  the  sensation  of  black 
implies  the  presence  of  retinal  elements,  which,  however,  are  absent  firom  the  blind  spot.  The 
arcumstance,  however,  that  in  spite  of  the  existence  of  an  inexcitable 

spot  during  vision,  no  part  of  the  field  of  vision  appears  to  be  unoccu-    O  K  p 

pied^  is  due  to  a  psychical  action.    The  unoccupied  area  of  the  field  of    ^  ^  ^ 

vision,  corresponding  to  the  blind  spot,  is  filled  in  according  to  probabil- 
ity, by  a  psychical  process  {E.  H.  Weber),     Hence,  when  a  wlute  point       ■  •     v  £ 
disappears  firom  a  black  sumce,  the  whole  surfiice  appears  to  us  black ;     (j          (  6  )  [ 
a  white  surface,  from  which  a  black  point  falls  on  the  blind  spot,                  ^    ^ 
appears  quite  white ;  a  page  of  print,  gray  throughout,  etc.    According 

to  the  probabilities,  certain  parts  are  supplied — parts  of  a  circle,  the     ^im  U  J 

middle  parts  of  a  long  line,  the  central  part  of  a  cross.     Such  images,.    ^  II  I 

however,  as  cannot  be  constructed  according  to  the  probabilities,  are  not 

perfected,  ^^.,  the  end  of  a  line  or  a  human  face.  In  other  cases  the  condition  known  as 
<'  contraction  "  of  the  field  of  vision  tends  to  fill  up  the  gap.  This  will  be  evident  on  looking  at 
the  nine  adjoining  letters,  so  that  e  disappears ;  we  no  longer  see  the  three  letters  on  each  side 
of  it  in  straight  lines,  but  b,  /,  h,  d  are  turned  in  towards  e.  The  adjoining  parts  of  the  field 
of  vision  seem  to  extend  over  and  around  the  blind  spot,  and  thus  help  to  compensate  for  the 
blind  spot. 

II.  Optic  Fibres  Inexcitable  to  Light. — The  layer  of  the  Jidres  of  the 
optic  nerve  in  the  retina  is  not  sensitive  to  light.  This  is  proved  by  the  fact 
that,  in  the  fovea  centralis,  which  is  the  area  of  most  acute  vision,  there  are  no 
nerve-fibres.  Further,  Purkinje's  figure  proves  that,  as  the  arteries  of  the 
retina  lie  behind  the  optic  fibres,  the  latter  cannot  be  concerned  in  the  percep- 
tion of  the  former. 

III.  Rods  and  Cones. — The  outer  segments  of  the  rods  and  cones  have 
rounded  outlines,  and  are  packed  close  together ;  but  natural  spaces  must  exist 
between  them,  corresponding  to  the  spaces  that  must  exist  between  groups  of 
bodies  with  a  circular  outline.  These  parts  are  insensible  to  light,  so  that  a 
retinal  image  is  composed  like  a  mosaic  of  round  stones.     The  diameter  of  a 
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cone  in  the  yellow  spot  is  a  to  3.5  ^  (^M.  Sckultse).  If  two  images  of  iso 
snmll  points,  placed  very  near  each  other,  (all  upon  the  retina,  they  irill  sdli 
be  distinguished  as  distinct  images,  provided  that  both  images  fall  upon  two 
different  cones.  The  two  images  on  the  retina  need  only  be  3-4-5.4  ji  apart, 
in  order  that  each  may  be  seen  separately,  for  then  the  images  fall  npon  h.v 
adjoining    cones.     If  the  distance   be  diminished   so   very  much  that  both 


i 


Kig.  686. 
Horiionul  section  of  the  right  e;e,  a,  comoii  J,  .coDJnnctiv*;  c,  selenitic;^,  ntmn 
chamber contniDing  the  aqueous  humor;  r,  iris;  //'<  pupil;  g,  poaienoi  duoln;  ~ 
Petit'a  canal ;  J,  ciliary  muscle ;  i,  comeo-sclenl  limit ;  1,  canal  of  Schlemm  ;  m,  durnd; 
n,  Tetinai  e,  vitreous  humor;  No,  optic  nerve;  q,  Derve-sheslhs ;  /,  Dcrve-fibcts;  t 
lamina  aibnoa,  Tbe  Iidg  0  .4  indicates  Iheoptic  axis;  .Sr,tbe  axis  of  risiea ;  r.t* 
position  of  the  fovea  centralis. 

images  fall  upon  one  cone,  or  one  upon  one  cone  and  the  other  upon  the  inlet- 
mediate  or  cement  substance,  then  only  one  image  is  perceived.  The  imV 
must  be  further  apart  in  the  peripheral  portion  of  the  retina  in  order  that  lh(^ 
may  be  separately  distinguished. 
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IV.  The  fovea  centralis  is  the  region  of  most  acute  vision,  where 
only  cones  are  present,  a.nd  where  they  are  very  numerous  and  closely  packed 
(fig.  648).  The  cones  are  less  numerous  in  the  peripheral  areas  of  the  retina, 
and  consequently  vision  is  much  less  acute  in  these  regions.  We  may,  there- 
fore, conclude  that  the  cones  are  more  important  for  vision  than  the  rods. 
When  we  wish  to  see  an  object  distinctly  we  involuntarily  turn  our  eyes  so  that 
the  retinal  image  falls  upon  the  fovea  centralis.  In  doing  this,  we  are  said  to 
"fix  "  our  eyes  upon  an  object.  The  line  drawn  from  the  fovea  to  the  object 
is  called  the  axis  of  vision  (fig.  686,  Sr).     It  forms  an  angle  of  only  3.5-7" 


Fig.  687. 
U'Hardy'i  periineter.     I,  porceluo  button;  M,  bit;  E,  for  fixing  the  head; /,  i.qnadrant;  n, 
fixation  point ;  ^,  pointer  (br  piercing  the  rec<Hd  chait  held  in  the  frame  (f)  which  moves  on 
e;   D,  apright  sunmrting  the  quadrant  and  the  automalic  arrangement  of  stidei  (^i  and  i), 
which  are  moved  by  j. 

with  the  "optical  axis"  (O  A),  which  unites  the  centres  of  the  spherical 
surfaces  of  the  refractive  media  of  the  eye.  The  point  of  intersection,  of 
course,  lies  in  the  nodal  point  {JCn)  of  the  lens  (p.  976).  The  terra  "  direct 
vision"  is  applied  to  vision  when  the  direction  of  the  axis  of  vision  is  in 
line  with  the  object  [(*.;.,  when  the  image  of  the  object  falls  directly  on  the 
fovea  centralis]. 

"  Indirect  vision  "  occurs  when  the  rays  of  light  from  an  object  fall  upon 
the  peripheral  parts  of  the  retina.     Indirect  vision  is  much  less  acute  than 
the  direct.     Still  the  periphery  of  the  retina  is  in  a  high  degree  capable  of 
61 
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distinguishing   movements,   changes,   or   intennission   of  visual  impressont 

{Extur). 

To  test  the  acuity  of  direct  vision,  draw  two  fine  parallel  linn  close  to  each  otbet,  tad 
graduallf  remove  ihem  more  and  more  fiom  the  eye,  onlil  bolh  appear  almost  lo  UDite  and  Ibtm 
one  line.  The  size  of  ihe  retinal  image  may  be  ascertained  by  delerminii^  the  distance  o(  ttic 
two  lines  from  each  other,  and  the  diElance  of  (be  lines  from  the  eye,  or,  from  ihe  CMmpocidiiig 
visual  angle,  which  is  generally  from  60  lo  90  secondt. 

Perimetry. — In  order  lo  test  Indirect  vision,  we  may  use  a  perimeter. 
The  eye  is  placed  opposite  a  fixed  point,  from  which  a  quadrant  proceeds,  so 
that  the  eye  lies  in  the  centre  of  it.  As  the  quadrant  rotates  round  the  fixed 
point,  on  rotating  Ihe  former  we  can  circumscribe  the  surface  of  a  hemisphere, 
in  the  centre  of  which  the  eye  is  placed.  Proceeding  from  the  fixed  point, 
objects  are  placed  upon  semicircles,  aod  are  gradually  pushed  more  and  more 
towards  the  periphery  of  the  field  of  vision,  until  the  object  becomes  indis- 
tinct, and  finally  disappears.  The  process  of  testing  is  continued  by  placing 
the  arc  successively  in  (he  different  meridians  of  the  field  of  vision. 

[M'Hardy'a  perimeter  is  a  very  convenient  form   (fig.  687).      It  consists  of  two  uprights  (C 

and  D),  which  are  fixed  to  the  opposite  ends  of  a  flat  basal  plate  (A).    C  carries  an  airai^enKil 

for  supporting  the  patient's  head,  while  D  carries  the  automatic  arrangement  lor  the  paimenic 

record.      Both  of  these  can  he  raised  or  depressed  by  the  screws  (G  ami  i].     The  paliHit's  cbia 

rests  on  the  chin-rest  (E).  while  in  the  mouth  is  placed  Landolf's  biting  fixation  (L),  which  it 

detachable.     The  position  of  the  head  can  be  altered  by  sliding  F  on  L,  which  can  he  (iied  is 

any  position  by  the  screw  (O).     The  porcelain  button  (I)  just  below  the  patient's  eye  (/)  b  cte- 

nected  with  Ihe  adjostment  of   the  ■'  fixation  point."       The  aulomalic  recording  apparas 

consists  of  a  revolving  quadrant  (^,  A),  which  describes  a  hemisphere  round  a  boiinotal  aiii 

passing  through  the  centre  of  the  hollow  male  axle,  turning  in  Ihe  female  end  of  a.  whidi  ii 

supported  by  D.     The  quadrant  can  be  fixed  ■ 

any  point  by  g.     On  the  front  concave  snriaot 

of  the  quadrant  is  fixed  a  circular  white  piece  at 

ivory,   representing  the    "  fixation    poiiri,"  fn» 

which  a  needle  projects  and  which  is  the  ion  oi 

the  instrument.     A   carriage   (1),   in  whicb  the 

test  objects  are    placed,  can    be    moved  in  ibe 

concave  face  of  the  quadrant  by  means  of  the 

milled  head  (J),  which   moves  the  cania^  bj 

means  of  a  tooth  end  pinion  wheel.] 

[When  the  milled  bead  (»  is  tmned,  it  mom 
the  carriage  and  two  slides  (if  and  /),  the  l*a 
slides  moving  in  the  ratio  of  2  to  i.     TbeiNc 
of  the  carriage  is  so  adjusted  that  il  travels  la 
times  (aster  than  /.and  five  limes  fitster  than  i- 
The  pointer  (/)  is  connected  wiib  these  slides. 
so  that  it  moves  when  tbey  move,  and  rccaih 
its  movements   by  piercing   ihe   record   cli>% 
which  is  fixed  in  (he  double-bccd   franic  it. 
The  frame  for  ihe  reccrd  chan  is  hinged  atai 
c  to  the  uprighl  (D).    The  frame,  when  n;«igbt, 
I  conies  so  near  the  pointer  Ihat  the  latter  at 
'  pierce  a  chart  placed  io  the  frame.     The  faiinK 
is   directed    <o   look    at    Ihe    "fixation    potM." 
which  is  merely  a  small  ivoiy  butiou  placed  i> 
the  imaginary  axis  of  the  bemiipbece  on  ^ 
from  of  the  centre  of  llie  concave  5ur&«  of  tkr 
Fig.  688.— Priratiey  Smith's  perimeter.         quadrant ;  the  projecting  needle-point  {e)  indi- 
cates its  position.     This  is  the  leto  of  the  qmd- 
rant,  and  on  each  side  of  il  the  quadrant  is  divided  into  90°.] 

[In  testing  the  field  of  vision,  place  the  carriage  so  as  lo  cover  lero.  adjust  the  eye  fca  tbt 
fixalion  point,  and  look  steadily  at  il,  when,  if  all  is  right,  the  pointer  {/•)  ought  to  pierce  (b« 
centre  of  Ihe  chart.  Move  ihe  carriage  along  Ihe  quadrani  by/  until  it  disappears  fiom  ihe  Sdd 
of  vi^on,  and  when  it  does  so  the  pointer  is  made  to  pierce  the  chart.     Make  anothtrobacm- 
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tion  in  another  direction  by  altering  the  position  of  the  quadrant,  and  go  on  doing  so  until  a  com- 
plete record  is  obtained  of  the  field  of  vision.  Test  the  other  eye  in  the  same  way.  The  color- 
field  may  be  tested  by  using  colored  papers  in  the  carriage.] 

[Priestley  Smith's  Perimeter  (fig.  688). — The  wooden  knob  on  the  left  of  the  figure  is 
placed  under  the  eye  of  the  patient,  who  stares  at  the  fixed  point  in  the  axis  of  the  quadrant, 
which  can  be  moved  in  any  meridian.  The  test  object  is  a  square  piece  of  white  paper,  which  is 
moved  along  the  quadrant.  The  chart  is  placed  on  the  posterior  surface  of  the  hand -wheel  and 
moves  with  it,  so  that  the  meridians  of  the  chart  move  with  the  quadrant.  There  is  a  scale  be- 
hind  the  hand-wheel  corresponding  with  the  circles  on  the  chart,  so  that  the  observer  can  prick 
off  his  observations  directly.] 

[Scotoma  is  the  term  applied  to  dimness  or  blindness  in  certain  parts  of  the  field  of  vision, 
which  may  be  central,  marginal,  or  in  patches.] 

The  capacity  for  distinguishing  colors  diminishes  more  rapidly  at  the  periphery  of  the 
retina  than  that  for  distinguishing  differences  in  the  brightness  or  intensity  of  light.    In  fact,  the 


Fig.  689. 
Perimetric  chart  of  a  healthy  and  a  diseased  eye. 


periphery  of  the  retina  is  slightly  red  blind.  The  diminution  is  greater  in  the  vertical  meridian 
of  the  eye  than  in  the  horizontal,  and  it  diminishes  with  the  distance  from  the  fixation  point 
{^Aubert  and  Forster),  These  observers  also  state  that,  during  accommodation  for  a  distant 
object,  the  diminution  of  the  capacity  to  distinguish  brightness  and  color  towards  the  periphery 
of  the  lens,  occurs  more  rapidly  than  with  near  vision.  The  excitability  of  the  retina  for  colors 
and  brightness  is  greater  at  a  point  equally  distant  from  the  fovea  centralis  on  the  temporal  than 
on  the  nasal  side  of  the  eye  {Schon), 

Perimetric  Chart. — If  the  arc  of  the  perimeter  (fig.  688)  be  divided  into  90  degrees,  begin- 
ning at  the  fixation  point  (central  point),  and  proceeding  to  L  and  M  (fig.  689) ;  and  if  a  series 
of  concentric  circles  be  inscribed  on  this,  with  the  point  of  fixation  as  their  centre,  we  can  con- 
struct a  topographical  chart  of  the  visual  capacity  of  the  normal  or  healthy  eye  from  the  data 
obtained  by  the  examination  of  the  retina. 

Fig.  689  is  an  example ;  the  thick  lines  indicate  a  diseased  eye,  the  corresponding  thin  lines 
a  healthy  eye.    The  continuous  line  indicates  the  limits  for  the  perception  of  white ;  the  inter- 
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n4>ted  line  that  for  blue ;  the  puncttuUed  and  inteimpted  line  that  for  red ; 
In  the  normal  eye  the  limits  for  the  perception  of  colors  are  as  under — 
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b  the  blind  spot 


White.                 Blue 

Red.                     Green. 

Externally, 

Intemallv ... 

700-880 
5o«-6o« 

45''-55** 
650-7o<> 

650 
600 

45* 
600 

60**            !            40° 

40*»             y^-3f 

Upwards, 

Downwards, 

V.  Specific  Energy. — The  rods  and  cones  alone  are  endowed  with  what 
Johannes  Miiller  called  ^*  specific  energy ^^  /.  ^.,  they  alone  are  set  into  activity 
by  the  ethereal  vibrations,  to  produce  those  impulses  which  result  in  vision. 
Mechanical  and  electrical  stimuli,  however,  when  applied  to  any  part  of  the 
course  of  the  nervous  apparatus,  produce  visual  phenomena.  Mechanical  stimuli 
are  more  intense  stimuli  than  light  rays,  as  is  shown  by  performing  the  dark 
pressure  figure  with  the  eyes  open  (§  393,  5,  <?),  whereby  the  circulation  in  the 
retina  is  interfered  with ;  in  the  region  of  pressure,  we  cannot  see  external 
objects  which  affect  the  retina  uniformly  and  continuously. 

VI.  The  duration  of  the  retinal  stimulation  must  be  exceedingly  short, 
as  the  electrical  spark  lasts  only  0.000000868  second ;  still,  as  a  general  rale,  a 
shorter  time  is  required,  the  larger  and  brighter  the  object  looked  at.  Alter- 
nate stimulation  with  light,  17  to  18  times  per  minute,  is  perceived  most 
intensely  {Briicke).  An  interval  of  0.027  second  must  elapse  between  two 
flashes  of  light  in  order  that  both  may  be  seen  separately  {Charpentier),  For- 
ther,  an  increase  or  diminution  of  0.01  part  of  the  intensity  of  the  light  is 
perceptible  (§  383).  A  shorter  time  is  required  to  perceive  yellow  than  is 
required  for  violet  and  red  (  Vierordt),  The  retina  becomes  more  sensitive  to 
light  after  a  person  has  been  kept  in  the  dark  for  a  long  time,  and  also  after 
repose  during  the  night.  If  light  be  allowed  to  act  on  the  eyes  for  a  long  time, 
and  especially  if  it  be  intense,  it  causes  fatigue  of  the  retina,  which  begins 
sooner  in  the  centre  than  in  the  periphery  of  the  organ  (^Auberf).  At  first  the 
fatigue  comes  on  rapidly,  and  afterwards  develops  more  slowly — it  is  most 
marked  in  the  morning  (A,  Fick). 

VII.  During  direct  vision,  objects  must  traverse  at  an  angular  velocity  of 
1-2  minutes  per  second  in  order  to  appear  to  be  in  motion  {Auberf), 

VIII.  Visual  Purple. — The  mode  of  the  action  of  light  upon  the  end- 
organs  of  the  retina  has  already  been  referred  to  (p.  942)  in  connection  with 
the  ^^  visual  purple'^  or  rhodopsin  {^Boll^  KUhne),  Ktihne  showed  that,  by 
illuminating  the  retina,  actual  pictures  {e,  g,y  the  image  of  a  window)  could  be 
produced  on  the  retina,  but  they  gradually  disappeared.  From  this  point  of 
view  we  might  regard  the  retina  as  comparable,  to  a  certain  extent,  to  the  sen- 
sitive plate  of  a  photographic  apparatus. 

Optogram. — The  visual  purple  is  formed  hy  the  pigment- epithelium  of  the  retina.  Periupi 
we  might  compare  the  process  to  a  kind  of  secretion.  The  visual  purple  may  be  restored  is  t 
retina  by  lajring  the  latter  upon  living  choroidal  epithelium.  The  pigment  disappears  from  cbc 
mammalian  retina  by  the  action  of  light  60  times  more  rapidly  than  from  the  retina  of  the  frof. 
In  a  rabbit's  eye,  whose  pupil  was  dilated  with  atropin,  Ewald  and  Kilhne  obtained  a  dmp 
picture  or  optogram  of  a  bright  object  placed  at  a  distaace  of  24  cm.  from  the  eye — the  iina{e 
was  '*  fixed  "  by  a  4  per  cent,  solution  of  alum.  Visual  purple  withstands  all  the  oxidiziBg  re- 
agents ;  zinc  chloride,  acetic  acid,  and  corrosive  sublimate  change  it  into  a  yellow  sobstancc^-^t 
becomes  white  only  through  the  action  of  light ;  the  dark  heat-ra3rs  are  without  ^fect,  whfic  it 
is  decomposed  above  a  temperature  of  52*^  C.  [As  visual  purple  is  absent  from  the  cooes,  aad 
as  cones  only  are  present  in  the  fovea  centralis,  we  cannot  explain  vision  by  optpgruns  ibmed 
by  the  visual  purple.] 

Movements  of  Rods  and  Cones. — The  inner  limb  of  the  cones  uoder 
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the  action  of  light  becomes  shorter,  and  elongates  in  darkness.  The  action 
occurs  in  both  eyes,  even  when  the  light  acts  only  on  one  eye.  After  destruc- 
tion of  the  brain,  the  effect  is  confined  to  the  eye  directly  acted  on  by  light. 
Strychnine  tetanus  acts  like  light.  It  would  seem,  therefore,  that  the  optic 
nerve,  in  addition  to  afferent  light-exciting  fibres,  contains  also  motor  fibres — 
retino-motor  fibres,  according  to  Engelmann  and  Stort.  Angelucci  has  ob- 
served movements  in  the  outer  limbs,  and  Gradenigo  in  the  inner  limbs  of  the 
rods.  Heat  is  said  to  act  in  a  manner  similar  to  light.  The  isolated  inner 
limbs  of  the  cones  exhibit  changes  of  form  when  acted  on  by  light  {Gra- 
denigo), 

IX.  Destruction  of  the  rods  and  cones  of  the  retina  causes  correspond- 
ing dark  spots  in  the  field  of  vision. 

396.  PERCEPTION  OF  COLORS.— Physical,— The  vibrations  of 
the  light-ether  are  perceived  by  the  retina  only  within  distinct  limits.  If  a  beam 
of  white  light,  e,  g,y  from  the  sun,  be  transmitted  through  a  prism,  the  light 
rays  are  refracted  and  dispersed,  and  a  ''  prismatic  spectrum  "  is  obtained 
{fig.  23).  [If  a  beam  of  white  light  be  transmitted  through  a  hole  in  a  shutter 
into  a  dark  room,  and  a  prism  be  held  in  the  course  of  the  beam  behind  the 
shutter,  and  in  the  position  shown  in  fig.  690,  then  a  spectrum  or  band  of  colors 
will  be  obtained  on  a  white  screen  placed  several  feet  from  the  prism.  The 
colors  will  be  in  the  definite  order  shown  in  the  diagram  ;  /.  e,,  in  order  from 
the  least  refrangible  red  to  the  most  refrangible  violet.  Thus  white  light  con- 
tains rays  of  very  different  wave-lengths  or  periods  of  vibration.] 

The  dark  heat-rays,  or  ultra-red  rays,  whose  wave-length  is  0.00194  mm., 
are  refracted  least,  do  not  act  upon  the  retina,  and  are  therefore  invisible. 
They  act,  however,  upon  sensory  nerves,  and  give  rise  to  the  sensation  of 
heat.  About  90  per  cent,  of  these  rays  is  absorbed  by  the  media  of  the  eye 
(^Briicke  and  Knoblauch),  From  Fraunhofer's  line.  A,  onwards,  the  oscillations 
of  the  light-ether  excite  the-  retina  in  the  following  order,  and  constitute  the 
visible  spectrum  (fig.  690) :  Red  with  481  billions  of  vibrations  per  second, 
orange  with  532,  yellow  with  563,  green  with  607,  blue  with  653,  indigo 
with  676,  and  violet  with  764  billion  vibrations  per  second.  The  sensation 
of  color  therefore  depends  on  the  number  of  vibrations  of  the  lights 
ether,  just  as  the  pitch  of  a  note  depends  on  the  number  of  vibrations  of  the 
sounding  body  (^Newlon,  1704;  Hartley^  1772).  Beyond  the  violet  lie  the 
chemically  active  ultra-violet  or  actinic  rays  of  the  spectrum.  After 
cutting  out  all  the  spectrum,  including  the  violet-rays,  v.  Helmholtz  succeeded 
in  seeing  the  ultra-violet  rays,  which  had  a  feeble  grayish -blue  color.  The  heat- 
rays  in  the  colored  part  of  the  spectrum  are  transmitted  by  the  media  of  the 
eye  in  the  same 
way  as  through 
water.  The  exist- 
ence of  the  ultra- 
violet rays  is  best 
ascertained  by  the 
phenomenon  of 
fluorescence. 
Von  Helmholtz,  on 
illuminating  a  solu- 
tion of  sulphate  of 
quinine  with  the 
ultra-violet  rays, 
saw  a  bluish-white 


Fig.  690. 
Spectrum  obtained  by  means  of  a  prism. 


light  proceeding  from  all  parts  of  the  solution  which  were  acted  on  by  the 
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ultraviolet  rays.  As  the  media  of  the  eye  themselves  exhibit  fluorescence 
(v.  Helmholt%)^  they  must  increase  the  power  of  the  retina  to  distinguish  these 
ravs.  The  ultra-violet  rays  are  not  largely  absorbed  by  the  media  of  the  eye 
{^Brucke), 

In  order  that  a  color  be  perceived,  it  is  essential  that  a  certain  amount  of  light  fall  upon  the 
retina.  Blue,  when  at  the  lowest  degree  of  brightness,  gives  a  color  sensation  with  an  amouitof 
light  which  is  sixteen  times  less  than  that  required  for  red  (Dobrowlosky). 

Intensity  of  the  Impression  of  Light. — While  light  of  different  periods  of  vibration  applied 
to  the  eye  excites  the  diflferent  sensations  of  color,  the  amplitude  of  the  vibrations  (height  of  the 
waves)  determines  the  intensity  of  the  impression  of  light ;  just  as  the  loudness  of  a  note  de- 
pends on  the  amplitude  of  the  vibrations  of  the  sounding  body.  The  sun^s  light  contains  all  the 
rays  which  excite  the  sensation  of  color  in  us,  and  when  all  these  rays  fall  simultaneously  opoo 
the  retina  we  experience  the  sensation  of  white.  If  the  colors  of  the  spectrum  obtained  by  means 
of  a  prism  be  reunited,  white  light  is  again  obtained.  If  no  vibrations  of  the  light-ether  reach  the 
retina,  every  sensation  of  light  and  color  is  absent,  but  we  can  scarcely  apply  the  term  black  to 
this  condition.  It  is  rather  the  absence  of  sensation,  such  as,  for  example,  is  the  case  when  a 
beam  of  light  falls  on  the  skin  of  the  back.  This  does  not  give  the  sensation  of  black,  but  rather 
that  of  no  sensation  of  light. 

Simple  and  Mixed  Colors. — We  distinguish  simple  colors,  e.g.y  those 
of  the  spectrum.  In  order  to  perceive  these,  the  retina  must  be  excited  (set 
into  vibration)  by  a  distinct  number  of  oscillations  (see  p.  981).  Further,  we 
distinguish  "mixed  colors,"  whose  sensations  are  produced  when  the  retina 
is  excited  by  two  or  more  simple  colors,  simultaneously  or  rapidly  alternating. 
The  most  complex  mixed  color  is  white,  which  is  composed  of  a  mixture  of 
all  the  simple  colors  of  the  spectrum. 

The  **  complementary  colors"  are  important.  Any  two  colors  which 
together  give  the  sensation  of  white  are  complementary  to  each  other.  The 
*'  contrast  colors"  are  mentioned  here  merely  to  complete  the  list  They 
are  closely  related  to  the  complementary  colors.  Any  two  colors  which,  when 
mixed,  supplement  the  generally  prevailing  tone  of  the  light,  are  contrast  colois. 
When  the  sky  is  blue,  the  two  contrast  colors  must  be  bluish-white  ;  with  bright 
gaslight  they  must  be  yellowish-white,  and  in  pure  white  light  of  course  all  the 
complementary  are  the  same  as  the  contrast  colors  {BrUcke). 

Methods  of  Mixing  Colors. — z.  Two  solar  spectra  are  projected  upon  a  screen,  and  the 
spectra  are  so  arranged  as  to  cause  any  one  part  of  one  spectrum  to  cover  any  part  of  the  other. 

a.  Look  obliquely  through  a  vertically  arranged  glass  plate  at  a  color  placed  behind  it.  Another 
color  is  placed  in  front  of  the  glass  plate,  so  that  its  image  is  also  reflected  into  the  eye  of  the 
observer;  thus,  the  light  of  one  color  transmitted  through  the  glass  plate  and  the  reflected  I^ht 
from  the  other  color  reach  the  eye  simultaneously.  [Lambert's  Method. — This  is  easily  done 
by  Lambert's  method.  Use  colored  wafers  and  a  slip  of  glass ;  place  a  red  wafer  on  a  sheet  0/ 
black  paper,  and  about  3  inches  behind  it  another  blue  one.  Hold  the  plate  of  glass  midway  and 
vertically  between  them,  and  so  incline  the  glass  that,  while  looking  through  it  at  the  red  waller, 
a  reflected  image  of  the  blue  one  will  be  projected  mto  the  eye  in  the  same  direction  as  that  of 
the  red  image,  when  we  have  the  sensation  of  purple.] 

3.  A  rotatory  disc,  with  sectors  of  various  colors,  is  rapidly  rotated  in  front  of  the  eyes.  Ob 
rapidly  rotating  the  colored  disc,  the  impressions  produced  by  the  individuAl  colors  are  united  IB 
produce  a  mixed  color.  If  the  rotating  disc,  which  yields,  let  us  suppose,  white,  on  mixing  the 
colors  of  the  spectrum,  be  reflected  in  a  rapidly  rotating  mirror,  then  the  individual  componeots 
of  the  white  reappear. 

4.  Place  in  front  of  each  of  the  small  holes  in  the  cardboard  used  for  Scheiner's  expcrimeBt 
(fig.  664)  two  differently  colored  pieces  of  glass ;  the  colored  rays  of  light  passing  through  tbe 
holes  unite  on  the  retina,  and  produce  a  mixed  color  i^Ctemutk), 

Complementary  Colors. — Investigation  shows  that  the  following  colors 
of  the  spectrum  are  complementary,  /.  ^.,  every  pair  gives  rise  to  white : — 

Red  and  greenish-blue,  Orange  and  cyan -blue, 

Yellow  and  indigo-blue.  Greenish-yellow  and  violet, 

while  green  has  the  compound  complementary  color,  purple  (v,  Helmhalis). 
The  mixed  colors  may  be  determined  from  the  following  table.    At  the  top  of  tbe  veiticai 
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and  horizontal  columns  are  placed  the  simple  colors ;  the  mixed  colors  occur  where  they  inter- 
sect the  corresponding  vertical  and  horizontal  columns  (Dk.  =  dark;  wh.  =-  whitish) : — 


Red 

Orange 

Yellow 

Gr  -yellow 

Green 

Bluish-ereen 

Cyan-blue 


Purple 

Dk.-rose 

Wh.-rose 

White 

White-blue 

Water-blue 

Indigo 


Indigo. 

Cyan-Uue. 

Dlc-rose 

Wh.-rose 

White 

Wh. -green 

Water-blue 

Water-blue 

Wh.-rose 
White 
Wh. -green 
Wh. -green 
Bl. -green 

•  • 

•  • 

BluUh- 
green. 


White 
Wh.-yellow 
Wh.-yellow 
Green 


Green. 


Wh.-yellow 

Yellow 

Gr.-yell 


ow 


Greenish- 
yellow. 


Gold-yellow 
YcUow 


Yellow. 


Orange 


The  following  results  have  been  obtained  from  observations  on  the  mixture 
of  colors : — 

1.  If  two  simple,  but  non-complementary,  spectral  colors  be  mixed  with  each 
other,  they  give  rise  to  a  color  sensation,  which  may  be  represented  by  a  color 
lying  in  the  spectrum  between  both,  and  mixed  with  a  certain  quantity  of  white. 
Hence  we  may  produce  every  impression  of  mixed  colors  by  a  color  of  the 
spectrum  +  white  (Grassman). 

2.  The  less  white  the  colors  contain,  the  more  "  saturated  "  they  are  said 
to  be ;  the  more  white  they  contain,  the  more  unsaturated  do  they  appear. 
The  saturation  of  a  color  diminishes  with  the  intensity  of  the  illumination. 

Qeometrical  Color  Table. — Since  the  time  of  Newton,  attempts  have  been  made  to  con- 
struct a  so-called  **  geometrical  color  table,"  which  will  enable  any  mixed  color  to  be  readily 
found.  Fig:  691  shows  such  a  color  table;  white  is  placed  in  the  middle,  and  from  it  to  every 
point  in  the  curve,— which  is  marked  with  the  names  of  the  colors, — suppose  each  color  to  be  so 
placed  that,  proceeding  from  white,  the  colors  are  arranged,  beginning  with  the  brightest  tone, 
always  followed  by  the  most  saturated  tone,  until  the  pure  saturated  spectral  color  lies  in  the 
point  of  the  curve  marked  with  the  name  of  the  color.  The  mixed  color,  purple,  is  placed  be- 
tween violet  and  red.  In  order  to  determine  from  this  table  the  mixed  color  of  any  two  s{>ectral 
colors,  unite  the  points  of  these  colors  by  a  straight  line.  Suppose  weights  corresponding  to  the 
noits  of  intensity  of  these  colors  to  be  placed  on  both  points  of  the  curve  indicating  colors,  then 
the  position  of  the  centre  of  gravity  of  both  in  the  line  connecting  the  colors  indicates  the  posi- 
tion of  the  mixed  color  in  the  table.  The  mixed  color  of  two  spectral  colors  always  lies  in  the 
color  table  in  the  straight  line  connecting  the  two  color  points.  Further,  the  impression  of  the 
mixed  color  corresponds  to  an  intermediate  spectral  color  mixed  with  whue.  The  complemen- 
tjury  color  of  any  spectral  color  is  found  at 
ODce  by  making  a  line  from  the  point  of 
this  color  through  white,  until  it  intersects 
the  opposite  margin  of  the  color  table ;  the 
point  of  intersection  indicates  the  com- 
plementary color.  If  pure  white  be  pro- 
duced by  mixing  two  complementary 
colors,  the  color  ly  ing  nearest  white  on  the 
connecting  line  must  be  specially  strong, 
as  then  only  would  the  centre  of  gravity 
of  the  lines  uniting  both  colors  lie  in  the 
point  marked  white. 

By  means  of  the  color  table  we  may 
ascertain  the  mix  ft/  color  of  three  or  more 
colors.  For  example,  it  is  required  to 
find  the  mixed  color  resulting  from  ^^l®* 
tfae  union  of  the  point,  a  (pale  yellow), 
b  (fairly  saturated  bluish-green),  and  c 
(fairly  saturated  blue).  On  the  three 
points  pbce  weights  corresponding  to 
their  intensities,  and  ascertain  the  centre 
of  gravity  of  the  weight,  a^  b^  c  /  it  will 

lie  9Xp,  It  is  obvious,  however,  that  the  impression  of  this  mixed  color,  whitish  green- blue,  can 
be  produced  by  green-blue  -\-  white,  so  that  /  may  be  also  the  centre  of  gravity  of  two  weights, 
which  lie  in  the  line  connecting  white  and  green-blue. 


Qyanblue 


Orange 


Red 


Fig.  691. 
Geometrical  color  cone  or  table. 
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We  may  describe  a  triangle,  V,  Gr,  R,  about  the  color  table  so  as  to  enclose  it  compidriT. 
The  three '  fundamental  or  primary  colors  lie  in  the  angles  of  this  triangle,  red,  green, 
violet.  It  is  evident  that  each  of  the  colored  impressions,  t.  ^.,  any  point  of  the  color  table, 
may  be  determined  by  placing  weights  corresponding  to  the  intensity  of  the  primary  cai^rs  at 
the  angles  of  the  triangle,  so  that  the  point  of  the  color  table,  or  what  is  the  same  thing,  the 
desired  mixed  color,  is  the  centre  of  gravity  of  the  triangle  with  its  angles  weighted  as  above. 
The  intensity  of  the  three  primary  colors,  in  order  to  produce  the  mix^  color,  most  be  rqve^ 
sented  in  the  same  proportion  as  the  weights. 

Theories  of  Color  Visions. — Various  theories  have  been  proposed  to 
account  for  color  sensation. 

z.  According  to  one  theory,  color  sensation  is  produced  by  one  kind  of  element  present  in  the 
retina,  being  excited  in  different  ways  by  light  of  different  colors  (oscillations  of  the  light  ether 
of  different  wave-lengths,  number  of  vibrations,  tuid  refractive  indices). 

2.  Young-Hclmholtz  Theory. — The  theory  of  Thomas  Young  (1807) 
and  V.  Helmholtz  (1852)  assumes  that  three  different  kinds  of  nervc-elc- 
ments,  corresponding  to  the  three  primary  colors,  are  present  in  the  retina. 
Stimulation  of  the  first  kind  causes  the  sensation  of  red,  of  the  second  green, 
and  of  the  third  violet. 

The  elements  sensitive  to  red  are  most  strongly  excited  by  light  with  the 
longest  wave-length,  the  red  rays ;  those  for  green  by  medium  wave-lengths, 
green  rays ;  those  for  violet  by  the  rays  of  shortest  wave-length,  violet  rays. 
Further,  it  is  assumed,  in  order  to  explain  a  number  of  phenomena,  that  ^Dery 
color  of  the  spectrum  excites  all  the  kinds  of  fibres^  some  of  them  feebly^  others 
strongly. 


^ts^ 


Fig.  692. 


Suppose  in  fig.  692  the  colors  of  the  spectrum  are  arranged  in  their  natural  order  from  red  to 
violet  horizontally,  then  the  three  curves  raised  upon  the  abscissa  might  indicate  the  strei^th  of 
the  stimulation  of  the  three  kinds  of  retinal  elements.  The  continuous  curve  corresponds  to 
the  rays  producing  the  sensation  of  red,  the  dotted  line  that  of  green,  and  the  broken  Hike  thai 
of  violet.  Pure  red  light,  as  indicated  by  the  height  of  the  ordinates  in  R,  strongly  excites  t^ 
elements  sensitive  to  red,  and  feebly  the  other  two  kinds  of  terminations,  resulting  in  the 
sensation  of  red.  Simple  yellow  excites  moderately  the  elements  for  red  and  green,  and  feebly 
those  for  violet  •=^  sensation  of  yellow.  Simple  green  excites  strongfy  the  elements  for  green, 
but  much  more  feebly  the  other  two  kinds  =  sensation  of  green.  Simple  blue  excites  lo  a 
moderate  extent  the  elements  for  green  and  violet;  more  feebly  those  for  red  -=  sensatkmof 
blue.  Simple  violet  excites  strongly  the  corresponding  elements,  feebly  the  others  =  sensstna 
of  violet.  Stimulation  of  any  two  elements  excites  the  impression  of  a  mixed  color ;  while,  if 
all  of  them  be  excited  in  a  nearly  equal  degree,  the  sensation  of  white  is  produced.  As  a 
matter  of  fact,  the  Young- Helmholtz  theory  gives  a  simple  explanation  of  the  phenomesa  cf 
the  physiological  doctrine  of  color.  It  has  been  attempted  to  make  the  results  obtained  t^ 
examination  of  the  structure  of  the  retina  accord  with  this  view.  According  to  Max  Schahze, 
the  cones  alone  are  end  organs  coimected  with  the  perception  of  color.  Tlie  presence  of 
longitudinal  striation  in  their  outer  segments  is  regarded  as  constituting  them  multiple  termiittl 
end-organs.  Our  power  of  color  sensation,  so  far  as  it  depends  on  the  retina,  would,  on  this 
view  of  the  matter,  bear  a  relation  to  the  number  of  cones.  The  degree  of  co^or  9ensad<»  is 
most  developed  in  the  macula  lutea,  which  contains  only  cones,  and  diminishes  as  the  distance 
from  the  point  increases,  while  it  is  absent  in  the  peripheral  p>arts  of  the  retina.  The  rods  of 
the  retina  are  said  to  be  concerned  only  with  the  capacity  to  distinguish  between  qnarmtatrre 
sensations  of  light 

3.  Hering's  Theory. — Ew.  Hering,  in  order  to  explain  the  sensation  of 
light  proceeds  from  the  axiom  stated  under  i,  above.     What  we  are  conscious 
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of,  and  call  a  visual  sensation,  is  the  psychical  expression  for  the  metabolism 
in  the  visual  substance  Q^Sehsubstanz*^),  /'.  ^.,  in  those  nerve-masses 
which  are  excited  in  the  process  of  vision.  Like  every  other  corporeal  matter, 
this  substance  during  the  activity  of  the  metabolic  process  undergoes  decom- 
position or  ''  disassimilation  "  ;  while  during  rest  it  must  be  again  renewed, 
or  '•  assimilate  *'  new  material.  Hering  assumes  that  for  the  perception  of 
M^hite  and  black,  two  different  qualities  of  the  chemical  processes  take  place 
in  the  visual  substance,  so  that  the  sensation  of  "white  corresponds  to  the  dis- 
assimilation (decomposition),  and  that  of  black  to  the  assimilation  (resti- 
tution) of  the  visual  substance. 

According  to  this  view,  the  different  degrees  of  distinctness  or  intensity  with  which  these  two 
sensations  appear,  occur  in  the  several  transitions  between  pare  white  and  deep  black ;  or,  the 
proportions  in  which  they  appear  to  be  mixed  (gray)  correspond  to  the  intensity  of  these  two 
psycho- physical  processes.  Thus,  the  consumption  and  restitution  of  matter  in  the  visual  sub- 
stance are  the  primary  processes  in  the  sensation  of  white  and  black.  In  the  production  of  the 
sensation  of  white,  the  consumption  of  the  visual  substance  is  caused  by  the  vibrating  ethereal 
waves  acting  as  the  discharging  force  or  stimulus,  while  the  degree  of  the  sensation  of  whiteness 
is  proportional  to  the  quantity  of  the  matter  consumed.  The  process  of  restitution  discharges 
the  sensation  of  black ;  the  more  rapidly  it  occurs,  the  stronger  is  the  sensation  of  black.  Tk^ 
€onsumpiioH  of  the  visual  substance  at  one  place  causes  a  greater  restitution  in  the  adjoining 
^rts.  Both  processes  influence  each  other  simultaneously  and  conjointly.  [In  the  production 
of  a  visual  sensation,  it  is  important  to  remember  that  the  condition  of  one  part  of  the  retina 
influences  contemporaneously  the  condition  of  adjoining  parts  of  the  retina,  i,  e.^  **  the  sensation 
which  arises  through  the  stimulation  of  any  given  point  of  the  retina,  is  also  a  function  of  the 
state  of  other  immediately  contiguous  points.'*]  This  explains  physiologically  the  phenomenon 
of  contrast  of  which  the  old  view  could  give  only  a  psychical  interpretation  (p.  989). 

Similarly,  color  sensation  is  regarded  as  a  sensation  of  decomposition  (disassimilation)  and 
of  restitution  (assimilation) ;  in  addition  to  virhite,  red  and  yellow  are  the  expression  of 
decomposition ;  while  green  and  blue  represent  the  sensation  of  restitution.  Thus,  the 
▼isual  substance  is  subject  to  three  different  ways  of  chemical  change  or  metabolism.  We  may 
explain  in  this  way  the  colored  phenomena  of  contrast  and  the  complementary  after-images. 
The  sensation  of  black-white  may  occur  simultaneously  with  all  colors ;  hence,  every  color 
sensation  is  accompanied  by  that  of  dark  or  bright,  so  that  we  cannot  have  an  absolutely  pure 
color.  There  are  three  different  constituents  of  the  visual  substance ;  that  connected  with  the 
sensation  of  black-white  (colorless),  that  with  blue-yellow,  and  that  with  red-green.  All  the  rays 
of  the  visible  spectrum  act  in  disassimilating  the  black-white  substance,  but  the  different  rays 
act  in  different  degrees.  The  blue-yellow  or  the  red-green  substances,  on  the  other  hand,  are 
disasshnilated  only  by  certain  rays,  some  rays  causing  assimilation,  whilst  others  are  inactive. 
Mixed  light  appears  colorless  when  it  causes  an  equally  strong  disassimilation  and  assimilation 
in  the  blue-yellow  and  in  the  red- green  substance,  so  that  the  two  processes  mutually  antagonize 
each  other,  and  the  action  on  the  black-white  substance  appears  pure.  Two  objective  kinds  of 
light,  which  together  yield  white,  are  not  to  be  regarded  as  complementary,  but  as  antagonistic 
kinds  of  light,  as  they  do  not  supplement  each  other  to  produce  white,  but  only  allow  this  to 
appear  pure,  because,  being  antagonistic,  they  mutually  prevent  each  other's  action. 

The  imperfection  of  the  Young- Helmholtz  theory  of  color  sensation  is  that  it  recognizes  only 
one  kind  of  excitability,  excitement,  and  fatigue  (corresponding  to  Hering's  disassimilation),  and 
that  it  ignores  the  antagonistic  relation  of  certain  light  rays  to  the  eye.  It  does  not  regard  white 
as  consisting  of  complementary  light  rays,  which  neutralize  each  other  by  their  action  on  the 
colored  visual  substance,  but  as  uniting  to  form  white  (Hering). 

[While  it  suffices  to  explain  a  great  many  of  the  phenomena  of  light  and  color,  e.g.^  the 
mixing  of  colors  and  complementary  colors,  it  does  not  satisfactorily  explain  contrast  or  color- 
blindness. Fick  admits  that  it  does  not  explain  the  following  important  fact :  Every  ray  of 
light,  while  exciting  a  color  sensation  if  it  falls  on  a  sufficient  area  of  the  posterior  polar  part 
of  the  eyeball,  provided  it  acts  on  an  extremely  limited  part  of  the  retina,  even  if  it  be  colored 
light,  produces  a  whitish  impression.  This  is  exactly  the  opposite  of  what  we  should  expect, 
VIZ.,  the  smaller  the  area  of  retina  acted  on,  the  more  readily  should  the  particular  nerve-ending 
be  excited  and  a  pure  color-sensation  result.] 

In  applying  this  theory  to  color-blindness  (§  397),  we  must  assume 
that  those  who  are  red-blind  want  the  red-green  visual  substance  \  there  are 
but  two  partial  spectra  in  their  solar  spectrum,  the  black-white  and  the  yellow- 
blue.     The  position  of  green  appears  to  such  an  one  to  be  colorless ;  the  rays 
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of  the  red  part  of  the  spectrum  are  visible,  so*  for  as  the  sensation  of  yellow 
and  white  produced  by  these  rays  is  strong  enough  to  excite  the  retina.  Hering 
divides  his  spectrum  into  a  yellow  and  a  blue  half.  A  violet-blind  person 
wants  the  yellow-blue  visual  substance ;  in  his  spectrum  there  are  only  two 
partial  spectra,  the  black-white  and  the  red-green.  In  cases  of  complete 
color-blindness,  the  yellow-blue  and  red-green  substances  are  absent. 
Hence,  such  a  person  has  only  the  sensation  of  bright  and  dark.  The  sensi- 
bility to  light  and  the  length  of  the  spectrum  are  retained  ;  the  brightest  part 
in  this  case,  as  in  the  normal  eye,  is  in  the  yellow  {Hering), 

397.  COLOR-BLINDNESS  AND  ITS  PRACTICAL  IM- 
PORTANCE.— Causes.— By  the  term  color-blindness  (dyschroma 
topsy)  is  meant  a  pathological  condition  whereby  some  individuals  are  unable 
to  distinguish  certain  colors.  Huddart  (1777)  was  acquainted  with  the  condi- 
tion, but  it  was  first  accurately  described  by  Dalton  (1794),  who  himself  was 
red-blind.     The  term  color-blindness  was  given  to  it  by  Brewster. 

The  supporters  of  the  Young-Helmholtz  theory  assume  that,  corresponding 
to  the  paralysis  of  the  three  color-perceiving  elements  of  the  retina,  there  are 
the  following  kinds  of  color-blindness : — 

I.  Red-blindness.     2.  Green-blindness.    3.  Violet -blindness. 

The  highest  degree  being  termed  complete  color-blindness. 

The  supporters  of  E.  Hering*s  theory  of  color  sensation  distinguish  the  following  kinds : — 
z.  Complete  Color-blindness  (Achromatopsy). — The  spectrum  appears  acbroraatic ;  the 
position  of  the  greenish-yellow  is  the  brightest,  while  it  is  darker  on  both  sides  of  it.  A  colored 
picture  appears  like  a  photograph  or  an  engraving.  Occasionally  the  different  degrees  of  ligk 
intensity  are  [>erceived  in  one  shade  of  color,  e.Zy  yellow,  which  cannot  be  compared  with  aay 
other  color.  O.  Becker  and  v.  Hippel  observed  cases  of  unilateral  congenital  complete  color- 
blindness, whilst  the  other  eye  was  normal  for  color  perception. 

2.  Blue-yellow  Blindness. — The  spectrum  is  dicnromatic,  and  consists  only  of  red  tod 
green.  The  blue-violet  end  of  the  spearum  is  usually  greatly  shortened.  In  pHire  cases  only 
the  red  and  green  are  correctly  disdngubhed  (Mauthner*s  erythrochloropy),  but  not  the  other 
colors.     Unilateral  cases  have  been  observed. 

3.  Red-green  Blindness. — The  spectrum  is  also  dichromatic.  Yellow  and  blue  are  oor. 
reedy  dislingubhed ;  violet  and  blue  are  both  taken  for  blue.  The  sensations  fior  red  and  gma 
are  absent  altogether.  There  are  several  forms  of  this — {a)  Oreen -blindness,  or  the  red-greea 
blindness,  with  undiminished  spectrum  (Mauthner^s  xanthokyanopy),  in  which  bright-greea 
and  dark- red  are  confounded.  In  the  spectrum  yellow  abuts  directly  on  blue,  or  between  ibe 
two,  at  most,  there  is  a  strip  of  gray.  The  maximum  of  brightness  is  in  the  jrellow.  It  is  oftea 
unilateral  and  often  hereditary.  (^)  Red-blindness  (or  the  red-green  blindness  with  aiidiiiu&- 
ished  spectrum,  also  called  Daltonism),  in  which  bright-red  and  dark-green  are  confbooded. 
The  spectrum  consists  of  yellow  and  blue,  but  the  yellow  lies  in  the  orange.  The  red  end  of 
the  spectrum  is  uncolored,  or  even  dark.  The  greatest  brightness,  as  well  as  the  limit  betweea 
yellow  and  blue,  lies  more  towards  the  right. 

4.  Incomplete  color-blindness,  or  a  diminished  color  sense,  indicates  the  cooditioo  is 
which  the  acuteness  of  color  [>erception  is  diminished,  so  that  the  colors  can  be  detected  only 
in  large  objects,  or  only  when  they  are  near,  and  when  they  are  mixed  with  white,  they  00 
longer  appear  as  such.  A  certain  degree  of  this  form  b  frequent,  in  as  far  as  many  penois  nt 
unable  to  distinguish  greenish- blue  from  bluish  green. 

Acquired  color-blindness  occurs  in  diseases  of  the  retina  and  atrophy  of  the  opdc  owe 
in  commencing  tabes,  in  some  forms  of  cerebral  disease  ({  378,  IV,  i),  aiul  intoxicatkm.  Al 
first  green-blindness  occurs,  which  is  soon  followed  by  red-blindness.  The  peripheral  20M  of 
the  retina  suffers  sooner  than  the  central  area.  In  hysterical  persons  there  may  be  intennktest 
attacks  of  color-blindness  {Charcot)\  and  the  same  occurs  in  hypnotized  persons  (p.  873). 

H.  Cohn  found  that,  on  neating  the  eyeball  of  some  color-blind  persons,  the  color-bliodDess 
disappeared  temporarily.  Occasionally  in  persons  without  a  lens  red  vision  is  present,  and  ii 
due  to  unknown  causes.  Percentage. — Holmgren  found  that  2.7  per  cenL  cSf  penoos  wtfc 
color-blind,  most  being  red  and  green  blind,  and  very  few  violet  blind. 

Limits  of  Normal  Color-blindness. — The  investigations  on  the  power  of  color-perceptioa 
in  the  normal  retina  are  best  carried  out  by  means  of  Aubert-F5rster's  perimeter,  or  that  of 
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M' Hardy  (J  395).  It  is  found  that  our  color  perception  is  complete  only  in  the  middle  of  the 
field  of  vision.  Around  this  is  a  middle  zone«  in  which  only  blue  and  yellow  are  perceived,  in 
which,  therefore,  there  is  red-blindness.  Outside  this  zone  there  is  a  peripheral  girdle,  where 
there  is  complete  color-blindness  {I  395)*  Hence,  a  red-blind  person  is  distinguished  from  a 
person  with  normal  vbion,  in  that  the  central  area  of  the  normal  field  of  vision  is  absent  in  the 
former,  this  being  rather  included  in  the  middle  zone.  The  field  of  vision  of  a  green-blind 
person  differs  from  that  of  a  person  with  normal  vision,  in  that  his  peripheral  zone  corresponds 
to  the  intermediate  and  peripheral  zones  of  the  normal  eye.  The  violet- blind  person  is  distin- 
guished by  the  complete  absence  of  the  normal  peripheral  zone.  The  incomplete  color  blindness 
of  these  two  kinds  is  characterized  by  a  uniformly  diminished  central  field.  [When  very  intense 
colors  are  used,  such  as  those  of  the  solar  spectrum,  the  retina  can  distinguish  them  quite  up  to 
its  OMrgin  {^Landolt)."] 

In  poisoning  with  santonin,  violet-blindness  (yellow  vision)  occurs  in  consequence  of  the 
paralysis  of  the  violfet  perceptive  retinal  elements,  which  not  unfrequently  is  preceded  by  stimu- 
latioo  of  these  elements,  resulting  in  violet  vision,  i.e.,  objects  seem  to  be  colored  violet  (HUfner). 
Such  is  the  explanation  of  this  phenomenon  given  by  Holmgren.  Max  Schultze,  however, 
referred  the  yellow  vision,  i^.,  seeing  objects  yellow,  to  an  increase  of  the  yellow  pigment  in 
the  macula  lutea. 

When  colored  objects  are  very  small,  and  illuminated  only  for  a  short  time,  the  normal  eye 
first  fails  to  perceive  red  (Aubert) ;  hence,  it  appears  that  a  stronger  stimulus  is  required  to 
exdte  the  sensation  of  red.  Briicke  found  that  very  rapidly  intermittent  white  light  is  per- 
ceived as  green,  because  the  short  duration  of  the  stimulation  fails  to  excite  the  elements  of  the 
retina  connected  with  the  sensation  of  red. 

[The  practical  importance  of  color-blindness  was  pointed  out  by  George  Wilson,  and 
again  more  recently  by  Holmgren.]  No  person  should  be  employed  in  the  marine  or  railway 
service  until  he  has  been  properly  certified  as  able  to  distinguish  red  from  green. 

Methods  of  Testing  Color-blindness. — Following  Seebeck,  Holmgren  used  small  skeins 
of  colored  wools  as  the  simplest  material,  in  red,  orange,  yellow,  greenish-yellow,  green, 
greenish -blue,  blue,  violet,  purple,  rose,  brown,  gray.  There  are  five  finely  graduated  shades  of 
each  of  the  above  colors.  When  testing  a  person,  select  only  one  skein — ^^.,  a  bright  green  or 
rose — from  the  mass  of  colored  wools  placed  in  front  of  him,  and  place  it  aside,  asking  him  to 
seek  out  those  skeins  which  he  supposes  are  nearest  to  it  in  color. 

Mac6  and  Nacati  have  measured  the  acuteness  of  vision  by  illuminating  a  small  object  with 
different  parts  of  the  spectrum.  They  compared  the  observations  on  red-  and  green-blind 
persons  with  their  own  results,  and  found  that  a  red-blind  person  perceives  green  light  as  much 
brighter  than  it  appears  to  a  normal  person.  The  green-blind  had  an  excessive  sensibility  for 
red  and  violet.  It  appears  that  what  the  color-blind  lose  in  perceptive  power  for  one  color 
they  gain  for  another.    They  have  also  a  keen  sense  for  variations  in  brightness. 

398.  STIMULATION  OF  THE  RETINA.— As  with  every  other 
nervous  apparatus,  a  certain  very  short,  but  still  determinable  time  elapses 
after  the  rays  of  light  fall  upon  the  eye  before  the  action  of  the  light  takes 
place,  whether  the  light  acts  so  as  to  produce  a  conscious  impression,  or  pro- 
duces merely  a  reflex  effect  upon  the  pupil.  The  strength  of  the  impression 
produced  depends  partly  and  chiefly  upon  the  excitability  of  the  retina  and 
the  other  nervous  structures.  If  the  light  acts  for  a  long  time  with  equal 
intensity,  the  excitation,  after  having  reached  its  culminating  point,  rapidly 
diminishes  again,  at  first  more  rapidly,  and  afterwards  more  and  more  slowly. 

[When  the  retina  is  stimulated  by  light,  there  is  (i)  an  effect  on  the 
rhodopsin  (p.  943).  (2)  The  electro-motive  force  is  diminished  (§  332).  (3) 
The  processes  of  the  hexagonal  pigment-cells  of  the  retina  dipping  between 
the  rods  and  cones  are  affected ;  thus  they  are  retracted  in  darkness,  and  pro- 
truded in  the  light  (fig.  693).  (4)  Engelmann  has  shown  that  the  length  and 
shai>e  of  the  cones  vary  with  the  action  of  light  (p.  981).  The  cones  are 
retracted  in  darkness  and  protruded  under  the  influence  of  light  {fvg.  693). 
This  alteration  in  the  shape  of  the  cones  takes  place  even  if  the  light  acts  on 
the  skin,  and  not  on  the  eyeball  at  all.] 

After-images. — If  the  light  acts  on  the  eye  for  some  time  so  as  to  excite 
the  retina,  and  if  it  be  suddenly  withheld,  the  retina  still  remains  for  some 
time  in  an  excited  condition,  which  is  more  intense  and  lasts  longer,  the 
stronger  and  the  longer  the  light  may  have  been  applied,  and  the  more  excit- 
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able  the  condition  of  the  retina.    Thus,  after  every  visual  perception,  especially 
if  it  is  very  distinct  and  bright,  there  remains  a  so-called  "  after-image." 
We   distinguish    a    "  positive    after- 
image,"   which    is  an    image  of  simiUr 
brightness  and  a  similar  color 

"  Tbu  tbe  impressioQ  of  mj  pictute  muia 
for  some  lime  upon  the  eye  is  ■  phTsiologiol  pfce- 
nomcDii :  whea  inch  an  impresioD  can  be  xxn  for 
a  long  lime  it  becomes  puhologicm].  Tbe  naka 
tbe  e;e  is  tbe  longer  the  im^c  remuDS  upon  iL 
The  retina  doci  Dot  recover  jtlclf  10  qoicklT,  and 
we  may  regard  ihe  action  a*  a  kind  of  paialns. 
This  is  not  to  be  woodend  at  in  the  case  of  du' 
ilbg  piclures.  After  lookiog  at  tbe  sun,  (be  imitc 
may  remain  on  the  retina  for  sereral  daji  A 
similar  result  sometimes  occurs  with  pictaRS  shiit 
are  nol  dazzling.  Busch  records  that  the  impa 
sion  of  an  engiaving,  with  all  its  details,  mnuoal 
on  hiseyefor  17  minulet"  {GaetAe). 
I.  Fig.  69J.  X.  BxperimentB  and   ApparaiuB  for  Poaitm 

The  conesofthe  retina  and  pigment-cells  After-images,— i.    When    a   burning   slitt  k 
(of  the  frog)  as  affected  by  light  and  dark-  rapidly  rotated,  il  appemra  as  a  fiery  circle, 
ness-  I,  after  two  days  in  darkness;  a,       '•  The   PhanaldBtoacope   [Pitman)    or   ibe 
after  ten  minute*  in  daylight.  stroboscopic   diacs   [Siamfifir).      Upon  a  dix 

or  cylinder,  a  series  of  objects  a  so  depicted  tba 
successive  drawings  represent  individual  facton  of  one  continuous  movement.  On  lootnc 
through  an  opening  al  sach  a  disc  rotated  rapidly,  we  see  pictures  of  the  diflerent  phases  punic 
so  quickly  that  each  rapidly  follows  tbe  one  in  front  of  il.  As  the  imprcsioo  of  Ihe  one  pic- 
lure  remain^  until  the  loUowiog  one  takes  its  place,  it  has  tbe  appearance  as  if  ihe  smuiam 
phases  of  ihe  movement  were  continuous  and  one  and  the  same  (ignre.  The  apparatos  oada 
the  name  of  toetrope,  which  is  extensively  used  as  a  toy.  is  generally  staled  to  have  tea 
invenled  in  l8]3.  Il  was  described  by  Cardanus  in  1550.  It  may  be  used  to  reptesenl  cotM 
movements,  e.g.,  of  the  ipennatoioa  and  ciliary  motion,  the  movements  of  the  heart  and  tboK 
of  locomotion. 

3.  The  color  top  contains  on  Ihe  secton  of  ill  disc  ihe  colon  which  are  to  be  miieiL  At 
tbe  color  of  each  sector  leaves  a  condition  of  excitation  for  the  whole  duration  of  a  icrolntKB. 
all  the  colors  must  be  perceived  simultaneously,  i,  1.,  as  a  mixed  color, 

[lllusiona  of  Motion. — Silvanus  P.  Thompaoo  points  out  thai  if  a  series  of  coocesDic 
circles  in  black  and  white  be  made  on  paper,  and  the  sheet  on  which  the  circles  are  drawa  be 
moved  with  a  motion  as  if  one  were  rinsing  out  a  pail,  but  with  a  very  minute  radius,  iben  si 
the  circles  appear  to  rotate  with  the  same  angular  velocity  as  thai  impaned.  ProfeMor  Tbompsa 
has  contrived  other  forms  of  this  illusion,  in  the  form  of  strobic  diacs.] 

Negative  After-images. — Occasionally,  when  the  stimulation  of  the 
retina  is  strong  and  very  intense,  a  "  negative,"  instead  of  a  positive  after- 
image, appears.  In  a  negative  after-image,  the  drighl  parts  of  the  object  appen 
dark,  and  the  colored  parts  in  corresponding  contrast  colors  (p.  990). 

Examples  of  Negative  After- 1  mage  a.— After  looking  for  a  long  time  at  a  duzlingly 
illuminated  white  window,  on  closing  the  eyes  we  have  the  impression  of  a  bright  eras,* 
crosses,  as  (be  case  may  be,  with  dark  panes. 

Negative  colored  after-images  are  beautifully  shown  by  NOrrenberg's  apparattu.  Look  steadih 
al  a  colored  surface,  f,j',,  a  yellow  board  wilb  a  small  blue  Sqaare  attached  to  the  ceMie  of  fa 
surface.  A  white  screen  is  allowed  to  (all  suddenly  in  front  of  the  board — Ihe  white  mrface  ana 
has  a  bluish  appearance,  with  a  yellow  square  in  its  centre. 

Tbe  usual  explanation  of  dark  negative  after-images  is  that  the  retinal  elements  aie  btigied 
by  the  light,  so  that  for  some  lime  Ihey  become  less  excitable,  and  consequently  light  B  b« 
feebly  perceived  in  the  corresponding  areas  of  the  retina ;  hence,  darkoesa  prevails. 

Hering  explains  Ihe  dark  after  imi^es  as  due  to  a  process  of  as^milation  in  tbe  bUck.alik 
visusl  substance.  In  eiploining  i-n/orvii/ after-images,  the  Young- Helmholtz  Ibeoiy  asninesii*. 
under  the  action  of  tbe  lighl  waves,  r.g.,  red.  the  retinal  elements  connected  with  the  percepCM 
of  this  color  are  paralyzed.  On  now  looking  suddenly  on  a  white  surface,  the  miitare  of  iH 
the  colors  appears  as  white  mmiis  red,  i,  (.,  the  while  appears  green.  In  bright  da^igfai  ll* 
contrail  color  lies  very  near  the  complementaiy  color.    According  lo  Hering,  tlw  cootna  afcff- 
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image  it  cxplupcd  by  tfa«  auimiUlion  or  the  conesponding  colored  vinul  inbttaDce,  in  this 
case,  of  the  "rcd-grcen"  ({  397).  Fiom  the  commeacement  ol  a  roomentary  illuDunuioD 
UDlU  the  appearance  of  id  after-image,  0.344  sec.  elapses  (v.  VinatAgau  and  Luitig). 

Not  unfrequently,  after  intense  stimulation  of  the  retina,  positive  and  negative 
after-images  alternate  with  each  other  until  they  gradually  fuse.     After  looking 
at  the  dark-red  setting  sun  we  see  alternately 
discs  of  red  and  green. 

The  phenomena   of  contrast   undergo  some 
modification  in  the  peripheral  areas  of  the  retina, 


Fig.  69+.  Fig.  695. 

For  imdiatioD.  For  irradiation- 

owing  to  the  partial  color-blindness  which  occurs  in  these  areas  {Adamuck  and 
Wbitww). 

Irradiation  is  the  term  applied  to  certain  phenomena  where  we  form  a  false 
estimate  of  visual  impressions,  owing  to  inexact  accommodation.  If,  from 
inexact  accommodation,  the  margins  of  the  object  are  projected  upon  the  retina 
in  diffusion  circles,  the  mind  tends  to  add  the  undefined  margin  to  those  parts 
of  the  visual  image  which  are  most  prominent  in  the  image  itself.  What  is 
bright  appears  larger  and  overcomes  what  is  dark,  while  an  object,  without  ref- 
erence to  brightness  or  color,  has  the  same  relation  to  its  background  (fig.  694). 
When  the  accommodation  is  quite  accurate,  the  phenomenon  of  irradiation  is 
not  present.  [On  looking  at  fig.  695  from  a  distance,  the  white  squares  appear 
larger  and  as  if  they  were  united  by  a  white  band.] 

"A  darit  object  appears  imaller  ihao  a  bright  one  of  the  tame  die.  On  looking  at  Ibe  same 
time  from  a  certain  distance  at  two  circles  of  the  same  size,  a  while  one  on  a  black  backgrouod, 
•nd  a  black  one  on  a  white  background,  we  eitimate  the  latter  to  be  about  ooe-lifth  less  t^ao  the 
former  (Sg.  694).  On  making  the  black  circle  one-lifth  larger  (hey  will  appear  equal.  Tycbo 
de  Brahe  remarks  that  (he  moon,  when  in  conjunction  (dark),  appears  to  be  one-firih  smaller 
than  in  opposition  (fnll,  bright).  The  first  lunar  crescent  appears  to  belong  to  a  larger  disc  than 
the  dark  one  adjoining  il,  which  can  occasionally  be  distinguiibed  at  (he  time  of  the  new  light. 
Black  clothes  make  persons  appear  (o  be  much  smaller  than  light  clothes.  A  light  seen  behind 
a  mai^o  gives  (he  appearance  of  a  cut  in  the  rnargin.  A  ruler,  behind  which  is  placed  a  lighted 
caiKlle,  appears  to  the  observer  to  hare  a  notch  in  it.  The  suo,  when  rising  and  seuing,  appears 
to  mske  a  depression  in  the  horiion  "  ( GiKlAt). 

[Contrast, — The  fiindamental  phenomena  are  such  as  these,  that  a  bright 
object  looks  brighter  surrounded  by  objects  darker  than  itself;  and  darker  with 
surroundings  brighter  than  itself.  There  may  be  contrasts  either  with  bright 
or  dark  objects  or  with  colored  ones.] 

Simultaneous  Contrast. — By  this  term  is  meant  a  phenomenon  like  the 
following;  When  dright  and  dari  parts  are  present  in  a  picture  at  the  same 
time,  the  bright  (white)  parts  always  appear  to  be  more  intensely  bright  the 
less  white  there  is  near  them,  or,  what  is  the  same  thing,  the  darker  the  sur- 
roundings, and,  conversely,  they  appear  less  bright  the  more  white  tints  that 
are  present  near  them.  A  similar  phenomenon  occurs  with  colored  pictures. 
A  color  in  a  picture  appears  to  us  to  be  more  intense  the  less  of  this  color  there 
is  in  the  adjoining  parts,  that  is,  the  more  the  surroundings  resemble  the  tints 
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of  the  contrast  color.     Simultaneous  contrast  arises  from  simultaneous  impres- 
sions occurring  in  two  adjoining  and  different  parts  of  the  retina. 

Examples  of  Contrast  for  Bright  and  Dark. — i.  Look  at  a  white  network  00  a  bbck 
ground ;  the  parts  where  the  white  lines  intersect  appear  darker,  because  there  is  least  black 
near  them. 

2.  Look  at  a  point  of  a  small  strip  of  dark  gray  paper  in  front  of  a  dark  black  badcgrooBd. 
Push  a  large  piece  of  white  paper  between  the  strip  and  the  background ;  the  strip  on  the  while 
ground  now  appears  to  be  much  darker  than  before.  On  again  removing  the  white  paper,  tbe 
strip  at  once  again  appears  bright  (^Hering). 

3.  Look  with  both  eyes  towards  a  grayish-white  surface,  e,g.^  the  ceiling  of  a  room.  A&er 
gazing  for  some  time,  place  in  front  of  the  eye  a  paper  tube  eight  inches  long,  and  an  inch  to  aa 
inch  and  a  quarter  in  diameter,  blackened  in  the  uiside.  The  part  of  the  ceilii^  seen  through 
the  tube  appears  as  a  round  white  spot  (Lamfois). 

Examples  for  Colors. — i.  Place  a  piece  of  gray  paper  on  a  red,  yellow,  or  bine  gitKuid; 
the  contrast  colors  appear  at  once,  viz.,  green,  blue,  or  yellow.  The  phenomenon  is  vcade  stiQ 
more  distinct  by  covering  the  whole  with  transparent  tracing  paper  (Jftrm.  Meyer).  Under 
similar  circumstances,  printed  matter  on  a  colored  ground  appears  in  its  con^lementaiy  ookir 
( W.  V,  Bezold), 

2.  An  air-bubble  in  the  strongly  tinged  field  of  vision  of  a  thick  microscopical  preparatka 
appears  with  an  intense  contrast  color  (Landois), 

3.  Paste  four  green  sectors  upon  a  rotatory  white  disc,  leave  a  ring  round  the  centre  of  the  disc 
uncovered  by  green,  and  cover  it  with  a  black  strip.  On  rotating  such  a  disc  the  black  pait 
appears  red  and  not  gray  (BrurJke). 

4.  Look  with  both  eyes  towards  a  grayish-white  surfiace,  and  place  in  front  of  one  eye  a  tabe 
about  the  length  and  breadth  of  a  finger,  composed  of  transparent  oiled  paper,  gummed  tc^etha 
to  such  thickness  as  will  permit  light  to  pass  through  its  walls.  The  part  of  the  surface  sees 
through  the  tube  appears  in  its  contrast  color.  The  experiment  also  shows  the  contrast  in  the 
intensity  of  the  illumination  {Landois).  A  white  piece  of  paper,  with  a  round  black  spot  in  i& 
centre,  when  looked  at  through  a  blue  glass,  app>ears  blue  with  a  black  spot.  If  a  white  spot 
of  the  same  size  on  a  black  ground  be  placed  in  front,  so  that  it  is  reflected  in  the  glass  f^ke 
and  just  covers  the  black  spot,  it  shows  the  contrast  color  yellow  (Kagona  Scina). 

5.  The  colored  shadows  also  belong  to  the  group  of  simultaneous  contrasts.  *'  Two  coodU 
tions  are  necessary  for  the  production  of  colored  shadows — firstly,  that  the  light  gires  some  kiad 
of  a  color  to  the  white  surface ;  second,  that  the  shadow  is  illuminated,  to  a  certain  extent,  hf 
another  light.  During  the  twilight,  place  a  short  lighted  candle  on  a  white  surface,  betweea  it 
and  the  fading  daylight  hold  a  pencil  vertically,  so  that  the  shadow  thrown  by  the  candle  is 
illuminated,  but  not  abolished,  by  the  feeble  daylight;  the  shadow  appears  of  a  beantifril  kiae. 
The  blue  shadow  is  easily  seen,  but  it  requires  a  little  attention  to  obsinire  that  the  white  pi^xr 
acts  like  a  reddish-yellow  surface,  whereby  the  blue  color  apparent  to  the  eye  is  impixwed.  Oae 
of  the  most  beautiful  cases  of  colored  shadows  is  seen  in  connection  with  the  fall  moon.  T^ 
light  of  the  candle  and  that  of  the  moon  can  be  completely  equalized.  Both  shadows  caa 
be  obtained  of  equal  strength  and  distinctness,  so  that  both  colors  are  completely  halaarfd 
Place  the  plate  opposite  the  light  of  the  moon,  the  lighted  candle  a  little  to  one  side  at  a 
distance^  In  front  of  the  plate  hold  an  opaque  body,  when  a  double  shadow  appears,  the 
thrown  by  the  moon  and  lighted  by  the  candle  being  bright  reddish-yellow ;  and,  < 
the  one  thrown  by  the  candle  and  lighted  by  the  moon  appears  of  a  beantiiul  blue.  Wbot 
the  two  shadows  come  together  and  unite  is  black  "  (Goethe). 

6.  "  Take  a  plate  of  green  glass  of  considerable  thickness  and  hold  it  so  as  to  get  the  bars  of 
a  window  reflected  in  it,  the  bars  will  be  seen  double,  the  image  formed  by  the  under  sariaot 
of  the  glass  being  green^  while  the  image  coming  from  the  under  surface  of  the  glass,  and  whidi 
ought  really  to  be  colorless,  appears  to  be  purple.  The  experiment  may  be  pferformed  wi&  a 
vessel  filled  with  water,  with  a  mirror  at  its  base.  With  pure  water  colorless  images  are  (^stained, 
while  by  coloring  the  water  colored  images  are  produced"  [Goethe), 

Explanation  of  Contrast. — Some  of  these  phenomena  may  be  explained  as  due  to  an  enor 
of  judgment.  During  the  simultaneous  action  of  several  impressions,  the  judgment  ens,  to  that 
when  an  effect  occurs  at  one  place,  this  acts  to  the  slightest  extent  in  the  neighboring  pans. 
When,  therefore,  brightness  acts  upon  a  part  of  the  retina,  the  judgment  ascribes  the  ssialicst 
possible  action  of  the  brightness  to  the  adjoining  parts  of  the  retina.  It  is  the  same  widi  coSoci. 
It  is  far  more  probable  that  the  phenomena  are  to  be  referred  to  actual  physiological 
{Hering).  Partial  stimulation  with  light  affects  not  only  the  parts  so  acted  on  biu  als^tke 
rounding  area  of  the  retina  (p.  985)  ;  the  part  directly  excited  undergoing  increased 
lation,  the  (indirectly  stimulated)  adjoining  area  undergoing  increased  assimilaticm  ;  the  i 
of  the  latter  is  greatest  in  the  immediate  neighborhood  of  the  illuminated  portioo,  and  rapidly 
diminishes  as  the  distance  from  it  increases.     By  the  increase  of  the  assimilation  in  those  parti 
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not  acted  on  by  the  image  of  the  object,  this  is  prevented,  so  that  the  diffused  light  is  perceived. 
The  increase  of  the  assimilation  in  the  immediate  neighborhood  of  the  illuminated  spot  is  greatest, 
so  that  the  perception  of  this  relatively  stronger  different  light  is  largely  rendered  impossible 
{Hiring), 

[Helmholtz  thus  ascribed  the  phenomena  of  contrast  to  psychical  conditions,  i,  e ,  errors  of 
judgment,  but  this  explanation  is  certainly  not  complete.  A  far  more  satisfactory  solution  of  the 
problem  is  that  of  Hering,  that  stimulation  of  one  part  of  the  retina  affects  the  condition  of  ad- 
joining parts.  If  a  white  disc  on  a  black  background  be  looked  at  for  a  time,  and  then  the  eyes 
be  clceed,  a  negative  after-image  of  the  disc  appears,  but  it  is  darker  and  blacker  than  the  visual 
area,  and  it  has  a  light  area  around,  brightest  close  to  the  disc,  i.  ^.,  the  adjacent  part  of  the  retina 
is  affected.    This  Hering  has  called  successive  light  induction.] 

Successive  Contrast. — Look  for  a  long  time  at  a  dark  or  bright  object,  or  at  a  colored  {e,  g, 
red)  one,  and  then  allow  the  effect  of  the  contrast  to  occur  on  the  retina,  i,  /.,  with  reference  to 
the  above,  bright  and  dark,  or  the  contrast  color  green,  then  these  become  very  intense.  This 
phenomenon  has  also  been  called  '*  successive  contrast,^*  In  this  case  the  negative  after-image 
obviously  plays  a  part. 

[Some  drugs  cause  subjective  visual  sensations,  but  these  do  so  by  acting  on  the  brain,  e.g,^ 
alcohol,  as  in  delirium  tremens,  cannabis  indica,  sodic  salicylate,  and  large  doses  of  digitalis 
(Brunion),'] 

399.  MOVEMENTS  OF  THE  EYEBALLS— EYE  MUSCLES. 

— The  globular  eyeball  is  capable  of  extensive  and  free  movement  on  the  cor- 
respondingly excavated  fatty  pad  of  the  orbit,  just  like  the  head  of  a  long  bone 
in  the  corresponding  socket  of  a  freely  movable  arthroidal  joint.  The  move- 
ments of  the  eyeball,  however,  are  limited  by  certain  conditions,  by  the  mode 
in  which  the  eye  muscles  are  attached  to  it.  Thus,  when  one  muscle  contracts, 
its  antagonistic  muscle  acts  like;  a  bridle,  and  so  limits  the  movement ;  the 
movements  are  also  limited  by  the  insertion  of  the  optic  nerve.  The  soft 
elastic  pad  of  the  orbit  on  which  the  eyeball  rests  is  itself  subject  to  be  moved 
forward  or  backward,  so  that  the  eyeball  also  must  participate  in  these  move- 
ments. 

Protrusion  of  the  eyeball  takes  place — i.  By  congestion  of  the  blood-vessels,  especially  of 
the  veins  in  the  orbit,  such  as  occurs  when  the  outflow  of  the  venous  blood  from  the  head  is 
interfered  with,  as  in  cases  of  hanging.  2.  By  contraction  of  the  smooth  muscular  fibres  in 
Tenon's  capsule,  in  the  spheno-maxillary  fissure,  and  in  the  eyelids  ({  404J,  which  are  innervated 
by  the  cervical  sympathetic  nerve.  3.  By  voluntary  forced  opening  01  the  palpebral  fissure, 
whereby  the  pressure  of  the  eyelids  acting  on  the  eyeball  is  diminished.  4.  By  the  action  of  the 
oblique  muscles,  which  act  by  pulling  the  eyeball  inwards  and  forwards.  If  the  superior  oblique 
be  contracted  when  the  eyelids  are  forcibly  opened,  the  eyeball  may  be  protruded  about  i  mm. 
"When  protrusion  of  the  eyeball  occurs  pathologically  (as  in  I  and  2),  the  condition  b  called 
exophthalmos . 

Retraction  of  the  eyeball  is  the  opposite  condition,  and  is  caused — i.  By  closing  the  eye- 
lids forcibly.  2.  By  an  empty  condition  of  the  retrobulbar  blood-vessels,  diminished  succulence, 
or  disappearance  of  the  tissue  of  the  orbit.  3.  Section  of  the  cervical  sympathetic  in  dogs  causes 
the  eyeball  to  sink  somewhat  in  the  orbit.  The  smooth  muscular  fibres  of  Tenon's  capsule  are 
perhaps  Antagonistic  in  their  action  to  the  four  recti  when  acting  together,  and  thus  prevent  the 
eyeball  from  being  drawn  too  far  backwards.  Many  animals  have  a  special  retractor  bulbi 
moscle,  e,  g,,  amphibians,  reptiles,  and  many  mammals ;  the  ruminants  have  four. 

The  movements  of  the  eyes  are  almost  always  accompanied  by  similar  move- 
ments of  the  head,  chiefly  on  looking  upwards,  less  so  on  looking  laterally,  and 
least  of  all  when  looking  downwards. 

The  difficult  investigations  on  the  movements  of  the  eyeballs  have  been  carried  out,  especially 
by  Listing,  Meissner,  Helmholtz,  Bonders,  A.  Fick,  and  £.  Hering. 

Axes. — All  the  movements  of  the  eyeball  take  place  round  its  point  of 
rotation  (fig.  696,  O),  which  lies  1.77  mm.  behind  the  centre  of  the  visual 
axis,  or  10.957  mm.  from  the  vertex  of  the  cornea  {Danders),  Ir^  order  to 
determine  more  carefully  the  movements  of  the  eyeball,  it  is  necessary  to  have 
certain  definite  data  :  i.  The  visual  axis  (S,  Si),  or  the  antero-posterior  axis 
of  the  eyeball,  unites  the  point  of  rotation  with  the  fovea  centralis,  and  is  con- 
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tinued  straight  forwards  to  the  vertex  of  the  cornea.  2.  The  transverse,  or 
horizontal  axis  (Q,  Qi),  is  the  straight  line  connecting  the  points  of  rotation 
of  both  eyes  and  its  extension  outwards.  Of  course,  it  is  at  right  angles  to  x. 
3.  The  vertical  axis  passes  vertically  through  the  point  of  rotation  at  right 
angles  to  i  and  2.  These  three  axes  form  a  co-ordinate  system.  We  must 
imagine  that  in  the  orbit  there  is  a  fixed  determinate  axial  S)rstem,  whose  point 
of  intersection  corresponds  with  the  point  of  rotation  of  the  eyeball.  When 
the  eye  is  at  rest  (primary  position),  the  three  axes  of  the  eyeball  completely 
coincide  with  the  three  axes  of  the  co-ordinate  system  in  the  orbit.  When  the 
eyeball,  however,  is  moved,  two  or  more  axes  are  displaced  from  this,  so  that 
they  must  form  angles  with  the  fixed  orbital  S3rstem. 

Planes  of  Separation. — In  order  to  be  more  exact,  and  also  partly  for 
,  further  estimations,  let  us  suppose  three  planes  passing  through  the  eyeball,  and 
that  their  position  is  secured  by  any  two  axes.  i.  The  horizontal  plane  of 
separation  divides  the  eyeball  into  an  upper  and  lower  half;  it  is  determined 
by  the  visual  transverse  axis.  In  its  course  through  the  retina  it  forms  the  hori- 
zontal line  of  separation  of  the  latter ;  the  coats  of  the  eyeball  itself  cot 
it  in  their  horizontal  meridian.  2.  The  vertical  plane  divides  the  eyeball 
into  an  inner  and  outer  half;  it  is  determined  by  the  visual  and  vertical  axes. 
It  cuts  the  retina  in  the  vertical  line  of  separation  of  the  latter  and  the 
periphery  of  the  bulb  in  the  vertical  meridian  of  the  eyeball.  3.  The  equato- 
rial plane  divides  the  eyeball  into  an  anterior  and  posterior  half;  its  position 
is  determined  by  the  vertical  and  transverse  axes,  and  it  cuts  the  sclerotic  in 
the  equator  of  the  eyeball.  The  horizontal  and  vertical  lines  of  separadon  of 
the  retina,  which  intersect  in  the  fovea  centralis,  divide  the  rerina  into  four 
quadrants. 

In  order  to  deBne  more  precisely  the  movements  of  the  eyeball,  v.  Helmholtz  has  introdaced 
the  following  terms:  He  calls  the  straight  line  which  connects  the  point  of  rotation  of  the  eve 
with  the  fix^  point  in  the  outer  world,  the  visual  line  (*<  Blicklinie  "),  while  a  plane  passii^ 
through  these  lines  in  both  eyes  he  called  the  visual  plane  ;  the  ground  line  of  this  plane  is  tbe 
line  uniting  the  two  points  of  rotation,  viz.,  the  transverse  axis  of  the  eyeball.  Suppose  & 
sagittal  section  (ant ero -posterior)  to  be  made  through  the  head,  so  as  to  divide  the  latter  into  1 
right  and  left  half,  then  this  plane  would  halve  the  ground  line  of  the  visual  plane,  and  wiics 
prolonged  forward  would  intersect  the  visual  plane  in  the  median  line.  The  visual  point  of  tbe 
eye  can  be  (i)  raised  or  lowered — tbe  field  which  it  traverses  being  called  the  visual  field 
("  Blickfeld ") ;  it  is  part  of  a  spherical  surface  with  the  point  of  rotation  of  the  eye  in  is 
centre.  Proceeding  from  the  primary  position  of  both  eyes,  which  is  characterized  by  bock 
visual  lines  being  parallel  with  each  other  and  horizontal,  then  the  elevation  of  the  visual  i^iae 
can  be  determined  by  the  angle  which  this  forms  with  the  plane  of  the  primary  posiiioa.  T\m 
angle  is  called  the  angle  of  elevation — it  is  positive  when  the  visual  plane  is  raised  (to  the  fore- 
head), and  negative  when  it  is  lowered  (chinwards).  (2)  From  the  primary  position  tbe  vissij 
line  can  be  turned  laterally  in  the  visual  plane.  The  extent  of  this  lateral  deviation  is  measared 
by  the  angle  of  lateral  rotation,  i.  e.,  by  the  angle  which  the  visual  line  forms  with  tbe 
median  line  of  the  visual  plane ;  it  is  said  to  be  positive  when  the  posterior  part  of  the  visal 
line  is  turned  to  the  right,  negative  when  to  the  lei|.  The  following  are  the  {xsitioas  of  tbe 
eyeball : — 

1.  Primary  position  [or  *' position  of  rest"],  in  which  both  the  lines  of 
vision  are  parallel  with  each  other,  and  the  visual  planes  are  horizontal.  The 
three  axes  of  the  eyeball  coincide  with  the  three  fixed  axes  of  the  co-ordiiutt 
system  in  the  orbit. 

2.  Secondary  positions  are  due  to  movements  of  the  eye  from  theprimirr 
position.  There  are  two  different  varieties — (a)  where  the  visual  lines  arc 
parallel,  but  are  directed  upwards  or  downwards.  The  transverse  axis  of  bod 
eyes  remains  the  same  as  in  the  primary  position  ;  the  deviations  of  the  otto 
two  axes  expressed  by  the  amount  of  the  angle  of  elevation  of  the  line  of 
vision.  (^)  The  second  variety  of  the  secondary  position  is  produced  bj  the 
convergence  or  divergence  of  the  lines  of  vbion.     In  this  variety  the  vcrtici! 
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axisy  round  which  the  lateral  rotation  takes  place,  remains  as  in  the  primary 
position  ;  the  other  axes  form  angles ;  the  amount  of  the  deviation  is  expressed 
by  the  "angle  of  lateral  rotation."  The  eye,  when  in  the  primary  position, 
can  be  rotated  from  this  position  42^  outwards,  45^  inwards,  34^  upwards,  and 
57°  downwards  (JSchuurmann), 

3.  Tertiary  position  is  the  position  brought  about  by  the  movements  of 
the  eye,  in  which  the  lines  of  vision  are  convergenty  and  are  at  the  same  time 
inclined  upwards  or  downwards. 

[Listing's  Law  is  that  which  expresses  the  movements  of  the  eyeball.  When  the  eyeball 
moves  from  the  primary  position,  or  position  of  rest,  the  angle  of  rotation  of  the  eye  in  the 
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Fig.  696. 
Scheme  of  the  action  of  the  ocular  muscles. 

second  position  is  the  same  as  if  the  eye  were  turned  about  a  fixed  axis  perpendicular  to  both 
the  first  and  the  second  positions  of  the  visual  line  (I/elmholit).'] 

All  the  three  axes  of  the  eye  are  no  longer  coincident  with  the  axes  in  the 
primary  position.  The  exact  direction  of  the  visual  lines  is  determined  by  the 
amount  of  the  angle  of  lateral  rotation  and  the  angle  of  elevation.  There  is 
still  another  important  point.  The  eyeball  is  always  rotated  at  the  same  time 
round  the  line  of  vision  and  round  its  axis  {Volkmantiy  Hering),  As  the  iris 
rotates  round  the  visual  line  like  a  wheel  round  its  axis,  this  rotation  is  called 
**  circular  rotation  "  Q^J^addrehung^)  of  the  eye,  which  is  always  connected 
-with  the  tertiary  positions.  Even  oblique  movements  may  be  regarded  as  com- 
posed of — (i)  a  rotation  round  the  vertical  axis,  and  (2)  roimd  the  transverse 
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axis ;  or  it  may  be  referred  to  rotation  round  a  single  constant  axis  placed 
between  the  above-named  axes,  passing  through  the  point  of  rotation  of  the 
eyebally  and  at  right  angles  to  the  secondary  and  primary  direction  of  the  visoal 
axis  (line  of  vision) — (^Listing),  The  amount  of  circular  rotation  is  mcasDred 
by  the  angle  which  the  horizontal  separation  line  of  the  retina  forms  with  the 
horizontal  separation  of  the  retina  of  the  eye  in  the  primary  position.  This 
angle  is  said  to  be  positive,  when  the  eye  itself  rotates  in  the  same  direction  as 
the  hand  of  a  watch  observed  by  the  same  eye,  /.  ^.,  when  the  upper  end  of  the 
vertical  line  of  separation  of  the  retina  is  turned  to  the  right. 

According  to  Douders,  the  angle  of  rotation  increases  with  the  angle  of  elevatioo  tod  the 
angle  of  lateral  rotation — it  may  exceed  10°.  With  equally  great  elevation  or  depressioo  of  ihe 
visual  plane,  the  rotation  is  greater,  the  greater  the  elevation  or  depression  of  the  lineofviskm. 

On  looking  upwards  in  the  tertiary  position,  the  upper  ends  of  the  vertical  lines  of  sqiaRtioo 
of  the  retina  diverge  ;  on  looking  downwards  they  converge.  If  the  visual  plane  be  raised,  tk 
eye,  when  it  deviates  laterally  to  the  rights  makes  a  circular  rotation  to  the  left.  When  the 
visual  plane  is  dqpressed,  on  deviating  the  eye  to  the  right  or  left,  there  is  a  correspoDding  circs- 
lar  rotation  to  the  right  or  left  Or  we  may  express  the  result  thus  :  When  the  angle  of  dera- 
tion and  the  angle  of  deviation  have  the  same  sign  (-f  or  — ),  then  the  rotation  of  the  cre- 
ball  is  negative ;  when,  however,  the  signs  are  unequal,  the  rotation  is  positive.  In  order  to 
make  the  circular  rotation  visible  in  one's  own  eye,  acconmiodate  one  eye  for  a  surface  divided 
by  vertical  and  horizontal  lines  until  a  positive  after-image  is  produced,  and  then  rapidly  rotits 
the  eye  into  the  third  position.  The  lines  of  the  after-image  then  form  angles  with  the  Unes  of 
the  background.  As  the  position  of  the  vertical  meridian  of  the  eye  is  important  from  a  pncti- 
cal  point  of  view,  it  is  necessary  to  note  that,  in  the  primary  and  secondary  positions  of  the  eyes, 
the  vertical  meridian  retains  its  vertical  position.  On  looking  to  the  left  and  upwards,  or  to  tbe 
right  and  downwards,  the  vertical  meridians  of  both  eyes  are  turned  to  the  left ;  conversdy,  tber 
are  turned  to  the  right  on  looking  to  the  left  and  downwards,  or  to  the  right  and  upwards. 

In  the  secondary  positions  of  the  eye,  rotation  of  the  axis  of  the  eye  never  occurs  {Listmgu 
Very  slight  rolling  of  the  eyes  occurs,  however,  when  the  head  is  inclined  towards  tbe  shoulder. 
and  in  the  direction  opposite  to  that  of  the  head ;  it  is  about  l°  for  every  10^  of  indinatioQ  of 
the  head  (Skrebittk). 

Ocular  Muscles. — The  movements  of  the  eyeball  are  accomplished  by 
means  of  the  four  straight  and  two  oblique  ocular  muscles  (fig.  697).  I& 
order  to  understand  the  action  of  each  of  these  muscles,  we  must  know  the 
plane  of  traction  of  the  muscles  and  the  axis  of  rotation  of  the  eyeball.  The 
plane  of  traction  is  found  by  the  plane  lying  in  the  middle  of  the  origin  and 
insertion  of  the  muscle  and  the  point  of  rotation  of  the  eyeball.  The  axis  of 
rotation  is  always  at  right  angles  to  the  plane  of  traction  in  the  point  of  rota- 
tion of  the. eyeball.  ' 

I.  The  rectus  internus  (I)  and  extemus  (E)  rotate  the  eye  almost  ex- 
actly inwards  and  outwards  (fig.  696).  The  plane  of  traction  lies  in  the  plane 
of  the  paper ;  Q,  E,  is  the  direction  of  the  traction  of  the  external  rectm ; 
Qj,  I,  that  of  the  internal.  The  axis  of  rotation  is  in  the  point  of  rotation. 
O,  at  right  angles  to  the  plane  of  the  paper,  so  that  it  coincides  with  the  verti- 
cal axis  of  the  eyeball.  2.  The  axis  of  rotation  of  the  R.  superior  and  in- 
ferior (the  dotted  line,  R.  sup.,  R.  inf.),  lies  in  the  horizontal  plane  of  sepa- 
ration of  the  eye,  but  it  forms  an  angle  of  about  ao*'  with  the  transverse  axis 
(Q>  Qi)>  the  direction  of  the  traction  for  both  muscles  is  indicated  by  ihe 
Ime,  s,  /'.  By  the  action  of  these  muscles,  the  cornea  is  turned  upwards  ^ 
slightly  inwards,  or  downwards  and  slightly  inwards.  3.  The  axis  of  rotatioc 
of  both  oblique  muscles  (the  dotted  lines.  Obi.  sup.  and  Obi.  inf.)  also  lies  ic 
the  horizontal  plane  of  separation  of  the  eyeball,  and  it  forms  an  angle  of  6c' 
with  the  transverse  axis.  The  direction  of  the  traction  of  the  iftferior  obliq* 
gives  the  line,  a,  b ;  that  of  the  superioKy  the  line,  c,  d.  The  action  of  these 
muscles,  therefore,  is  in  the  one  case  to  rotate  the  cornea  outwards  and  upwards, 
and  in  the  other  outwards  and  downwards.    These  actions,  of  course,  only 
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obtain  when  the  eyes  are  in  the  primary  position — in  every  other  position  the 
axis  of  rotation  of  each  muscle  changes. 

When  the  eyes  are  at  rest,  the  muscles  are  in  equilibrium.  Owing  to  the 
power  of  the  internal  recti,  the  visual  axes  converge  and  would  meet,  if  pro- 
longed 40  centimetres  in  front  of  the  eye.  In  the  movements  of  the  eyeball, 
one,  two,  or  three  muscles  may  be  concerned.  One  muscle  acts  only  when 
the  eye  is  moved  directly  outwards  or  inwards,  especially  the  internal  and  ex- 
ternal rectus.  Ttwo  muscles  act  when  the  eyeball  is  moved  directly  upwards 
(superior  rectus  and  inferior  obliquej  or  downwards  (inferior  rectus  and  superior 
oblique).  Three  muscles  are  in  action  when  the  eyeballs  take  a  diag- 
onal direction,  especially  for  inwards  and  upwards,  by  the  internal  and  the 
superior  rectus  and  inferior  oblique  ;  for  inwards  and  dmvnwards,  the  internal 
and  inferior  rectus  and  superior  oblique ;  for  outwards  and  downwards,  the  ex- 


Rg.  697. 
Lateral  view  of  tbe  mmclet  of  the  efdxUI.     ;,  Trochlea  <x  pulley  of  the  Enperior  oblique  mus- 
cle, 13.     6,  Optic  neire.     8,  Superior,  9,  inferiM',  aod   12,  external  rectui.     13,  Inferior 
oblique. 

ternal  and  inferior  rectus  and  superior  oblique  ;  for  outwards  and  upwards,  the 
external  and  superior  rectus  and  inferior  oblique. 

[The  following  table  shows  Che  action  of  the  muscles  of  the  eyeball : — 

ReclDt  inlemus. 

Rectus  inferior. 

Obliquus  superior. 

Rectus  exlemuB. 


Upwards, 
Dovrtrward!, 


Rectus  iatemus. 
Rectus  cut  em  us.  - 
Rectus  luperior. ' 
Obliquus  inrerior, 
Reclui  inferior. 
Obliquus  superioi 


Outwards  and 
apaiards. 


Outwards  and 


i      Rectus  inferior, 
Obliquus  superior,  <> 
model,  wbich  he  called  the 


^^T       \      Rectus  superior. 
up^rds  I      Obliquus  inferior. 

Rueie  imiiated  the  movements  of  the  e^balls  by 
ophthal  motrope . 

Tbe  extent  of  the  movements  of  the  eyeball  end  its  length  diminish  with  age.  The  molality 
is  lem  in  the  vertical  than  in  the  lateral  direction,  and  less  upwards  than  downwards.  The 
normal  and  myopic  eye  can  be  moved  more  outwards,  and  the  long-sighted  eye  more  inwards ; 
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the  external  and  internal  recti  act  most  when  the  e^e  is  moved  outwards,  the  oblique  when  it 
is  rotated  inwards.  An  eye  can  be  turned  inwards  to  a  greater  extent  when  the  other  eje  « 
the  same  time  is  turned  outwards  than  when  the  other  is  turned  inwards.  During  near  Tiaoa, 
the  right  eye  can  be  turned  less  to  the  right,  and  the  left  to  the  left,  thsm  during  dist&nt  viskm 

{Bering), 

Simultaneous  Ocular  Movements. — Both  eyes  are  always  moved  simal- 
taneously.  Even  when  one  eye  is  quite  blind  the  ocular  muscles  move  when 
the  whole  eyeball  is  excited.  When  the  head  is  straight  the  movements  always 
take  place  so  that  both  visual  planes  (visual  axes)  lie  in  the  same  plane.  In 
front  both  visual  axes  can  diverge  only  to  a  trifling  extent,  while  they  can  con- 
verge considerably.  If  individual  ocular  muscles  are  paralyzed,  the  position 
of  the  visual  axis  in  the  same  plane  is  disturbed,  and  squinting  results,  so  that 
the  patient  no  longer  can  direct  both  visual  axes  simultaneously  to  the  same 
point,  but  he  directs  the  one  eye  after  the  other.  Even  nystagmus  (p.  920) 
occurs  in  both  eyes  simultaneously  and  in  the  same  direction.  The  innate 
simultaneous  movement  of  both  eyes  is  spoken  of  as  an  associated  movement 
{Joh,  MUller).  E,  Hering  showed  that  in  all  ocular  movements  there  is  a 
uniformity  of  the  innervation  as  well.  Even  during  such  movements  in  which 
one  eye  apparently  is  at  rest,  there  is  a  movement;  due  to  the  action  of  two 
antagonistic  forces,  the  movements  resulting  in  a  slight  to  and  fro  motion  of 
the  eyeball. 

The  motor  nerves  of  the  ocular  muscles  are  the  oculomotorius  f  {  345),  the  trochlearis  ({  346), 
and  the  abducens  (J  348).  The  centre  lies  in  the  corpora  qqadrigemina,  apd  bdow  it  ({  379), 
and  partly  in  the  medulla  oblongata  (}  379). 

400.  BINOCULAR  VISION.— Advantages.— Vision  with  bbth  eyes 
affords  the  following  advantages :  (i)  The  field  of  vision  of  both  eyes  is  con- 
siderably larger  than  that  of  one  eye.  (a)  The  perception  of  depth  is  rendered 
easier,  as  the  retinal  images  are  obtained  from  two  different  points.  (3)  A 
more  exact  estimate  of  the  distance  and  size  of  an  object  can  be  formed,  in 
consequence  of  the  perception  of  the  degree  of  convergence  of  both  eyes.  (4) 
The  correction  of  certain  errors  in  the  one  eye  is  rendered  possible  by  the  other. 

When  the  position  of  the  head  is  fixedf  we  can  easily  form  a  conceptioa  as  to  the  form  af  tit 
entire  field  of  tnsion  if  we  close  one  eye  and  direct  the  open  eye  inwards.  We  obsenre  that  it  n 
pear-shaped,  broad  above  and  smaller  below,  the  sUhouette,  or  profile  of  the  nose,  causes  the 
depression  between  the  upper  and  lower  part  of  the  field. 

401.  IDENTICAL  POINTS— HOROPTER.— Identical  Points. 

— If  we  imagine  the  retinse  of  both  eyes  to  be  a  pair  of  hollow  saucers  placed 
one  within  the  other,  so  that  the  yellow  spots  of  both  eyes  coincide,  and  abo 
the  similar  quadrants  of  the  retinse,  then  all  those  points  of  both  retinae  whicfa 
coincide  or  cover  each  other  are  called  "  identical "  or  "  corresponding 
points "  of  the  retina.  The  two  meridians  which  separate  the  quadrants 
coiAciding  with  each  other  are  called  the  ^' lines  of  separation."  Physio- 
logically, the  identical  points  are  characterized  by  the  fact  that,  when  they  are 
both  simultaneously  excited  by  light,  the  excitement  proceeding  from  them  is, 
by  a  psychical  act,  referred  to  one  and  the  same  point  of  the  field  of  vision, 
lying,  of  course,  in  a  direction  through  the  nodal  point  of  each  eye.  Stimula- 
tion of  both  identical  points  causes  only  one  image  in  the  field  of  vision.  Heooe 
all  those  objects  of  the  external  world  whose  rays  of  light  pass  through  die 
nodal  points  to  fall  upon  identical  points  of  the  retina,  are  seen  singly^  because 
their  images  from  both  eyes  are  referred  to  the  same  point  of  the  field  of  viskja, 
so  that  they  cover  each  other.  All  other  objects  whose  images  do  not  fall  npoo 
identical  points  of  the  retina  cause  double  vision,  or  diplopia. 

Proofs. — If  we  look  at  a  linear  object  with  the  points  i,  2,  3,  then  the  correspoDdiag  reti&a] 
images  are  I,  2,  3,  and  i,  2,  3,  which  are  obviously  identical  points  of  the  retinae  (fig.  69S).    lA 
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while  looking  at  this  line,  there  be  a  point,  A,  nearer  the  ejres,  or  B,  further  from  them,  then, 
on  focussing  for  I,  2, 3»  neither  the  rays  (A,  a,  A,  a)  coming  from  A,  nor  those  (B,  d,  B,  d)  from 
B,  fall  upon  identical  points ;  hence  A  and  B  appear  double. 

Make  a  point  {e-g^.,  2)  with  ink  on  paper;  of  course  the  image  will  fall  upon  both  foveae  cen- 
trales of  the  retinx  (2,  2),  which  of  course  are  identical  points.  Now  press  laterally  upon  one 
eye,  so  as  to  displace  it  slightly,  then  two  points  at  once  appear,  because  the  image  of  the  point 
no  longer  falls  upon  the  fovea  centralis  of  the  displaced  eye,  but  on  an  adjoining  non-identical 
part  of  the  retina.    When  we  squint  voluntarily  all  objects  appear  double. 

The  vertical  surfaces  of  separation  of  the  retina  do  not  exactly  coincide  with  the  vertical 
meridians.  There  is  a  certain  amount  of  divergence  (0.5^-3^),  less  above,  which  varies  in 
different  individuals,  and  it  may  be  in  the  same  individual  at  different  times  {^Herine).  The 
horizontal  lines  of  separation,  however,  coincide.  Images  which  fall  upon  the  vertical  lines  of 
separation  appear  to  be  vertical  to  those  on  the  horizonUl  lines,  although  they  are  not  actually 
so.  Hence,  Uie  vertical  lines  of  separation  are  the  apparent  vertical  meridians.  Some  observers 
regard  the  identical  points  of  the  retina  as  an  acquired  arrangement ;  others  regard  it  as  nor- 
mally innate.  Persons  who  have  had  a  squint  from  their  birth  see  singly ;  in  these  cases,  the 
identical  points  must  be  differently  disposed. 

The  horopter  represents  all  those  points  of  the  outer  world  from  which  rays 
of  light  passing  into  both  eyes  fall  upon  identical  points  of  the  retina,  the  eyes 
being  in  a  certain  position.     It  varies  with  the  different  positions  of  the  eyes. 


Fig.  698. 

Scheme  of  identical  and  non-identical  points 

of  the  retina. 


Fig.  699. 

Horopter  for  the  secondary  position,  with 
convergence  of  the  visual  axes. 


1.  In  the  primary  position  of  both  eyes  with  the  visual  axes  parallel,  the  rays  of  direction 
proceeding  from  two  identical  points  of  the  two  retinae  are  parallel  and  intersect  only  at  infinity. 
Hence  for  the  primary  position  the  horopter  is  a  plane  in  infinity. 

2.  In  the  secondaiy  position  of  the  eyes  with  converging  visual  axes,  the  horopter  for  the 
transverse  lines  of  separation  is  a  circle  which  passes  through  the  nodal  points  of  both  eyes  (fig. 
699,  K,  Kj),  and  through  the  fixed  points  I,  II,  III.  The  horopter  of  the  vertical  lines  of  sepa- 
ration is  in  this  position  vertical  to  the  plane  of  vision. 

3.  In  the  symmetrical  tertiary  position,  in  which  the  horizontal  and  vertical  lines  of  separa- 
tion form  an  angle,  the  horopter  of  the  vertical  lines  of  separation  is  a  straight  line  inclined 
towards  the  horizon.  There  is  no  horopter  for  the  identical  points  of  the  horizontal  lines  of  sepa< 
ration,  as  the  lines  of  direction  prolonged  from  the  identical  points  of  these  points  do  not 
intersect. 

4.  In  the  unsymmetrical  tertiary  position  ^with  rolling)  of  the  eyes,  in  which  the  fixed  point 
lies  at  unequal  distances  from  both  nodal  pomts,  the  horopter  b  a  curve  of  a  complex  form. 

All  objects,  the  rays  proceeding  from  which  fall  upon  non-identical  points 
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of  the  retinae,  appear  double.  We  can  distinguish  dirtet  or  erossed  doable 
images,  according  as  the  rays  prolonged  from  Ae  non-identical  points  of  the 
retina  intersect  in  front  of  or  behind  the  fixed  point. 

Experiment, — Hold  two  fiogen—the  one  behind  ihe  other—berore  both  e^es-  AccomnodME 
for  the  fkr  one  uid  then  the  near  one  appears  double,  and  when  we  accommodate  for  (be  neir 
one  the  far  one  ^ipean  double.  If,  when  accommodating  for  the  near  one,  the  liefat  ejt  be 
closed,  tbe  led  (crossed)  image  of  the  Ear  finger  disappean.  On  accommodatilig  for  Ibe  hr 
linger  and  dosing  the  right  eje,  (he  right  (direct)  double  image  of  the  near  ftnger  disappean. 

Double  images  are  referred  to  the  proper  distance  from  the  eyes  jusl  as  single 
images  are. 

Neglect  of  Double  Images. — Notwithstanding  the  very  large  number  of 
double  images  which  must  be  formed  during  vision,  they  do  not  distuib 
vision.  As  a  general  rule,  they  are  "  neglected,"  so  that  the  attention  mtist, 
as  a  rule,  be  directed  to  them  before  they  are  perceived.  This  condition  is 
favored  thus : — 

1.  The  attention  is  always  directed  to  the  point  of  the  Geld  of  viskm  which  it  acoonuBodMal 
far  at  the  time.  The  image  of  this  part  is  projected  on  (o  both  jellow  spots,  which  are  tdentical 
points  of  the  retina. 

2.  The  form  and  color  of  object*  on  the  lateral  parti  of  the  retina  are  not  perceiitd  m 
sharply. 


fig.  700. 
Stereoieofde  views  of  blocki  of  wood. 

3.  Tbe  eye*  are  alwajsaccoinin(ida(edfor  (hose  points  which  are  looked  at.  Hence,  infitBO 
images  with  diffusion  drcles  are  always  formed  by  those  object*  which  yield  doable  imago,  k 
that  (liey  can  be  more  readily  Delected. 

4.  Many  double  Jmices  lie  ta  close  (ogcther  that  the  greater  pMt  of  them,  whoi  the  ii«ig» 
are  large,  coven  the  other. 

5.  By  practice  images  which  do  not  exactly  coincide  may  be  tmited. 

403.  STEREOSCOPIC  VISION.— On  looking  at  an  object,  both  cfa 
do  not  yield  exactly  similar  images  of  that  object — the  images  are  slightly  difo- 
ent,  because  the  two  eyes  look  at  the  object  from  two  different  points  of  view- 
With  the  right  eye  we  can  see  more  of  the  side  of  the  body  directed  towuds  it. 
and  the  same  is  the  case  with  the  left  eye.  Fig.  700  shows  the  appeannce  of 
blocks  of  wood  as  viewed  by  the  right  and  left  eyes  respectively.  Notwith- 
standing this  inequality,  the  two  images  are  united.  How  two  difiierent  image 
are  combined  is  best  understood  by  analyzing  the  stereoscopic  images. 

t.et,  infig.  701,  Land  R  represent  (wo  such  images  as  are  obtained  with  the  left  and  P^ 
eyes.     These  images,  when  seen  with  a  stereoscope,  look  like  a  truncated  pyramid,  whidi  pv- 
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Fig.  701. 
Two  stereoscopic  drawings. 


jects  towards  the  eye  of  the  observer,  as  the  points  indicated  by  the  same  signs  cover  each  other. 
On  measuring  the  distance  of  the  points,  which  coincide  or  cover  each  other  in  both  figures,  we 
find  that  the  distances  A,  a,  B,  ^,  C,  ^,  D,  d  are  equally  great,  and  at  the  same  time  are  the 
widest  of  all  the  points  of  both  figures ;  the  distances  E,  ^,  F,  /,  G,^,  H,  h  are  also  equal,  but  are 
smalltr  than  the  former.  On  looking  at  the  coinciding  lines  (A,  £,  0,  ^,  and  B,  F,  ^,/),  we 
observe  that  all  the  points  of  this  line  which  lie  nearer  to  A  a  and  B  b  are  farther  apart  than 
those  lying  nearer  E  e  and  F  /. 

Comparing  these  results  with  the  stereoscopic  image,  we  have  the  following 
laws  for  stereoscopic  vision  :  i.  All  those  points  of  two  stereoscopic  images, 
and  of  course  of  two  retinal  images  of  an  object,  which  in  both  images  are 
equally  distant  from  each  other,  appear  on  the  same  plane,  a.  All  points  which 
are  nearer  to  each  other,  compared  with  the  distance  of  other  points,  appear  to 
be  nearer  to  the  observer.  3.  Conversely,  all  points 
which  lie  further  apart  from  each  other  appear  per-   A  C 

spectively  in  the  background. 

The  cause  of  this  phenomenon  lies  in  the  fact 
that,  '*  in  vision  with  both  eyes  we  constantly  refer 
the  position  of  the  individual  images  in  the  direc- 
tion of  the  visual  axis  to  where  they  both  intersect.*' 

Proofs. — The  following  stereoscopic  experiment  proves  this 
(fig.  703)  :  Take  both  images  of  two  pairs  of  points  (a,  3, 
and  a,  ^),  which  are  at  unequal  distances  from  each  other  on 
the  surface  of  the  paper,  by  means  of  small  stereoscopic 
prisms  cause  them  to  coincide,  then  the  combined  point,  A  of  a, 
and  a  appears  at  a  distance  on  the  plane  of  the  paper,  while  the  other  point,  B,  {Mroduced  by  the 
superposition  of  b  and  /?,  floats  in  the  air  before  the  observer.  Fig.  703  shows  how  this  occurs. 
The  following  experiment  shows  the  same  result :  Draw  two  figures,  which  are  to  be  superposed 
similar  to  the  lines  B  A,  A  E,  ^  a,  and  a  e^  in  fig.  701.  In  the  lines  B  A,  and  b  a,  all  the  points 
which  are  to  be  superposed  lie  equally  distant  &om  each  other,  while,  on  the  contrary,  all  the 
pcnnts  in  A  E,  and  a  ^,  which  lie  nearer  E  and  e,  are  constantly  nearer  to  each  other.  When 
looked  at  with  a  stereoscope,  the  superposed  verticals,  A  B,  and  a  b,  lie  in  the  plane  of  the  paper, 
while  the  superposed  lines,  A  E,  and  a  e,  project  obliquely  towards  the  observer  fix>m  the  plane  of 
the  paper.  From  these  two  fundamental  experiments  we  may  analyze  all  pairs  of  stereoscopic 
pictures.  Thus,  in  fig.  701,  if  we  exchange  the  two  pictures,  so  that  R  lies  in  the  place  of  L, 
then  we  must  obtain  the  impression  of  a  truncated  hctllow  pyramid. 

Two  stereoscopic  pictures,  which  are  so  constructed  that  the  one  contains  the  body  from  the 
front  and  above,  and  the  other  it  from  the  front  and  below  (suppose  in  fig.  702  the  lines  A  B,  and 
a  bf  were  the  ground  lines),  can  never  be  superposed  by  means  of  the  stereoscope. 

This  process  has  been  explained  in  another  way.  Of  the  two  figures,  R  and 
L  (fig.  701),  only  A  B  C  D,  and  abed,  fell  upon  identical  points  of  the  retina, 
hence  these  alone  can  be  superposed ;  or,  when  there  is  a  different  convergence 
of  the  visual  axis,  only  £  F  G  H,  and  e  f  ghi  can  be  superposed,  for  the  same 
reason.  Suppose  the  square  ground  surfaces  of  the  figures  are  first  superposed, 
in  order  to  explain  the  stereoscopic  impression,  it  is  further  assumed  that  both 
eyes,  after  superposition  of  the  ground  squares,  are  rapidly  moved  towards  the 
apex  of  the  pyramid.  As  the  axis  of  the  eyes  must  thereby  converge  more 
and  more,  the  apex  of  the  pyramid  appears  to  project,  as  all  points  which  re- 
quire the  convergence  of  the  eyes  for  their  vision  appear  to  us  to  be  nearer 
(see  p.  1000).  Thus,  all  corresponding  parts^of  both  figures  would  be  brought, 
one  after  the  other,  upon  identical  points  of  the  retina  by  the  movements  of  the 
eyes  (^Brucke), 

It  has  been  urged  against  this  view  that  the  duration  of  an  electrical  spark 
suffices  for  stereoscopic  vision  (^Dave) — a  time  which  b  quite  insufficient  for  the 
movements  of  the  eyes.  Although  this  may  be  true  for  many  figures,  yet  in  the 
correct  combination  of  complex  or  extraordinary  figures,  these  movements  of 
the  visual  axes  are  not  excluded,  and  in  many  individuals  they  are  distinctly 
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advantageous.     Not  only  the  actual  movements  necessary  for  this  act,  but  the 
sensations  derived  from  the  muscles  are  also  concerned. 

When  two  figures  are  momentarily  combined  to  form  a  stereoscopic  picture, 
there  being  no  movement  of  the  eyes,  clearly  many  points  in  the  stereoscopic 
pictures  are  superposed  which,  strictly  speaking,  do  not  fall  upon  identical 
points  of  the  retina.  Hence  we  cannot  characterize  the  identical  points  of  the 
retina  as  coinciding  mathematically ;  but  from  a  physiological  point  of  viev 
we  must  regard  such  points  as  identical,  which,  as  a  rule^  by  simultaneoos 
stimulation,  give  rise  to  a  single  image.  The  mind  obviously  plays  a  part  in 
this  combination  of  images.  There  is  a  certain  psychical  tendency  to  fuse  tbe 
double  images  on  the  retinae  into  one  image,  in  accordance  with  the  fzcX  that 
we,  from  experience,  recognize  the  existence  of  a  single  object.  If  the 
differences  between  two  stereoscopic  pictures  be  too  great,  so  that  parts  of  the 


Fig.  702. 
Wheatstone's  stereoicope. 


Fig.  703. 
Scheme  of  Brewst^*s 


retina  too  wide  apart  are  excited  thereby,  or  when  new  lines  are  present  in  a 
picture,  and  do  not  admit  of  a  stereoscopic  effect,  or  disturb  the  combinati<»i, 
then  the  stereoscopic  eSect  ceases. 

The  stereoscope  is  an  instrument  by  means  of  which  two  somewhat  similar  pictures  dnvs 
in  perspective  may  be  superposed  so  that  they  appear  single.  Wheatstone  (1838)  obtained  tbs 
result  by  means  of  two  mirrors  placed  at  an  angle  (fig.  702) ;  Brewster  (1843)  ^  ^"^"^  prissi 
(fig.  703).     The  construction  and  mode  of  action  are  obvious  from  the  illustratioos. 

Some  pairs  of  two  such  pictures  may  be  combined,  without  a  stereoscope,  by  directing  tbe 
visual  axis  of  each  eye  to  the  picture  held  oi^x)site  to  it. 

Two  completely  identical  pictures,  f.  /.,  in  which  all  corresponding  points  have  exactly  the  saos 
relation  to  each  other,  as  the  same  sides  of  two  copies  of  a  book,  appear  quite  fls^  under  die 
stereoscope ;  as  soon,  however,  as  in  one  of  them  one  or  more  points  alters  its  relatioa  10  the  cor- 
responding points,  this  point  either  projects  or  recedes  from  the  plane. 

Telestereoscope. — ^When  objects  placed  at  a  great  distance  are  looked  at,  r.  g^  tbe  wsA 
distant  part  of  a  landscape,  they  appear  to  us  to  be  flat,  as  in  a  picture,  and  do  not  stand  oat, 
because  the  slight  differences  of  position  of  our  eyes  in  the  head  are  not  to  be  compared  w<k 
the  great  distance.     In  order  to  obtain  a  stereoscopic  view  of  such  objects,  v.  Hdmholtz  coo- 
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nnictcd  the  I ele stereoscope  (fie-  704),  an  apptntiu  nhich  by  meant 
place*,  u  it  wae,  the  point  of  view  of  both  eyes  wider  apart.  Of  the  m 
jects  its  image  of  the  luidtcape  upon  /  and  r,  to  which  both  eyea, 
O,  K,  are  directed.  According  to  the  distance  between  L  and  R, 
the  e;ca,  O,  0,  as  it  wese,  are  displaced  lo  O,,  0,.  The  distant  land- 
scape appears  like  a  stcreoacoidc  view.  In  order  to  >ee  distant 
parts  more  clearly  and  nearer,  a  double  telescope  or  opera^law 
may  be  placed  in  boat  of  the  cyei. 

Take  two  correspondiog  stereoKopic  pictntes,  with  the  snr&cca 
black  in  one  case  and  light  in  the  other.  Draw  two  tnincated  pyra- 
mid*, like  (ig.  701,  make  one  fignre  exactly  like  L,  ■■  r.,  with  a 
white  aarface  and  black  lines,  and  the  other  with  white  lines  and 
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Fig.  704-  Fig.  70s. 

Telestereoaci^of  v.  Helmhcdts.  Wheatstoae's  pseudoscope. 

a  black  snriace,  then  nnder  the  stereoscope  such  objects  glance.  The  cause  of  the  glancing 
condition  is  that  the  glancti^  body  at  ■  certain  distance  reflects  bright  ligftt  into  one  eye  and  not 
into  the  other,  biecanse  a  ray  reflected  at  an  angle  canikol  enter  both  eyea  nmnltaiieoDsly  (Dm/t). 
WbeatBtone'e  Pseudoscope  consists  of  two  right-angled  priMns(^.  705,  A  and  B)  enclosed 
in  a  tnbe,  throi^h  which  we  can  look  in  a  direction  parallel  with  thesnr^cesof  the  hypothenuses. 
If  a  *pheiical  inr&ce  be  looked  at  with  this  instrument,  the  image  formed  in  each  eye  is  inverted 
laterally.  The  tight  eye  sees  the  view  osuAllf  obtained  by  the  left  eje  and  couvenelyi  the 
shadow  which  the  body  in  the  light  throws  upon  a  light  ground  it  revoied.     Hence  the  ball 

Struggle  of  the  Pields  of  Vision. — The  dereoscope  is  alio  usefiil  for  the  fbllowic^  pnt- 
poae  ;  In  vision  with  both  eyes,  both  eyes  are  almost  never  active  simultaneously  and  to  the 
same  extent;  both  andergo  variations,  so  that  flrst  the  impression  on  the  one  relin*  and  then  that 
on  the  other  is  strongn.  If  two  diflerent  tarheet  be  placed  in  a  stereoscope,  then,  especially 
when  they  are  luminous,  theae  two  alteniale  in  the  general  field  of  vision,  according  as  one  or 
other  eye  is  active  (PaitHm).  Take  two  surfaces  with  lines  ruled  on  them,  so  that  when  the 
mrtues  sre  superposed  the  unes  will  cross  each  other,  then  dther  tlie  one  or  the  other  system  of 
lines  is  more  prominent  (/*dM«in).  The  some  is  true  with  coloted  stereoscofnc  figures,  so  that 
there  is  a  contest  or  strt^Eg'^  o^  ^'  colored  fields  of  vision. 

403.  ESTIMATION  OF  SIZE  AND  DISTANCE.— Size.— We 
estimate  the  size  of  an  object — apart  from  all  other  factors — from  the  size  of 
the  retinal  image ;  thus  the  moon  is  estimated  to  be  larger  than  the  stars. 
If,  while  looking  at  a  distant  landscape,  a  fly  should  suddenly  pass  across  otir  field 
of  vision,  near  to  our  eye,  then  the  image  of  the  fly,  owing  to  the  relatively  great 
size  of  the  retinal  image,  may  give  one  the  impression  of  an  object  as  large  as 
a  bird.  If,  owing  to  defective  accommodation,  the  image  gives  rise  to  diffusion 
circles,  the  size  may  appear  to  be  even  greater.  But  objects  of  very  unequal 
size  give  equally  large  retinal  images,  especially  if  they  arc  placed  at  such  a 
distance  that  they  form  the  same  visual  angle  (flg.  658) ;  so  that  in  estimating 
the  actual  size  of  an  object,  as  opposed  to  the  apparent  size  determined 
by  the  visual  angle,  the  estimate  of  distame  is  of  the  greatest  importance. 

As  to  the  distance  of  an  object,  we  obtain  some  information  lirom  the 
feeling  of  accommodation,  as  a  greater  effort  of  the  muscle  of  accommoda- 
tion  is  required  for  exact  vision  of  a  near  object  than  for  seeing  a  distant 
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one.  But,  as  with  two  objecjts  at  unequal  distances  giving  retinal  images  of  the 
same  size,  we  know  from  experience  that  that  object  is  smaller  which  b  near, 
then  that  object  is  estimated  to  be  the  smaller  for  which,  during  vision,  we  must 
accommodate  more  strongly. 

In  this  way  we  explain  the  following :  A  person  beginning  to  use  a  microscope  always  ob- 
serves with  li^  eyes  accommodated  for  a  near  object,  while  one  used  to  the  microscope  looks 
through  it  without  accommodating.  Hence  banners  always  estimate  microscopic  objects  ts 
too  small,  and  on  making  a  drawing  of  them  it  is  too  small.  If  we  produce  an  aiier-image  in 
one  eye,  it  at  once  appears  smaller  on  accommodating  for  a  near  object,  and  again  beooaei 
larger  during  negative  accommodatiou.  If  we  look  with  one  eye  at  a  small  body  placed  as  neir 
as  possible  to  the  eye,  then  a  body  lying  behind  it,  but  seen  only  indirectly,  appeara  smaller. 

Angle  of  Convergence  of  Visual  Axes. — In  estimating  the  size  of  an 
object,  and  taking  into  account  our  estimate  of  its  distance,  we  also  obtain  much 
more  important  information  from  the  degree  of  convergence  of  the  visual 
axes.  We  refer  the  position  of  an  object  viewed  with  both  eyes,  to  the 
point  where  both  visual  axes  intersect.  The  angle  formed  by  the  two  visual 
axes  at  this  point  is  called  the  ''  angle  of  convergence  of  the  visual  axes  " 
(**  GesichtswinkeV^).  The  larger,  therefore,  the  visual  angle,  the  size  of  the 
retinal  image  remaining  the  same — we  judge  the  object  to  be  nearer.  The 
nearer  the  object  is,  it  may  be  the  smaller,  in  order  to  form  a  ''visual 
angle  "  of  the  same  size,  such  as  a  distant  large  object  would  give.     Hence, 

we  conclude,  that  with  the  same  apparent  size 
(equally  large  visual  angle,  or  retinal  images 
of  the  same  size)  we  judge  that  object  to  be 
smallest  which  gives  the  greatest  convergence 
of  the  visual  axes  during  binocular  vision. 
As  to  the  muscular  exertion  necessary  fur 
this  purpose,  we  obtain  information  from  the 
muscular  sense  of  the  ocular  muscles. 


Fig.  706. 
Rollcftt's  glass  plate  apparatus. 


Experiments  and  Prool«. — The 
phenomenon  of  H.  Meyer — i.  If  we  look  at  a 
form  chess-board-like  pattern  (tapestry  or  carpet),  thcs. 
when  the  visual  axes  are  directea  directly  forward^  ibe 
spaces  on  the  pattern  sppear  of  a  certain  sise.  I4os». 
we  look  at  a  nearer  object,  we  may  cause  the  viasil 
axes  to  cross,  when  die  pattern  appaiciHly 
towards  thepUne  of  the  fixed  point,  so  tnat  the 
doable  im««t  ve  tapenMMed.  and  the  pattOB  tt 
appears  smaller. 

a.  Rollett  looks  St  sn  object  through  two  thick 
of  glass  pkced  st  sn  angle.  The  pistes  are  at 
so  placea  that  the  apex  of  the  angle  is  directed  towaids 
the  obserrer  (fig.  700,  II),  at  another  in  the  reverse  poa- 
tioii  (I).  If  both  eyes,/snd  t»  sre  to  see  the  object  a,  in  I,  ttien  ss  the  glsas  plates  so  dbphse 
the  rays,  a^  c,  and  a,  ^,  as  to  make  them  parallel  with  the  directkm  of  these  rays,  vis^  e^K  aad  i, 
f ,  then  the  eyes  must  eonvergt  more  than  when  they  are  tamed  directly  towairds  «.  Henoe  the 
object  appears  nearer  and  snudler,  as  at  a.  In  II,  the  ra3rs,  ij,  i,  snd  ^|  o^  from  the  neaicr  obfect 
^j,  fall  upon  the  glass  plates.  In  order  to  see  ^|,  the  eyes  {n  and  q)  must  diverge  more,  so  tkit 
b  appears  more  distant  and  larger. 

3.  In  looking  through  Wheatsion^s  re/Uctmg  stereoscope  (fig.  703),  it  n  obrkms  that  the  msR 
the  two  imsges  approach  the  observer,  the  more  must  the  obsover  converge  his  vianal  axc8»  he- 
cause  the  angles  of  incidence  and  rdSection  are  greater.  Hence  the  compoond  pictare  mom 
appears  to  him  to  be  smaller.  If  the  centre  of  the  image,  R,  recedes  to  R,,  then  oc  coarse  the 
angle,  Sjj,  rp^  is  equal  to  Sj,  rR,,  and  the  same  on  the  left  side. 

4.  In  using  the  telesiereoscope,  the  two  ejres  are,  as  it  were,  separated  firom  each  other,  thea  of 
course  in  looking  at  objects  at  a  certain  distance  the  convergence  of  the  visual  axes  arait  bt 
greater  than  in  normal  ^on.     Hence,  objects  in  a  landscape  sppear  as  in  a  small  model.    Bat 
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Estimation  of  Distance. — When  the  retinal  images  are  of  Ihe  same  size, 
we  estimate  the  disUnce  to  be  greater  the  less  the  effort  of  accommodation, 
and  conversely.  In  binocular  vision,  when  the  retinal  images  are  of  the  same 
size,  we  infer  that  that  object  is  most  distant  for  which  the  optic  axes  are  least 
converged,  and  conversely.  Thus,  the  estimation  of  size  and  distance  go  hand 
in  hand,  in  great  part  at  least,  and  the  correct  estimation  of  the  distance  also 
gives  us  a  correct  estimate  of  the  size  of  objects  {Descartes).  A  further  aid  to 
the  estimation  of  distance  is  the  observation  of  the  apparent  dUplaeemeni  of  ob- 
jects, on  moving  our  head  or  body.  In  the  latter,  especially,  lateral  objects 
appear  to  change  their  position  toward  the  background,  the  nearer  they  are  to 
us.  Hence,  when  travelling  in  a  train,  in  which  case  the  change  of  position  of 
the  objects  occurs  very  rapidly,  the  objects  themselves  are  regarded  as  nearer, 
and  also  smaller  (^Dove).  Lastly,  those  objects  appear  to  us  to  be  ««r«/which 
are  most  distinct  in  Ihe  field  of  vision. 

Bzample. — A  light  id  a  dark  Undsofie,  and  *.  dazzling  crown  of  snow  on  a  hill,  appear  to 
be  near  to  OB ;  looked  ■>  from  the  top  of  a  high  mountain,  Uie  silver  glaocing  carved  coone  of  a 
river  not  unfreqnenti;  appears  as  if  it  were  raised  from  the  plane. 

Falae  Eatimatea  oF  Siie  and  Direction. — i.  A  line  divided  by  intermediate  points  ap- 
pears longer  than  one  not  so  divided.  Hencethe  heavens  do  not  appear  tout  as  a  hollow  nihere, 
but  aa  carved  like  an  ellipse-,  and  for  the  last  reason  the  disc  of  llu  setting  lun  ii  estimated  to  be 
larger  than  the  sun  when  it  is  in  the  zenith,  s.  If  we  move  a  circle  slowly  to  and  fro  behind  a 
slit,  it  appears  as  a  horizontal  ellipse;  if  we  move  il  rapidly,  it  appears  as  a  vertical  ellipse.  3. 
If  a  very  line  line  be  drawn  obliquely  across  a  vertical  thick  black  line,  then  the  direction  of  the 
fine  Hoe  beyond  Ihe  thick  one  appears  to  be  different  from  its  original  direction. 

4.  ZSllner'a  Linea. — Draw  three  parallel  horiionlal  lines  i  centimelre  apart,  and  through 
the  upper  and  lower  ones  draw  short  oblique  parallel  lines  in  the  direction  from  above  and  ihe 
left  to  below  and  the  right; 
tbnmgh  the  middle  line  draw 
similar  obiiqne  lines,  but  in 
lbeop[K>siie  direction,  then  the 
three  horizontal  lines  no  longer 
appear  to  be  parallel.  [Fig, 
707  sbowf  a  tnodilication  of 
this.  The  lines  are  actnally 
parallel,allboagfa  some  of  them 
ai^ar  to  converge  and  others 
to  diverge.]  If  we  look  in  a 
dark  room  at  a  bright  vertical 
line,  aod  then  bend  the  head 
towardi  the  shoulder,  the  line 
appean  to  be  bent  in  the  oggo 
site  direction  {^Auberi). 

[5.  Thelenglhofalineap- 
pean  to  vary  according  10  the 
angle  and  direction  of  certain 
otbn  lines  in  relatioo  (a  it 
(fig.  70S].  The  length  of 
the  Tertical  line  on  the  left  is  11 
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Fig.  707. 
Zollner't  I  bet. 


Fig.  708. 
To  ahow  a  blse  eatim 


e  M  ihat  on  the  righl,  yet  the  latter  is  judged  to  be  Ihe 


404.  PROTECTIVE  ORGANS  OF  THE  EYE.— I.  The  eyelids 
are  represented  in  section  in  fig.  709.  The  tarsus  is  in  reality  not  a  cartilage, 
but  merely  a  rigid  plate  of  connective-tissue,  in  which  the  Meibomian  glands 
are  imbedded ;  acinous  sebaceous  glands  moisten  the  edges  of  the  eyelids  with 
fatty  matter.  At  the  basal  margin  of  the  tarsus,  especially  of  the  upper  one, 
close  to  the  reflection  of  the  conjunctiva,  open  the  acino-tubular  glands  of 
Krause.     The  conjunctiva  covers  the  anterior  surfoce  of  the  eyeball  as  far  as  the 
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murgin  of  the  cornea,  over  which  the  epithelium  alone  is  continued.  On  the 
posterior  surface  of  the  eyelid,  the 
conjunctiva  is  partly  provided 
with  papillse.  It  is  co*-eted  by 
stratified  squamous  epiiheliom. 
Coiled  glands  occur  in  niini- 
nants  just  outside  the  margin  of 
the  cornea,  while  outside  this, 
towards  the  outer  angle  of  the 
eye  in  the  pig,  there  are  simple 
glandular  sacs.  Waldeyer  de- 
scribes modified  sweat-glands  in 
the  tarsal  margins  in  man.  Small 
lymphatic  sacstn  the  conjunctiva 
arecalled  trachoma  glands. 
Krause  found  end-bulbs  in  the 
conjunctiva  bulbi  (§  4a4).  The 
blood-vessels  in  the  conjunctiva 
communicate  with  t  h  e  juice- 
canals  in  the  cornea  and  sclerotic 
(p.  934)-  The  secretion  moist- 
ening the  conjunctiva,  besides 
some  mucus,  consists  of  teais. 
<  which    may    be   as   abundant  *s 

that    formed    in    the     lachrymal 
glands. 

Closure  of  the  eyelids  is  ef- 
fected by  the  orbicularis  palpe- 
brarum (facial  neroe,  §  349), 
whereby  the  upper  lid  &lls  in 
virtue  of  its  own  wei^t.  This 
muscle  contracis — (i)  volun- 
tarily; (3)  involuntarily  (single 
contractions) ;  (  3  )  rcflexly  bj- 
stimulation  of  all  the  sensory 
fibres  of  the  trigeminus  distributed 
-  ~  to  the  eyeball  and  its  immediate 

Fig.  709.  neighborhood  (§  347),  also  by  in- 

Veitiol  Kction  through  th«  upper  ejelid.  A,  cntii,  tense  Stimulation  of  the  retina  by 
I  epidermii ;  a,  cerium ;  B  Mid  3,  tnbcuuncoDs  light ;  (4)  continued  involuntary 
connective-tiMue;  C  aod  7,  orbiculam  moscle;  D,  closure  occure  during  sleep. 
loose  sub-mmcalar  connective  linue ;  E,  insertion  Qoeninff  of  the  rvelids  is 
of  H.  MBlIer's  muscle;  F,  t.rws;  C,  comunCtiT«;  ,  "PlP  P  ?  inc  eyeUOS  IS 
A  inner,  K,  outer  edge  of  the  lid;  4,Vp<'ent  brought  about  by  the  pasi« 
cells;  s.  iweat-glands;  6,  h»ir  follicles;  S  and  33,  descent  of  the  lower  one,  and  the 
sections  of  nerves;  g,  artedes;  10,  veins;  II,  cilia;  active  elevation  of  the  uppCTCve- 
^^,  modilied  iweat-glandi;  13,  eircnlM  mnscte  of  ijd  by  the  levator  palpebncsape- 
Riolu.;  14,  Meibomiingland;  15  sectionofan  J  i  ,g  ^  The  Smooth  mi»- 
acmus  of  the  some;    16,   posterior   tarsal   glands;       ,      k\.  r  ,i^  ij      1        -j 

18  and  ig,  tissue  of  the  urw. ;  20,  pret^  m  <="'"  "bres  of  the  eyelids  also  aid 
sub-muscular  connective-ljisne ;  21  and  23,  con.  (p.  I005).  In  looking  dovD- 
junctiva,  with  its  epithelinm ;  34,  bt ;  35,  tooaely  wards,  the  lower  eyelid  is  pulled 
woven  posterior  end  of  the  tarsus;  26,  section  of  a  downwards  by  bands  of  connec- 
palpebral  axtery.  tive-tissue   which    ran  from   the 

inferior  rectus  to  the  inferior  tarsal  cartilage  {Schwalbi). 

II.  The  lachrymal  apparatus  consists  of  the  lachrymal  glands,  which 
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in  structure  closely  resemble  the  parotid,  their  acini  being  lined  by  low  cylin- 
drical granular  epithelium.  Four  to  five  larger,  and  eight  to  ten  smaller  ex- 
cretory ducts  conduct  the  tears  above  the  outer  angle  of  the  upper  lid  into 
the  fornix  conjunctiva.  The  tear  ducts,  beginning  at  the  puncta  lachrymalis, 
are  composed  of  connective-  and  elastic-tissue,  and  are  lined  by  stratified  squa- 
mous epithelium.  Striped  muscle  accompanies  the  duct,  and  by  its  contraction 
keeps  the  duct  open.  Toldt  found  no  sphincter  surrounding  the  puncta  lachry- 
malia,  while  Gerlach  found  an  incomplete  circular  musculature.  The  connec- 
tive-tissue covering  of  the  tear  sac  and  canal  is  united  with  the  adjoining  peri- 
osteum. The  thin  mucous  membrane,  which  contains  much  adenoid  tissue 
and  lymph-cells,  is  lined  by  a  single  layer  of  ciliated  cylindrical  epithelium, 
which  below  passes  into  the  stratified  form.  The  opening  of  the  duct  is  often 
provided  with  a  valve-like  fold  (Hasner*s  valve). 

The  conduction  of  the  tears  occurs  between  the  lids  and  the  bulb  by 
means  of  capillarity ^  the  closure  of  the  eyelids  aiding  the  process.  The  Mei- 
bomian secretion  prevents  the  overflow  of  the  tears  [just  as  greasing  the  edge  of 
a  glass  vessel  prevents  the  water  in  it  from  overflowing].  The  tears  are  con- 
ducted from  the  puncta  through  the  duct,  chiefly  by  a  siphon  action.  Hor- 
ner's muscle  [also  known  to  Duvemoy,  1678]  likewise  aids,  as  every  time  the 
eyelids  are  closed  it  pulls  upon  the  posterior  wall  of  the  sac,  and  thus  dilates 
the  latter,  so  that  it  aspirates  tears  into  it  {Henke). 

E.  H.  Weber  and  Hasner  ascribe  the  aspiration  of  the  tears  to  the  diminntion  of  the  amount 
of  air  in  the  nasal  cavities  daring  inspiration.  Arlt  asserts  that  the  tear  sac  is  compressed  by  the 
contraction  of  the  orbicularis  muscle,  so  that  the  tears  must  be  forced  towards  the  nose.  Lastly, 
Stellwag  suppcjses  that  when  the  eyelids  are  closed  the  tears  are  simply  pressed  into  the  puncta, 
while  Gad  denies  that  there  is  any  kind  of  pumping  mechanism  in  the  nasal  canal.  Landois 
points  out  that  the  tear  ducts  are  surrounded  by  a  plexus  of  veins,  which  according  to  their  state 
of  distention  may  influence  the  size  of  these  tubes. 

The  secretion  of  tears  takes  place  only  by  direct  stimulation  of  the 
lachrymal  nerve  (§  347,  I,  2),  subcutaneous  malar  (§  347,  II,  2),  and  cervical 
sympathetic  (§  356,  A,  6),  which  have  been  called  secretory  nerves.  Secre- 
tion may  also  be  excited  refiexly  (§  347,  I,  2)  by  stimulation  of  the  nasal 
mucous  membrane  only  on  the  same  side  {Herzenstein).  The  ordinary  secretion 
in  the  waking  condition  is  really  a  reflex  secretion  produced  by  the  stimulation 
of  the  anterior  surface  of  the  bulb  by  the  air,  or  by  the  evaporation  of  tears. 
A  very  bright  light  also  causes  a  reflex  secretion  of  tears,  the  optic  being  the 
afferent  nerve.  The  centre  in  the  rabbit  does  not  extend  forward  beyond  the 
origin  of  the  fifth  nerve,  but  it  extends  downwards  to  the  fifth  vertebra  {Eck- 
hctrd).  During  sleep  all  these  factors  are  absent,  and  there  is  no  secretion. 
Histological  changes. — Reichel  found  that  in  the  active  gland  (after  in- 
jection of  pilocarpin),  the  secretory  cells  became  granular,  turbid,  and  smaller, 
while  the  outlines  of  the  cells  became  less  distinct,  and  the  nuclei  spheroidal. 
In  the  resting  gland,  the  cells  are  bright  and  slightly  granular  with  irregular 
nuclei.  Intense  stimulation  by  light  acting  on  the  optic  nerve  causes  a  reflex 
secretion  of  tears.  The  flow  of  tears  accompanying  certain  violent  emotions, 
and  even  hearty  laughing,  is  still  unexplained.  During  coughing  and  vomiting 
the  secretion  of  tears  is  increased  partly  refiexly,  and  partly  by  the  outflow 
being  prevented  by  the  expiratory  pressure. 

Function  of  Tears. — The  tears  moisten  the  bulb,  protect  it  from  drying, 
and  float  away  small  particles,  being  aided  in  this  by  the  closure  of  the  eyelids. 
Atropin  diminishes  the  tears  {Mogaard), 

Composition  of  Tears. — ^The  tears  are  alkaline,  saline  to  taste,  and  repre- 
sent a  "serous"  secretion.  Water  98.1  to  99;  1.46  organic  substances  (o.i 
albumin  and  mucin,  o.i  epithelium)  ;  0.4  to  0.8  salts  (especially  NaCl). 
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[Action  of  Drugs. — Elssential  volatile  oils  and  eseriQ  increase  the  secretion  of  tears,  airopb 
arrests  it,  while  eserin  antagonizes  the  effect  of  atropin  and  causes  an  increased  secretioa.] 

405.  COMPARATIVE-  HISTORICAL.— Comparative.— The    simplest    form   of 

visual  apparatus  is  represented  by  aggregations  of  pigment-cells  in  the  outer  coverings  of  the 
body,  winch  are  in  connection  with  the  termination  of  afferent  nerves.  The  pigment  absorbs 
the  rays  of  light,  and  in  virtue  of  the  light-ether  discharges  kinetic  energy,  which  excites  the 
terminations  of  the  nervous  apparatus.  Collections  of  pigment-cells,  with  nerre-fibres  attadiel 
and  provided  with  a  clear  refractive  body,  occur  on  the  margin  of  the  bell  of  the  higher  medast, 
while  the  lower  forms  have  only  aggregations  of  pigment  on  the  bases  of  their  tentacles.  Abo 
in  many  lower  worms  there  are  pigment  spots  near  the  brain.  In  others,  the  pigment  lies  as  a 
covering  round  the  terminations  of  the  nerves,  which  occur  as  "crystalline  rods"  or  " crystaDioe 
spheres."  In  parasitic  worms  the  visual  apparatus  is  absent.  In  star-fishes,  the  eyes  are  M  die 
tips  of  the  arms,  and  consist  of  a  spherical  crystal  organ  surrounded  with  pigment,  with  a  oerve 
going  to  it.  In  all  other  echinodermata  there  are  only  accumulations  of  pigment.  Amoc^  the 
annulosa  there  are  several  grades  of  visual  apparatus — (i)  Without  a  cornea,  there  may  be 
only  one  crystal  sphere  (nervous  end-organ)  near  the  brain,  as  in  the  young  of  the  crab ;  or  ttoe 
may  be  several  crystal  spheres  forming  a  compound  eye,  as  in  the  lower  crabs.  (2}  ^MTith  a 
cornea,  consisting  of  a  lenticular  body  formed  from  the  chitin  of  the  outer  integmnent,  the  eye 
itself  may  be  simple,  merely  consisting  of  one  crystal  rod,  or  it  may  be  compoimd.  The  coei- 
pound  eye  consists  of  only  one  large  lenticular  cornea,  common  to  idl  the  crystal  rods,  as  in  the 
spiders ;  or  each  crystal  rod  has  a  special  lenticular  cornea  for  itself.  The  namerons  rods  sb*- 
rounded  by  pigment  are  closely  packed  together,  and  are  arranged  upon  a  curved  surface,  to 
that  their  free  ends  also  form  a  part  of  a  sphere.  The  chitinous  investment  of  the  head  if 
facetted  and  forms  a  small  coraeal  lens  on  the  free  end  of  each  rod.  According  to  one  viev, 
each  facette,  with  the  lens  and  the  crystal  sphere,  is  a  special  eye,  and  just  as  man  has  two  eyts 
so  insects  have  several  hundred.  Each  eye  sees  the  picture  of  the  outer  world  in  tcte.  llm 
view  is  supported  l^  the  following  experiment  of  van  Leeuwenbodc :  If  the  cornea  be  ^ced 
off,  each  facette  thereof  gives  a  special  image  of  sui  object.  If  a  cross  be  made  on  the  mirror  of 
a  microscope,  while  a  piece  of  the  facetted  cornea  is  placed  as  an  object  upon  the  stage,  then  ve 
see  an  image  of  the  cross  in  each  facette  of  the  cornea.  Thus  for  each  rod  (crystal  sphere)  that 
would  be  a  special  image.  Each  corneal  facette,  however,  forms  only  a  part  of  the  image  of  the 
outer  world,  so  that  we  must  regard  the  image  as  composed  like  a  mosaic.  Amongst  moQoaca, 
the  fixed  brachiopoda  have  two  pigment  spots  near  the  brain,  but  only  in  their  larval  conditioa ; 
while  the  mussel  has,  under  similar  conditions,  pigment  spots  with  a  refractive  body.    The  adok 

mussel,  however,  has  pigment  spots  (ocelli)  only  in  the  margin  of 
the  n&antel,  but  some  molluscs  have  stalked  and  highly  dev^doped 
eyes.  Some  of  the  lower  snails  have  no  eyes,  some  have  pigOHat 
spots  on  the  head,  while  the  garden  snail  has  stalked  eyes  pro- 
vided with  a  cornea,  an  optic  nerve  with  retina  and  p^niient,  lad 
even  a  lens  and  vitreous  bcdy.  Amongst  cephalopoda,  the  naatdn 
has  no  cornea  or  lens,  so  that  the  sea-water  flows  freely  into  the  orbiu. 
Others  have  a  lens  and  no  comea,  while  some  have  an  ffp»fy*g  m 
the  comea  (Loligo,  Sepia,  Octopus).  All  the  other  parts  of  the  eye 
are  well  developed.  Amongst  vertebrata,  Amphioxus  has  ik>  eyes. 
Fig.  710.  They  exist  in  a  degenerated  condition  in  Proteus  and  the  ««**—"' 

Section  of  the  oineal  eve  ^P*^*''-     ^'^  '"•'"T  i^es,  amphibians,  and  reptiles,  the  eye  is  cov- 
of  a  lizard  ^'^  ^  *  piece  of  transparent  skin.   [Pineal  or  Bpipbsrsial  Rye.— 

Some  lizards,  ^.^.,  Hatteria,  have  a  rudimentary  median  eye  ia  tx. 
median  line  of  the  head,  and  lodged  in  the  parietal  foramen.  It  » 
developed  from  the  pineal  body,  and  its  lens  is  formed  from  the  optic  cup,  so  that  light  falls 
upon  the  retina  without  penetrating  the  fibres  of  the  optic  nerve.  Thus,  it  is  an  inveztehots 
type  of  eye,  where  the  retina  and  lens  are  developed  nrom  epidermal  structores,  whik  m  the 
vertebrate  eye  the  retina  is  developed  from  the  cerebrum  (fig.  710).]  Some  hag-6^es,ife 
crocodile,  and  birds  have  eyelids,  and  a  nictitating  membrane  at  the  inner  angle  of  the  eve 
Connected  with  it  is  the  Harderian  gland.  In  mammals  the  nictitating  membrane  is  rehire- 
sented  only  by  the  plica  semilunaris.  There  is  no  lachrymal  apparatus  in  fishes.  The  tears  of 
snakes  remain  under  the  watch-glass-like  cutb  with  which  the  eyes  are  covered.  The  sderooc 
often  contains  cartilage  which  may  ossify.  A  vascular  organ,  the  processus  falcifennis, 
passes  from  the  middle  of  the  choroid  into  the  interior  of  the  vitreous  body  in  osseous  fishes.  £ 
anterior  extremity  being  termed  the  campMmula  Halleri.  Similarly,  there  is  the  pecten  ia  \mi&, 
but  it  is  provided  with  muscular  fibres.  In  birds  the  cornea  is  surrounded  by  a  bony  riqg.  TV 
whale  has  an  enormously  thick  sclerotic.  In  aquatic  animals  the  lens  b  nearly  spherka.'. 
The  muscles  of  the  iris  and  choroid  are  transversely  striped  in  birds  and  reptiles.  The  retn^ 
rods  in  all  vertebrates  are  directed  from  before  backwards,  while  the  analc^ous  elements  (cry^ 
rods  and  spheres)  in  invertebrata  are  directed  from  behind  forward. 
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Historical. — The  Hippocratic  School  were  acquainted  with  the  optic  nerve  and  lens.  Aris- 
totle (384  B.C.)  mentions  that  section  of  the  optic  nerve  causes  blindness — he  was  acquainted 
with  after-images,  short  and  long  sight.  Herophilus  (307  B.C.)  discovered  the  retina,  and  the 
ciliary  processes  received  their  name  in  his  school.  Galen  (131-203  a.d.)  described  the  six 
muscles  of  the  eyeball,  the  puncta  lachrymalia,  and  tear  duct.  Aerengar  (1521)  was  aware  of 
the  fiitty  matter  at  the  edge  of  the  eyelids.  Stephanus  (1545)  and  Casseri  (1609)  described  the 
Meibomian  glands,  which  were  afterwards  redescribed  by  Meibom  (1666).  Fallopius  described 
the  vitreous  membrane  ^d  the  ciliary  ligament.  Plater  (1583)  mentions  that  the  posterior 
sur£u:e  of  the  lens  is  more  curved.  Aldrovandi  observed  the  remainder  of  the  pupillary  mem- 
brane (1599).  Observations  were  made  at  the  time  of  Vesalius  (1540)  on  the  refractive  action 
of  the  lens.  Leonardo  da  Vinci  compared  the  eye  to  a  camera  obscura.  Maurolykos  compared 
the  action  of  the  lens  to  that  of  a  lens  of  glass,  but  it  was  Kepler  (161 1)  who  ivst  showed  the 
true  refractive  index  of  the  lens  and  the  formation  of  the  retinal  image,  but  he  thought  that 
during  accommodation  the  retina  moved  forward  and  backward.  The  Jesuit,  Scheiner  (f  1650), 
mentions,  however,  that  the  lens  becomes  more  convex  by  the  ciliary  processes,  and  he  assumed 
the  existence  of  muscular  fibres  in  the  uvea.  He  referred  long  and  snort  sight  to  the  curvature 
of  the  lens,  and  he  first  showed  the  retinal  image  in  an  excised  eye.  With  regard  to  the  use  of 
spectacles  there  is  a  reference  in  Pliny.  It  b  said  that  at  the  beginning  of  the  14th  century 
the  Florentine,  Salvino  d'Armato  degli  Armati  di  Fir  (f  1317),  ai^  the  monk,  Alessandro  de 
Spina  (f  1313),  invented  spectacles.  Ke(^er  ( 161 1)  and  Descaites  ( 1637)  described  their  action. 
Mayo  (f  1852)  described  the  3d  nerve  as  the  constrictor  nerve  of  the  pupil.  Zinn  contributed 
conisidenbly  to  our  knowledge  of  the  structure  of  the  eye.  Ruysch  described  muscular  fibres 
in  the  hris,  and  Monro  described  the  sphincter  of  the  pupil  (1794).  Jacob  described  the 
bacillary  layer  of  the  retina — Soemmering  (1791)  the  yellow  spot.  Brewster  and  Chossat 
(18 19)  tested  the  refractive  indices  of  the  optical  media.  Purkinje  (1819)  studied  subjective 
vision. 


Hearing. 


406.  THE  ORGAN  OP  HEARING.— Stimulation  of  the  Andi. 
tory  Nerve. — The  normal  manner  in  which  the  auditory  nerve  is  eicited  e 
by  means  of  sonorous  vibrations,  which  set  in  motion  the  cnd-oigant « 
the  acoustic  nerve,  lying  in  the  endolymph  of  the  labyrinth  of  the  inner  eir. 

OD  the  meinbnaoffi 
expansions  of  ihc 
cochlea  and  in  the 
semicircular  cuuls. 
Hence,  the  sononws 
vibrations  tn  fim 
transmitted  to  the 
fluid  in  the  labjrriDiti, 
and  this,  in  tnro,  b 
thrown  into  wws. 
which  set  ihe  tod 
organs  i  d  to  vibntioii- 
Thus,  the  cicitenat 
oftheauditoirnem! 
is  brought  abwit  tit 
the  meehamtal  stm»- 
laHm  ^  tkt  e*i*- 
gans  0/  Ou  tMdilm 
nerve  liM  to  Iktwnt- 
motion  <^ At ^m^» 

, ..     .  Ir-  ,      J-  'A*  labyrinth. 

Scheme  of  Ihe  oig&n  of  heanog.     AG,  eiteni«l  auditor]'  meuiu;  Tk-  fl  \A  nrlnmJi 

T,   tympuiic  membrane;  K.  malleui  with  iti  head  (*),   iboH  inenniaonw 

proce«(i/),  »Dd  handle  {«);  o,meii»,it»  short  proceM(*),  and      O'    the    labynntti  B 
iwlong  process  aoiled  lo  the  stapti  (j)  by  means  of  (he  S/ItUo     surrounded  bflMO- 
osaide  (i)  ;  P,  middle  ear ;  0,  fenestra  OTalis ;  r,  fenestra  rotnnda ;      cecdinglv  luid  <X 
X,  beginning  of  ihe  lamina  spiralis    of  the  cochlea;  pt,  icala  '  ' 

tjrmpani,  and  vl,  scala  vestibnli-,  V,  Teslilmle ;  S,  snccaie;  U, 
utricle;  H,  seroi-circular  canals;  TE,  Eustachian  tnbe.  The 
long  arrow  indicates  the  line  of  iraclion  of  the  tensor  tjrmpani ; 
■be  diort  curred  one,  thai  of  the  stapedius. 


ous  mass  of  the  im- 
poral  bone  (fig.  7") 
Only  at  one  awil 
roundish  ind  sligii'lr 
triangular   ana,  ^ 

.  fenestra  rotunda  (r),  the  fluid  is  bounded  by  a  delicate  yielding  memboK. 
which  is  in  contact  with  the  air  in  the  middle  ear  or  tympanum  (P).  Not  fn 
from  the  fenestra  rotunda  is  the  fenestra  ovalis  (tt),  in  which  the  biseof^ 
stapes  (s)  is  fixed  by  means  of  a  yielding  membranous  ring.  The  outer  saific 
of  this  fdso  is  in  contact  with  the  air  in  the  middle  ear.  As  the  penl;iii|'>^ 
the  inner  ear  is  in  contact  at  these  two  places  with  a  yielding  bounduy,  ii  ^ 
clear  that  the  lymph  itself  may  exhibit  oscillatory  movements,  as  it  most  folk" 
the  movements  of  the  yielding  boundaries. 
The  sonorous  vibrations  may  set  the  perilymph  in  vibration  in  ihret  diSttf- 

I.  Conduction  through  the  Bones  of  the  Head. — This  occurs  espK'- 
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ally  when  the  vibrating  solid  body  is  applied  directly  to  some  part  of  the  head, 
e,  g,f  a  tuning-fork  placed  on  the  head,  the  sound  being  propagated  most  in- 
tensely in  the  direction  of  the  prolongation  of  the  handle  of  the  instrument — 
also  when  the  sound  is  conducted  to  the  head  by  means  of  fluid,  as  when  the 
head  is  ducked  under  water.  Vibrations  of  the  air,  however,  are  practically 
not  transferred  directly  to  the  bones  of  the  head,  as  is  shown  by  the  fact  that 
we  are  deaf  when  the  ears  are  stopped. 

The  soft  parts  of  the  head,  which  He  immediately  upon  bone,  conduct  sound  best,  and  of  the 
projecting  part,  the  best  conductor  is  the  cartilaginous  portion  of  the  external  ear.  But  even 
under  the  most  favorable  circumstances,  conduction  through  the  bones  of  the  head  is  far  less 
effective  than  the  conduction  of  tbe  sound-waves  through  the  external  auditory  meatus.  If  a 
tuning-fiDrk  be  made  to  vibrate  between  the  teeth  until  we  no  longer  hear  it,  its  tone  may  still 
be  heard  on  bringing  it  near  the  ear  (RinfU).  The  conduction  thiough  the  bones  is  favored  when 
the  oscillations  are  not  transferred  from  the  bones  to  the  tympanic  membrane,  and  are  thus  trans- 
ferred to  the  air,  in  the  outer  ear.  Hence,  we  hear  the  sound  of  a  tuning-fork  applied  to  the 
head  better  when  the  ears  are  stopped,  as  this  prevents  the  propagation  of  the  sound*waves 
through  the  air  in  the  outer  ear.  If,  in  a  deaf  person,  the  conduction  is  still  normal  through  the 
cranial  bones,  then  the  cause  of  the  deafness  is  not  in  the  nervous  part  of  the  ear,  but  in  the 
externa]  sound-conducting  part  of  the  apparatus. 

2.  Normal  hearing  takes  place  through  the  external  auditory  meatus. 
The  enormous  vibrations  of  the  air  first  set  the  tympanic  membrane  in  vibra- 
tion (fig.  711,  T);  this  moves  the  malleus  {h),  whose  long  process  is  inserted 
into  it ;  the  malleus  moves  the  incus  (a),  and  this  the  stapes  (j),  which  trans- 
fers the  movements  of  its  plate  to  the  perilymph  of  the  labyrinth. 

3.  Direct  Conduction  to  the  Fenestra. — In  man,  in  consequence  of  occasional  disease  of 
the  middle  ear,  whereby  the  tympanic  membrane  and  auditory  ossicles  may  be  destroyed,  the 

auditory  apparatus  may  be  excited,  although  only  in  a  very  feeble  manner,  by  the  vibrations  of 
the  air  being  directly  transferred  to  the  membrane  of  the  fenestra  rotunda  (r),  and  the  parts 
closing  the  fenestra  ovalis  (0),  The  membrane  of  the  fenestra  rotunda  may  vibrate  alone,  even 
when  the  oval  window  is  closed  with  a  rigid  body  ( iVeber-Liel). 

407.  PHYSICAL  INTRODUCTION.— Sound  is  produced  by  the 
vibration  of  elastic  bodies  capable  of  vibration.  Alternate  condensation 
and  rarefaction  of  the  surrounding  air  are  thus  produced  ;  or,  in  other  words, 
sound-waves  in  which  the  particles  vibrate  longitudinally  or  in  the  direction 
of  the  propagation  of  the  sound  are  excited.  Around  the  point  of  origin  of 
the  sound,  these  condensations  and  rarefactions  occur  in  equal  concentric 
circles,  which  conduct  the  sound  vibrations  .to  our  outer  ear.  The  vibrations 
of  the  sounding  body  are  so-called  "stationary  vibrations, '*  /.  e,y  all  the  par- 
ticles of  the  vibrating  body  are  always  in  the  same  phase  of  movement,  in  that 
they  pass  into  movement  simultaneously,  they  reach  the  maximum  of  movement 
simultaneously,  e.  ^.,  in  the  particles  of  a  sounding  vibrating  metal  rod. 
Sound  is  produced  by  the  stationary  vibrations  of  elastic  bodies ;  it  is  pro- 
pagated by  progressive  wave-motion  of  elastic  media,  generally  the  air.  The 
wave-length  of  a  tone,  /.  ^.,  the  distance  of  one  maximum  of  condensation  to 
the  next  one  in  the  air,  is  proportional  to  the  duration  of  the  vibration  of  the 
body  whose  vibrations  produce  the  sound-waves. 

If  7  is  the  wave-length  of  a  tone,  /  in  seconds  the  duration  of  a  vibration  of  the  body  pro- 
ducing the  wave,  then  7  =  #f  /,  where  n  =  340.88  metres,  which  is  the  rate  per  second  of  pro- 
pagation of  sound-waves  in  the  air.  The  rapidity  of  the  transmission  of  sound-waves  in  water  = 
1435  metres  per  second,  t .  e.,  nearly  four  times  as  rapid  as  in  air ;  while,  in  solids  capable  of 
vibration,  it  is  propagated  from  seven  to  eighteen  times  faster  than  in  the  air.  Sound-waves  are 
conducted  best  through  the  same  medium ;  when  they  have  to  pass  through  several  media  they 
are  always  weakened. 

Reflection  of  the  sound-waves  occurs  when  they  impinge  upon  a  solid  obstacle,  in  which 
case  the  angle  of  reflection  is  always  equal  to  the  angle  of  incidence. 

Wave  Movements. — We  distinguish — I.  Progressive  wave  movements  which  occur  in 
two  forms — (i)  As  longitudinai  waves ^  in  which  the  individual  particles  of  the  vibrating  body 
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vibrate  around  their  centre  of  gravit)'  in  the  direction  of  the  propagstioD  of  the  vitc;  eianfibt 
■re  the  waves  in  water  and  air.  This  movement  causes  an  accumulatioa  of  the  panida  « 
cerlain  placet,  t.g.,  on  the  crests  of  the  waves  io  waler.wives,  while  al  other  places  ibej  mt 
diminished.  This  kind  of  wave  is  called  a  wave  of  condensation  and  ranfaction.  (l)  If, 
however,  each  particle  in  the  progressive  wave  moves  ■vertiially  cp  and  down,  1. 1.,  iranxvendj 
to  the  direction  of  the  propagation  of  the  wave,  then  we  have  ihe  simple  Irannitm  laava,  or 
pn^rcssive  waves,  in  which  there  is  no  condensation  or  rarefactioa  in  the  direclioD  of  propaga- 
tion, IS  each  panicle  U  meiely  displaced  laletally.    An  eiample  of  this  is  ibe  pregrasivt  avta 

II.  SU tion a ry  Flexion  Waves.— When  all  the  particles  of  an  elastic  vibrating  bodr  » 
oscillate  that  all  of  them  are  always  in  the  same  phase  of  movement  as  the  limbs  of  a  vitratiDg 
tuning-fork  or  a  plucked  string,  then  this  kind  of  movement  is  descnbcd  as  statioiuiry  ficiioa 
waves.  As  bodies  whose  expansion  in  the  direction  of  oscillation  is  very  slight,  vitaale  to 
and  fro  in  the  stationary  flexion  wave,  so  we  see  that  Ihe  small  paits  of  th«  andkory 
apparatus  (tympanic  membrane,  ossicles,  lymph  of  the  labyrinth)  oscillate  m  stationary  fletioa 

408.  EAR  MUSCLES— EXTERNAL  AUDITORY  MEATUS.- 

When  the  external  ear  is  absent,  little  or  no  impairment  of  the  hearing  is 
observed ;  hence,  the  physiological  functions  of  these  organs  are  but  slight 
Boerhaave  thought  that  the  elevations  and 
depressions  of  the  outer  ear  might  be  con- 
nected with  the  reflection  of  the  soand- 
waves.  Numerous  sound  waves,  however, 
must  be  again  reflected  oulw&rds  ;  and  those 
waves  which  reach  the  deep  pan  of  the 
concha  are  said  to  be  reflected  towards  the 
tragus,  to  be  reflected  by  it  into  the  external 
auditory  meatus.  According  to  Schneider, 
when  the  depressions  in  the  ear  are  filled  up 
with  wax,  hearing  is  impaired  ;  other  ot> 
servers,  however,  have  found  the  hearing  to 
be  unaffected.  Mach  points  out  that  the  di- 
mensions of  the  external  ear  are  proportioiK 
ally  too  small  to  act  as  reflecting  organs  for 
the  wave-lengths  of  noises. 

F^'B-  712.  Muscles  of  the  External  Ear.- (i)  The  whole 

The  auricle,  external  auditory  meatus,  ear  is  moved  by  the  retrahentes,  altrabens,  and  aUo- 
and  the  tympanic  cavily.  M,  osseous  lens.  (2}  The  ^nn  of  the  ear  may  be  altered  hylkc 
spaces  in  the  temporal  bone ;  Ff,  cat-  tragicus,  antitragicus,  hclicts  ma)OT  and  nuDor  imifr- 
tilaginous  part  of  ihe  meatus;  L,  natty;  and  by  the  transversus  and  obliqnns  auticolc 
membranous  union  between  both ;  F,  extimatty.  Persons  who  can  move  their  cars  do  Dot 
auricular  surface  for  the  condyle  of  the  find  thai  the  bearing  is  influenced  daring  the  moTt- 
lower  jaw.  menl.     The   Mm,   helicis   mBJco-  and   anDO'  are  re- 

garded as  elevators  of  the  helii,  the  transvenus  aad 
obliquus  auriculae  as  dilators  of  (he  concha;  the  tragicus  and  antitragicus  as  constrictors  of  the 
meatus.  In  animals,  the  external  ear  and  the  action  of  its  muscles  have  a  marked  effect  Qfoo 
hearing.  The  muscles  point  the  ear  in  the  direction  of  the  sound,  while  other  mnscles  contnd 
or  dilate  the  space  within  the  external  ear.  In  many  diving  animals,  the  meatus  can  be  doud 
by  a  kind  of  valve.  The  external  auricle  of  man  is  a  typically  formed  organ,  but  its  fanan 
has  been  largely  lost. 

The  external  meatus  is  3  to  3.35  cm.  long  [i^  to  1^  inch],  8  to  9  min. 
high,  and  6  (o  8  mm.  broad  at  its  outer  opening  (fig.  712).  It  is  the  con- 
ductor of  the  sound-waves  to  the  tympanic  membrane,  so  that  almost  alt  the 
sound-waves  first  impinge  upon  its  wall,  and  are  then  reflected  towards  the 
tympanic  membrane.  To  see  well  down  into  the  meatus,  we  must  pull  the 
auricle  upwards  and  backwards.  Occlusion  of  the  meatus,  especially  by  a  pli^j 
of  inspissated  wax  (§  287)  of  course  interferes  with  the  hearing,  [and  wheo  it 
presses  on  the  membrana  lympani  may  give  rise  to  severe  vertigo]. 
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4og.  TYMPANIC     MEMBRANE.— The  tympanic     membrane, 

which  is  tolerably  laxly  fixed  in  a.  special  osseous  cleft,  with  a  thickened  mar- 
gin, is  an  elastic,  unyielding,  and  almost  non -extensible  membrane  of  about 
O.I   mm.  in  thickness,  and  with  a  superficial  area  of  50  square  millimetres 
(fig.  715).     It  is  ellip- 
tical in  form,  its  greater        ^. 
diameter  being  9.5  to  '  cn 

10  mm.  and  its  lesser  8 
nnm.,  and  it  is  fixed  in  *"■*  ^^ 

the  floor  of  the  exter- 
nal meatus  obliquely,  at  -^-^ 
an  angle  of  40°,  being 
directed  fromabove  and 
outwards,     downwards          "STi- 
and     inwards.       Both  y                    1 
tympanic     membranes 
converge  anteriorly,  so 
that  if  both  were  pro- 
longed they  would  meet 
to    form    an    angle   of 
130°    to   135°.       The 

oblique     position    en-  jfjg,  ^,5  Fig.  714. 

ables  a  larger  surface  to  i,-|g.j,j._Tj,„pHnic  membrane  wUh  the  auditory  os»icli»(left)seeo 
be  presented  than  would  from  within,  a,  incos;  Cm,  mtWeas;  CA.  chorda  tympani; 
be  obtained  if  it  were  7",  poucb-like  dciireuion.  (1^,714. — TympiDie  membrane  and 
Stretched  vertically  so  '*"  ■"'"''"'y  ossicles  (lefi)  seen  from  within,  i.  r.,  from  the  lym- 
,u   ,  rl  «,      panic  cavity.     M,  manubrium  or  handle  of  the  malleus;  T,  in- 

inai  more  souiia-waves  senio„  of  [he  tensor  lympani;  i.head;  /^  long  process  of  the 
can  tall  vertically  upon  ma]\ms;  a,  incus,  with  the  short  (K)  and  the  lone  (/)  process; 
it.  The  membrane  is  S,  plate  of  Ihe  stapes;  Ax,  Ax,  is  the  common  ails  of  rotation 
not  stretched  flat,  but  a  '>^  the  auditoiy  ossicles ;  S,  the  pinion-wheel  anangemeot  be- 
little under  its  centre  '*""  Ihe  malleus  atid  incus.  Fig  7I5.-Tympanic  membrane 
/.  ™i.ri.  ^\  ;.  i^  J-  .,  of  *  new-bom  child  seen  from  without,  with  the  handle  of  the 
(limbhcus)  It  IS  drawn  „,,ieus  visible  on  it.  ^/,  lympanic  ring  with  it.  anterior  («)  and 
slightly  inwards  by  the  posterior  (*)  ends. 
handle  of  the  malleus, 

which  is  attached  to  it ;  while  the  short  process  of  the  malleus  slightly  bulges 
out  the  membrane  near  its  upper  margin  (figs.  711,  718). 

Stnicture. — The  tympanic  membrane  consists  of  three  layers:  (1)  The  membrao* 
propria  it  a  tibrous  membrane  with  radial  fibres  on  its  outer  surface,  and  circularly  arranged 
fibres  on  its  inner  aspect,  (a)  The  sur&ce  directed  lowards  the  meatus  is  covered  with  a  thin 
and  semi 'transparent  part  of  the  cutis.  (3)  The  side  towards  the  tympanum  is  covered  with  a 
delicate  mucous  membrane,  with  simple  squamous  epitheliuiii.  Numerous  nerves  and 
lymph'TCSSels,  as  well  as  inner  and  outer  blood-vessels  occur  in  the  memtn-ane. 

[The  middle  layer,  or  substantia  propria,  is  fixed  to  a  ring  of  bone,  which 
is  deficient  above.  This  deficiency,  however,  is  filled  up  by  a  layer  composed 
of  the  mucous  and  cutaneous  layers  called  the  memirana  flaecida,  or  Shrap- 
nell's  membrane.] 

[Examination  of  the  Tympanic  Membrane. — When  ciuniniDg  the  outer  car  and  mem- 
brana  tympani,  pull  the  auricle  upwards  and  backwards.  The  membtana  lympani  is  examined 
by  means  of  an  ear  speculum  (fig.  716).  The  speculum  is  placed  in  (be  ear,  and  light  is  re- 
flected into  it  by  means  of  a  concave  mirror,  perforated  in  the  centre,  and  having  a  focal  distance 
of  four  or  five  inches,  !l  is  convenient  to  fiave  the  mirror  fiied  to  a  band  placed  round  the 
head  as  in  the  case  of  the  laryngoscopic  reflector  (fig.  4371.  It  Is  important  to  rememtier  that 
the  membrane  is  placed  obliquely,  so  that  the  posterior  and  upper  parts  are  nearer  the  surface. 
The  membrane  in  health  is  grayish  in  color  and  Cntnsparent,  so  that  the  handle  of  the  malleus 
is  seen  running  from  above  downwards  and  backwards,  while  at  the  aoierior  and  Inferior  part 
there  is  a  cone  of  light  with  its  apex  directed  inwards.] 
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[Sieg^le's  Bar  Speculum. — "For  further  detennining  Ihe  presence  of  »IheB«s  s( die 
membrane  and  the  mobility  of  the  malleiis,  the  pnFamBiic  speculum,  Bist  tulrodoced  bjr  Sqle,  it 
very  Taluablt.  It  consisti  (fi't/f  tig.  716)  or  ui  ordioary  vulcanite  speculum  (a],whic1iKTCwi 
JDto  a  vulcanile  box  (f)  covered  with  H  glass  leiu  [i),  which  ji  also  screwed  on.  By  plida[  1 
little  piece  of  india-rubber  tubing  on  the  tubular  part,  it  (its  air-light  into  the  meilns.  Tbe  toi 
has  an  india-rubber  lube  and  a  mouth-piece  (if)  connected  with  il,  which  is  placed  in  the  aetH 
of  the  Eui^eon  -,  suction  is  applied  to  the  end  of  the  tube,  and  the  air  drawn  from  the  meatn, 
(bus  acting  on  the  membrane,  wiih  a  good  light  thrown  on  ii  ihnx^h  the  specalaia ;  (be  bcntt 
is  tecD  magnified,  and  uiy  adhcNons  and  inequalities  which  may  exist  are  disclosed."— Jbi'- 
KOugAfeit  yorui.'\ 

Function  of  the  Tympanic  Membrane. — The  tympanic  meiobrajM 
catches  up  the  sound-waves  which  penetrate  into  the  external  meatus,  and  a 

set  into  vibration  by 
them,  the  vibratiom 
corresponding  in 
number  and  ampli- 
tude to  the  vibrating 
m  o  ve  men  ts  o  f  t  Ek  air. 
Politzer  connected 
the  auditory  ossids 
fixed  to  the  tym- 
panic membrane  of 
a  duck  with  1  recoid- 
'  iog  apparatus,  and 
could  thus  regiser 
the  vibrations  pro- 
duced by  sounding 
any  particular  tone. 
Owing  to  its  small 
dimensions,  the  tym- 
panic membrane  cao 
vibrate  in  Mo,  to  and 

fro  in  the  direction  of  the  sound-waves  corresponding  to  the  condensations  aw) 
rarefactions  of  the  vibrating  air,  and  therefore  executes  transverse  miralmi, 
for  which  it  is  specially  adapted,  owing  to  the  relatively  slight  resistance. 

Fundamental  Note. — Stretched  strings  and  membranes  are  generally  on Ir 
thrown  into  actual  and  considerable  sympathetic  vibration  when  they  are  affec- 
ted by  tones  which  correspond  with  their  own  fundamental  tone,  or  whose 
number  of  vibrations  is  some  multiple  of  the  number  of  vibrations  of  the  same, 
as  the  octave.  When  other  tones  act  on  them,  they  exhibit  only  inconsider- 
able sympathetic  vibration.  If  a  membrane  be  stretched  over  a  funnel  or 
cylinder,  and  if  a  nodule  of  sealing  wax  attached  to  a  silk  thread  be  made  jml 
to  touch  the  centre  of  the  membrane,  then  the  sealing  wax  remains  nearly  at 
rest  when  tones  or  sounds  are  made  in  the  neighborhood  ;  as  soon,  however,  as 
the  fundamental  or  proper  tone  of  this  arrangement  is  sounded,  the  nodule  is 
propelled  by  the  strong  vibrations  of  the  membrane. 

If  we  apply  this  to  the  tympanic  membrane,  then  it  also  shotiid  exhibit  veij 
great  vibrations  when  its  own  fundamental  note  is  sounded,  but  onlystigbt 
vibrations  when  other  tones  are  produced.  This,  however,  would  prodiw 
great  inequality  in  the  audible  sounds.  There  is  an  arrangement  of  the  mem- 
brane whereby  this  is  prevented,  (r)  Great  resistance  is  offered  totheviba- 
tions  of  the  tympanic  membrane,  owing  to  its  union  with  the  auditory  ossicles- 
These  act  as  a  damping  apparatus,  which  provides,  as  in  damped  mem- 
branes generally,  that  the  tympanic  membrane  shall  not  exhibit  excessive  sym- 
pathetic vibrations  for  its  own  fundamental  note.     But  the  damping  also  auks 
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Fig.  716. 

Various  forms  of  ear  q>ecala.     A,  ordinary  form ;  B,  Siegle'i 

ear  pneumatic  speculum. 
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the  sympathetic  vibrations  less  for  all  the  other  tones.  In  this  way,  all  vibra- 
tions of  the  tympanic  meAibrane  are  modified  ;  especially,  however,  is  the  ex- 
cessive vibration  diminished  during  the  sounding  of  its  fundamental  tone. 
The  membrane  is  at  the  same  time  rendered  more  capable  of  responding  to  the 
vibrations  of  different  wave-lengths.  The  damping  also  presents  after-vibra- 
tions,  (2)  Corresponding  to  the  small  mass  of  the  tympanic  membrane,  its 
sympathetic  vibrations  must  also  be  small.  Nevertheless,  these  slight  elonga- 
tions are  quite  sufficient  to  convey  the  sonorous  movements  to  the  most  delicate 
end-organs  of  the  auditory  nerve ;  in  fact,  there  are  arrangements  in  the  tym- 
panum which  still  further  diminish  the  vibrations  of  the  tym- 
panic membrane.  ^^ 

As  ▼.  Helmholtz  has  shown,  the  strong  sympathetic  vibrations  of  the  tym- 
panic membrane  are  not  completely  set  aside  by  this  damping  arrangement. 
The  painful  sensations  produced  by  some  tones  are,  perhaps,  due  to  the  sympa- 
thetic vibration  of  the  membrana  tympani.  According  to  Kessel,  certain  parts 
of  the  membrane  vibrate  to  certain  tones;  the  shortest  radial  fibres  at  the 
upper  part  of  the  anterior  and  upper  segment  vibrate  with  the  highest  tones, 
the  longest  fibres  at  the  posterior  segment  with  the  deepest  tones.  At  the  upper 
part  of  the  posterior  segment  noises  are  transmitted. 

According  to  Fick,  the  tympMmic  membrane,  besides  possessing  the  property 
of  taking  up  all  vibrations  with  nearly  equal  intensity,  has  also  the  properties 
of  a  resonance  apparatus;  t.  ^.,  it  causes  a  summation  of  the  energy  of  suc- 
cessive vibrations.  This  is  due  to  the  funnel  shape  of  the  membrane,  and  to 
the  radial,  rigid  insertion  of  the  handle  of  the  malleus.  '^'S*  717* 

PatbologicaL — Thickenings  or  inequalities  of  the  tympanic  membrane   Toynbee's  arti- 
interfere  with  the  acuteness  of  hearing,  owing  to  the  diminished  capacity  for  ficial    membrana 
vibration  thereby  produced.     Holes  in  and  loss  of  its  substance  act  similarly.  tympani. 

In  extensive  destruction,  an  artificial  tympanum   is  placed  in  the  external 
meatus,  and  its  vibrations,  to  a  certain  extent,  replace  those  of  the  lost  membrane  (  Toynbee), 
[Fig.  717  shows  an  artificial  tympanic  membrane.] 

410.  AUDITORY  OSSICLES  AND  THEIR  MUSCLES.— The 

auditory  ossicles  have  a  double  function. — (i)  By  means  of  the  "chain" 
which  they  form,  they  transfer  the  vibrations  of  the  tympanic  membrane  to  the 
perilymph  of  the  labyrinth.  (2)  They  also  afford  points  of  attachment  for  the 
muscles  of  the  middle  ear,  which  can  alter  the  tension  of  the  membrana  tym- 
pani, and  Xht  pressure  on  the  lymph  of  the  labyrinth. 

Mechanism. — Thtform  and  position  of  the  ossicles  are  given  in  figures  718 
and  719.  They  form  a  jointed  chain  which  connects  the  tympanic  membrane, 
M,  by  means  of  the  malleus,  h,  incus,  a,  and  stapes,  S,  with  the  perilymph  of 
the  labyrinth.  The  mode  of  movement  of  the  ossicles  is  of  special  im- 
portance. The  handle  of  the  malleus  is  firmly  united  to  the  fibres  of  the  tym- 
panic membrane  (fig.  719,  n).  Besides  this,  the  malleus  is  fixed  by  ligaments 
which  prescribe  the  direction  of  its  movements.  Two  ligaments — the  lig. 
mallei  anticum  (passing  from  the  processus  Folianus)  and  the  posticum  (from 
a  small  crest  on  the  neck) — together  form  a  common  axial  band  {v,  Helmholtz), 
which  acts  in  the  direction  from  behind  forwards,  /'.  ^.,  parallel  to  the  surface 
of  the  tympanic  membrane.  The  neck  of  the  malleus  lies  between  the  inser- 
tions of  both  ligaments.  The  united  ligament  determines  the  "  axis  of  rota- 
tion **  of  the  movement  of  the  malleus. 

When  the  handle  of  the  malleus  is  drawn  inwards,  of  course  its  head  moves 
in  the  oppK)site  direction,  or  outwards.  The  incus,  a,  is  only  partially  fixed  by 
a  ligament,  which  attaches  its  short  process  to  the  wall  of  the  tympanic  cavity, 
in  front  of  the  entrance  to  the  mastoid  cells,  k.  The  not  very  tense  articula- 
tion joining  it  to  the  head  of  the  malleus,  h,  which  lies  with  its  saddle-shaped 
articular  surface  in  the  hollow  of  the  incus,  is  important.  The  lower  margin 
of  the  incus  (fig.  719,  S)  acts  like  a  tooth  of  a  cog-wheel.  Thus,  when  the 
handle  of  the  malleus  moves  inwards  to  a  tympanic  cavity,  the  incus,  and  its 
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long  process,  b,  which  is  parallel  to  the  handle  of  the  malleus,  also  pass  inwaids. 
The  incus  forms  almost  a  right  angle  with  the  stapes,  S,  through  the  iDtcnren- 
tion  of  the  Sylvian  ossicle,  s.     If,  however,  as  by  condensation  of  the  air  in  ihe 
tympanum,  ihe  membrana  tympani  and  the  handle  of  the  malleus  move  oW- 
wariis,  the  long  process  of  the  incus  does  not  make  a  similar  movement,  as  the 
malleus  moves  away  from  this  margin  of  the  incus.     Hence  the  stapes  is  not 
liable  to  be  torn  from  its  socket.     The  malleus  and  incus  form  an  angular 
lever,  which  moves  round  a  common  axis  (fig.  718  and  fig.  719,  Ax,  Ax).     Id 
the  inward  movement,  the  malleus  follows  the  incus,  as  if  both  formed  oue 
piece.     The  common  axis  (lig.  714)  is  not,  however,  the  axial  ligament  of  the 
malleus,  but  it  is  formed  anteriorly  by  the  processus  Folianus,   IF,  directed 
forwards,  and  posteriorly  by  the  short  process  of  the  incus  directed  backwards. 
The  rotation  of  both  ossicles  around  this  axis  occurs  in  a  plane  vertical  to  the 
plane  of  the    membrana    tym- 
pani.    During  the  rotation,  of  *  - 
course  the  parts  above  this  axis 
(head  of  the  malleus  and  upper 
part  of  the  body  of  the  incus) 
take  a  direction  opposite  to  the 
parts  lying  below  it  (the  handle 
of  the   malleus   and    the  long 
process  of  the  incus),  as  is  indi- 


Fig.  718.  He-719- 

Fig.  718.— TTie  •udiiory  ossicles  (tight).  Cm. bead;  C,  necit ;  /"ir,  short  process;  /^/,  loef 
process ;  M,  handle  of  the  Dialleua ;  Ci,  liod]' ;  C.  artJcutar  surface  ;  h,  short,  and  s,  kn( 
procesi  or  the  incus;  0..S,  so-called  lenlicular  ossicle;  Cj.head;  a,  anterior,  and  /,  pM- 
tenor  limb.  Z',  plate  of  the  stapes.  Fig.  719. — Tympanum  and  auditory  ossicles  (left)  cuG- 
nilied.  A. G.,  external  meatus;  M,  membrana  lympani,  which  is  allaehed  to  the  bamfeof 
the  malleus,  »,  and  near  it  the  short  process,/;  h,  head  of  the  malleus;  a,  incus;  i,<9 
short  process  with  its  liganient ;  /,  long  process ;  s.  Sylvian  ossicle ;  S,  atapcs ;  Ai,  Ai. 
is  the  axis  of  rotation  of  the  ossicles  ;  it  is  showu  in  perspectiTe,  and  must  lie  imagined  to 
penetrate  the  plane  of  the  paper;  I,  line  of  traction  of  the  tensor  tfmpani.  T&  other 
arrows  indicate  (he  movement  of  the  ossi<:les  when  the  tensor  ci 


cated  in  fig.  719  by  the  direction  of  the  arrows.  The  movement  of  the  handle 
of  the  malleus  must  follow  that  of  the  membrana  tympani,  and  tvVf  versa. 
while  the  movement  of  the  stapes  is  connected  with  the  movement  of  the  long 
process  of  the  incus.  As  the  long  process  of  the  incus  is  only  two-thirds  of  tbe 
length  of  the  handle  of  the  malleus  (figs,  711,  715,  719),  of  course  the  exctr- 
sion  of  the  tip  of  the  former,  and  with  it  of  the  stapes,  must  be  correspond inflf 
less  than  the  movement  of  the  tip  of  the  handle  of  the  malleus,  while,  on  tbe 
other  hand,  ihe  force  of  the  movement  of  the  tip  of  the  handle  of  the  mallenv 
corresponding  to  the  diminution  of  the  excursion,  will  be  itureaseH. 

Mode  of  Vibration. — Thus,  the  movement  of  the  membrana  trnpaii 
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inwards  causes  a  less  extensive  but  a  more  powerful  movement  of  the  foot  or  the 
stapes  against  the  perilymph  of  the  labyrinth.  V.  Helmholtz  and  Potitzer  cal- 
culated the  extent  of  the  movement  to  be  0.07  mm.  The  mode  in  which  the 
vibrations  of  the  membrana  tympani  are  conveyed  to  the  lymph  of  the  laby- 
rinth, through  the  chain  of  ossicles,  is  quite  analogous  Co  the  mechanism  of 
these  parts  already  described.  Long  delicate  glass  threads  were  fixed  to  these 
ossicles,  and  their  movements  were  thus  graphically  recorded  on  a  smoked  sur- 
face {Polilier,  Hensen).  Or,  strongly  refractive  particles  were  so  fixed  to  the 
ossicles  that  the  beam  of  light  reflected  from  ihem  could  be  examined  by  means 
of  a  microscope  {Bu^k,  v.  Helmholit).  All  the  experiments  showed  that  the 
transference  of  the  sound-waves  is  accomplished  by  means  of  the  mechanism  of 
the  angular  lever,  composed  of  the  auditory  ossicles  already  described.  As 
the  vibraiions  of  the  membrana  tympani  are  conveyed  to  the  handle  of  the 
nnalieus,  they  are  weakened  to  about  one-fourlh  of  their  original  strength 
(^Politzer).  [The  membrana  tympani  is  many  (30)  times  larger  than  the  fenestra 
ovalis,  and  the  relation  in  size  might  be  represented  by  a  funnel.  The  arm  of 
the  malleal  end  of  the  lever  where  the  power  acts  is  9^  mm.  long,  while  the 
short  or  stapedial  arm  is  6^  mm. ,  so  that  the  latter  moves  less  than  the  former, 
but  what  is  lost  in  extent  is  gained  in  force.] 

[MetbodB. — Polilzer  atlu:hed  imall,  very  tight  levers  to  each  of  the  o<incla,  and  itiicribed 
their  moTemenli  on  a  [evolving  cjlitider.  An  organ-pipe  was  sounded,  and  when  the  levers 
nece  of  the  sanie  length,  the  malleus  made  the  greatest  eicuision  uicl  (he  stapes  the  least. 
Bnck  attached  starch  grains  )o  Ihe  ossicles,  illuminated  them,  aod  observed  the  movements  of 
the  refractive  starch  granules  bj'  means  of  a  microscope  provided  with  a  micrometer.] 

The  ossicles  move^a  masse,  and  not  in  the  way  of  propagating  molecular 
vibrations.  As  the  excursions  of  ihe  ossicles  during  sonorous  vibrations  are, 
however,  only  nominal,  there  is  practically  no  change  in  the  position  of  the 
joints  with  each  vibration.  The  latter  will  only  occur  when  extensive  move- 
ments take  place  by  means  of  the  muscles. 

The  muscles  of  the  auditory  ossicles  alter  the  position  and  tension  of  the 
membrana  tympani,  as  well  as  the  pressure  of  the  lymph  of  the  labyrinth.    The 
tensor  tympani, which  lies  in  an  osseous  groove 
above  the  Eustachian  tube,  has  its  tendon  de- 
flected round  an  osseous  projection  [processus 
cochleariformis] ,  which  lies  external  Co  it,  almost 
at  right  angles  to  the  groove  above  it,  and  is 
inserted  immediately  above  the  axis  of  rotation 
of  the  malleus  (fig.  714,  M).     When  Ihemuscle 
contracts  in  ihe  direciion  of  the  arrow,  t,  then 
the  handle  of  the  malleus  {n)  pulls  the  membrana 
tympani  (M)  inwards  and  tightens  it  (fig.  719)- 
This  also  causes  a  movement  of  the  incus  and  | 
stapes  (S)  which  must  be  pressed  more  deeply  ' 
into  the   fenestra  ovalis  as  already   described.  p- 

When  the  muscle  relaxes,  then,  owing  to  the  ^/iM-      ^ , '.    ,.'     p v.-.„ 

.-   -.       r  .1.         .   .   J       ■   11-  .        I  .1  iensoT   lympani — ine   tustacoian 

/(«/y  of  the  rotated  axtal  ligament  and  the  tense  (JJ^  W')- 

membrana  tympani  itself,  the  position  of  equili- 
brium is  again  restored.     The  motor  nerve  of  this  muscle  arises  from  the 
trigeminus,  and  pas.ses  through  the  olic  ganglion  {§  347,  III,  6).     C.  I.udwig 
and  Polilzer  observed  that  stimulation  of  the  fifth   nerve  within   the  cranium 
[dog]  caused  the  above-mentioned  movement. 

Use  of  the  Tension. — The  tension  of  the  membrana  tympani  caused  by 
the  tensor  tympani  has  a  double  function  {Joh.  Muller) — 1.  The  tense  mem- 
brane offers  very  great  resistance  to  sympathetic  vibrations  when  the  sound-waves 
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long  process,  b,  which  is  parallel  to  the  handle  of  the  mallp 
The  incus  forms  almost  a  right  angle  with  the  stapes,  ^  _^ 
tion  of  the  Sylvian  ossicle,  s  If,  however  as  by  f^  ^  h 
tympanum,  the  membrana  tvmpani  and  the  haod*' |  a  ^ 
wards,  the  long  process  of  the  incus  does  not  ma^^  P  I  ^ 
malleus  moves  away  from  this  margin  of  the  t  ^  »  % 
liable  to  be  torn  from  its  socket  The  mall'  ^  "*  ^ 
lever,  which  moves  round  a  common  axis  (  i  ^  i 

the  inward  movement,  the  malleus  folio        .  ^ 
piece.     The  common  axis  (fig    714)  is  r        r  "  ^ 

malleus,  but  it  is  formed  anteriorly  \ 
forwards,  and  posteriorly  by  the  shor'  , 

The  rotation  of  both  ossicles  arour         -  '      ^  ' 
plane  of  the    membrana   tym 
pani.     During  the  rotation,  of 
course  the  parts  above  this  axi 
(head  of  the  malleus  and  uppi 
part  of  the  body  of  the  inc 
take  a  direction  opposite  tr 
parts  lying  below  it  (the  h 
of  the   malleus  and   tb 
process  of  the  incus),  a-    . , 


M  riflier « tnw* 


ds  loiig  IS  Iht  inotiseii  wns«« 
«le  end  1  covertJ  by  1  menitat. 
jlsUQCl  when  the  mt mbtiae  a  arttW 
Buditotj'   mealiu,  both  teoHins  Iropm 
the  other  e»r  la  tempoiirilj  sSecled  {Gi:S\. 
ixly      1  be  mascle  isnoi  directly  ud  bj  ioelf  idr 
lo  L.  FicW   the   foUowi!^  phenonWDOO  isdnetou 
When  hefwessed  hisjawstirmly  igainsl  eidi  olliet,k 
>,  while  B  capillary  tube,  nhich  was  died  tii-ttght  iHo ik 
as  in  it  rapidly  drawa  inwards.     Dutiog  this  eipenoial,  1 
if  they  were  louder,  while  all  the  lu[<tita 


Whei 


yavmtng. 


.  Helmholli   and   Polittet  k 


of  the  Tensor. — Hensen  showed  that  the  contraction  or  ihc 
.  during  hearing  is  not  a  continued  contraction,  but  what  might 
-'twitch."     A  twitch  takes  place  at  the  beginning  of  the  act  of 
,,hich  favors  the  perception  of  the  sound,  as  the  membrana  tympaii 
jn  motion  vibrates  more  readily  to  higher  tones  than  when  it  is  at  resL 
^ing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this  contraction 
h  occurs  only  at  the  beginning  of  the  sound,  and  that   it  soon  ceases, 
..J^gh  the  sound  may  continue. 
Fig   /j^tlon  of  the  Stapedius.— The  muscle  arises  within 
jjalis,  and  is  inscried  i"^"  'i^'' 


1  the  eminentia  pm- 
:  bead  of  the  stapes  and  Sylvian  ossicle  {fig. 
721) ;  when  it  draws  upon  the  head  of  the  stapes,  as  indi- 
cated in  fig.  711,  by  the  small  curved  arrow,  it  must  jdact 
the  bone  obliquely,  whereby  the  posterior  end  of  the  plate 
of  the  stapes  is  pressed  somewhat  deeper  inwards  into  llw 
fenestra  ovalis,  while  the  anterior  is,  as  it  were,  displactiJ 
somewhat  outwards.  The  stapes  is  thereby  more  fixed,  » 
the  fibrous  mass  [angular  ligament]  which  surrounds  the 
Jig.  721.  fenestra  ovalis  and  keeps  the  stapes  in  its  place  becomes 

Rieht  stapedius      ""O'^  '^"^'^-     '^^^  activity   of    this  muscle,  therefore,  pre- 
muscle.  vents  too  intense  shocks,  which  may  be  communiated  froo 

the  incus  to  the  stapes,  from  being  conveyed  lo  the  peri- 
lymph.    It  is  supplied  by  the  facial  nerve  (§  349.  3)- 

The  stapedius  in  many  persons  executes  an  awonaC*^  moTemenl,  when  the  efelidi  in  faqUi 
closed  (5  349).  Some  persons  can  cause  it  to  contract  rj^^/f  by  scratching  the  skin  in  kui' 
the  meatus,  or  by  gently  strokLnp  the  outer  margin  of  the  orbit  (HtHle).  It  stems  lobtolW 
refleily  in  many  diseases  of  the  ear  when  the  lyrapwium  is  being  syringed. 

Other  Views.— According  lo  Lucae,  when  the  aiapei  is  displaced  obliquelj,iuli(idfcKoi>e 
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:>.  i^  *<>>>•         <h  ^  *|*o  ihe  membrana  tympani,  outwards y  so  that  it  is  regarded  as  an 

^   ^  ^'^4.        ^^  '^**     PolJizcr  observed  that  Ihe  pressure  wiihin  the  lal^nth  fell 

ft    ^^  V           '^  A.ccording  to  Toynbee,  the  stapedius  acts  as  a  lever  and  moves 

0     ^^    ^             '^z,  '  ovalis,  thus  making  it  more  free  to  move,  so  that  it  is  more 

>j  '?'  ^  '^.              ^/.  <itthe  stapedius  is  more  concerned  xn  fixing  than  in  mov- 

\  '^y  ^   ?^,            *  'V  V  ■•  when  there  is  danger  of  too  great  movement  being 

/%    q   '  y.^i'                  •  ^Andois  agrees  with  this  opinion,  and  compares  the 

^Py  .%  ^*     /<• '^  ^ing  protective  muscles. 

%   "^  %    v^'  ^^  ■"^•»,  '^»  cither  by  adhesions  or  anchyloses,  causing 


■<V. 


<^  •  '^  '  ^ '''  «^s,  ♦he  same  result  occurs  when  the  stapes  is 


^4  'o,  *5     '  "•;.  '  <•-  *"  the  tensor  tympani  has  been  divided 


^  V%  '"^o  -  *=  *  ^    ^,.    *N  *^«  tensor*  s««  8  347.  and  for  the 

\W-      ==^J>;^;.*^  ;^-      ^  <UM.— The  Eustachian 

'^4*  *^/  \  '^^  —'"^c*-  V  '^  V  '  '/^                                    *"  width  (fig.  722)]  is  the  vcn- 

\  %  %  »A            *  f^  ''*N*  '  '"                                 eeps  the  tension  of  the  air  within 

'?  ^4  V^^'  ^  ^r  •  •  v' '-  Pharynx  and 

S^%^u     -"  ^  ^'S  '^^  *  the  tension  of 

c<^%^  ^Aj^r-^^^^  "^^^  .0  the  tympanum,  is 

t^^  'V^'^.^'V  >—  ^rana  tympani  possible. 

•  v^  ;      <v—  os  the  surfaces  of  the  mu- 

'/^^^ ^  ^  -»me  into  apposition.    During 


'^'/v^  ,  the  tube  is  opened,  owing  to 


>>  '">  fibres  of  the  tensor  veli  palatini 

C^^  otaphylinus    sive    abductor    tubae   {v, 

.  dilator  tubae  {Rudingery\  inserted  into  1' 

ano-cartilaginous  part  of  the  tube  {Toynbee^  y\s.  722. 

,.     CCompare  §  130,  2.)     When   the   tube   is    «  1.      .•    \^-       r  *u 
;.      v,^^    K         a      oy»       J  ,  Schematic  section  of  the 

^,  the  vibrations  of  the  membrana  tympani  are  Eustachian  tube,  m 
^^^^^n>ed  in  a  more  undiminished  condition  to  the  and  /,  lateral  median 
audit:-ory  ossicles  than  when  it  is  open,  whereby  part  of  plate ;  K,  edge  of  the 
•he  -vibrating  air  is  forced  through  the  tube  {Mach  and  tube ;  P,  levator,  and  /, 
Kersel).  If,  however,  the  tympanic  cavity  is  closed  oTmbe 
perrrtanentlyy  the  air  within  it  becomes  so  rarefied  (§  139) 

thatt  the  membrana  tympani,  owing  to  the  abnormally  low  tension,  becomes 
drawn  inwards,  thus  causing  difficulty  of  hearing.  As  the  tube  is  lined  by 
ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secretions  of  the 
tympanum  (§  291). 

f  Functions  of  the  Eustachian  Tube. — It  permits  the  air  in  the  tympa- 
num to  be  changed,  it  acts  as  an  outlet  for  secretions,  maintains  the  equilibrium 
between  the  air  in  the  tympanum  and  that  in  the  external  auditory  meatus,  and 

it  prevents  the  rarefaction  of  the  air  in  the  tympanum  produced  by  successive 

3,cts  of  swallowing.] 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when 
<v«re  si^allow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of 
tlse  adhesive  surfaces  of  its  lining  membrane.  Another  person  may  hear  this  noise  by  using  a 
^ethoscope  or  his  ear. 

In  Valsalva's  experiment  ({  60),  as  soon  as  the  pressure  of  the  air  reaches  10  to  40  mm. 

H^«  air  enters  the  tube.     The  sound  is  heard  6rst,  and  then  we  feel  the  increased  tension  of  the 

tympanic  membrane,  owing  to  the  entrance  of  air  into  the  tympanum.    During  forced  inspiration, 

^w'hen  the  nose  and  mouth  are  closed,  air  is  sucked  out,  while  the  tympanum  is  ultimately  drawn 

jniw'ards. 

Xhe  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
pliarynx,  forms  the  levator-tminence  or  cushion  (fig.  432,  W).  Hence,  when  this  muscle  con- 
tracts and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  during  phona- 
tion,  tfae  lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  opening  thereby  narrowed 
^  ^Mr^).  The  contraction  of  the  tensor,  occurring  during  the  latter  part  of  the  act  of  deglutition, 
<lilates  the  tube. 
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are  very  intense,  as  it  is  a  physical  fact  that  stretched  membranes  are  more  dif- 
ficult to  throw  into  sympathetic  vibrations  the  tenser  they  are.  Thus,  the  ten- 
sion so  far  protects  the  auditory  organ,  as  it  prevents  too  intense  vtbratiom 
affecting  the  membrana  tympani  from  reaching  the  terminations  of  the  nerv& 
2.  The  tension  of  the  membrana  tympani  must  vary  according  to  the  degree  of 
contraction  of  the  tensor.  Thus,  the  membrana  for  the  time  being  has  a  differ- 
ent fundamental  tone,  and  is  thereby  capable  of  vibrating  to  the  correspond- 
ingly higher  tone,  it,  as  it  were,  being  in  a  certain  sense  accommodated  for. 

Comparison  with  Iris. — The  membrana  IfinpaDi  hus  been  compared  with  the  iris.  Bodi 
membranes  prevent,  by  contractioa — ^noirowing  of  ihe  pupil  and  tensioD  of  the  Dieinbraiu  It>- 
pani — tbe  loo  intense  aclion  of  the  specific  stimulus  from  csusitig  too  great  stimulalioii,  and  boA 
aiiaflt  Ibe  sensory  apparalul,  for  [he  action  of  nuiderale  or  weak  stimuli.  Thi»  moTCmciH  k 
both  membranes  is  brought  aboiu  rtflexly,  in  the  ear  ibrough  the  N.  acusticus,  which  acsei  1 
reflex  stimulation  of  the  motor  fibres  for  the  tensor  tympani. 

EfTect  of  Tension. — Thai  increased  tension  of  the  membrana  lympanj  renden  it  less  seai 
tive  to  sound-waves  is  easily  proved,  thus:  Close  the  mouth  and  oose.  atkd  make  ehber  a  funed 
expiration,  10  that  the  air  is  forced  into  the  Eustachian  tube,  which  bulges  out  the  membnai 
tympani,  or  inspire  forcibly,  whereby  the  air  in  the  tympanum  is  diminished,  so  that  the  mca- 
brana  bulges  inwards.  In  both  cases,  hearing  is  interfered  with,  as  long  as  Ihe  increased  tensiaa 
lasts.  If  a  funnel  with  a  small  lateral  opening,  and  whose  wide  end  i^  covered  by  a  merabnae, 
be  placed  in  the  external  meatus,  bearing  becomes  less  distinct  when  the  membraoe  is  strodicd 
(yp:*.  MUlltr).  If  air  be  blown  into  the  external  auditory  meatus,  both  tensofra  tjmpai 
contract,  and  in  consequence  of  this  Ihe  hearing  of  the  other  ear  is  temporarily  affected  {CiiGy 

Normally,  the  tensor  tympani  is  excited  rtfiixly  The  mu^le  is  not  direaly  and  by  toelf  ^>^ 
ject  to  the  control  of  the  will.  According  to  L.  Pick,  tbe  following  phenomenon  is  dne  W  la 
"  associated  movement  "  of  ihc  tensor;  When  he  pressed  his  jaws  firmly  against  ea(±  odiei.k 
heard  in  his  ear  a  [Hping,  singing  tone,  while  a  capillary  tube,  which  was  fixed  air-^fat  iota  tkc 
meatus,  had  a  drop  of  water  which  was  in  it  rapidly  drawn  inwards.  Duiiog  this  experiBoe.! 
person  nith  normal  hearing  hears  all  musical  tunes  as  if  they  were  louder,  while  all  Ibe  hi^hc* 
non-musical  tones  are  enfeebled  (ZHf(i.r).  When  j'<i«"ii>r,f,  v.  Hclmholti  and  Politier  fawd 
that  hearing  was  enfeebled  for  certain  tones. 

Contraction  of  the  Tensor. — Hensen  showed  that  the  contraction  of  tbe 

tensor  tympani  during  hearing  is  not  a  continued  contraction,  but  what  migfa: 
be  termed  a  "  twitch."  A  twitch  takes  place  at  the  beginning  of  the  act  of 
hearing,  which  favors  the  perception  of  the  sound,  as  the  membrana  tjmpani 
thus  set  in  motion  vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest 
On  exposing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this  contnctiM 
or  twitch  occurs  only  at  the  beginning  of  the  sound,  and  that  it  soon  ceases. 
although  the  sound  may  continue. 

Action  of  the  Stapedius. — The  muscle  arises  within  the  emioentia  pna- 
midalis,  and  is  inserted  into  the  bead  of  the  stapes  and  Sylvian  ossicle  (%■ 
jai)  ;  when  it  draws  upon  the  head  of  the  stapes,  as  indi- 
cated in  fig.  711,  by  the  small  curved  arrow,  it  must  place 
the  bone  obliquely,  whereby  the  posterior  end  of  the  p'j» 
of  the  stapes  is  pressed  somewhat  deeper  itrwards  into  vx 
fenestra  ovalis,  while  the  anterior  is,  as  it  were,  displaced 
somewhat  outwards.  The  stapes  is  thereby  more  fiierf.  js 
the  fibrous  mass  [angular  ligament]  which  surroaods  :ae 
Fig,  731.  fenestra  ovalis  and  keeps  the  stapes  in  its   place  beoKaes 

Right  stapedius       more  tense.     The  activity   of    this  muscle,  therefc«e.  pre- 
muscle.  vents  too  intense  shocks,  which  may  be  communicaieij  n^ 

the  incus  to  the  stapes,  from  being  conveyed    to  the  pc- 
lymph.     It  is  supplied  by  the  facial  nerve  (§  349,  3). 

The  stapedius  in  many  persons  executes  an  aiseciatai  movemeot,  when  Ibe  eyefidi  oe  istw 
closed  (J  349).  Some  petsotis  cati  cause  it  to  contract  rejitxly  by  scratching  Ibe  skii  is  if*  > 
the  meatus,  or  by  (gently  stroking  tbe  outer  margin  of  the  orbit  {^Henle).  It  seems  to  be  ^c^ 
refleily  in  many  diseases  of  the  ear  when  the  lympanuio  is  being  syringed. 

Other  Views, — Accordii^  10  Lucae,  when  the  stapes  is  displaced  oblifjnely.itsbeK'bRB^ 
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long  process  of  the  incus,  and  also  the  membrana  tympani,  outwards,  so  that  it  is  regarded  as  an 
atuagonisi  of  the  tensor  t3rmpani.  Politzer  observed  that  the  pressure  within  the  labjrrinth  fell 
when  he  stimulated  the  muscle.  According  to  Toynbee,  the  stapedius  acts  as  a  lever  and  moves 
the  stapes  slightly  out  of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that  it  is  more 
capable  of  vibrating.  Henle  supposes  that  the  stapedius  is  more  concerned  \n  fixing  than  in  mov- 
ing the  stapes,  and  that  it  comes  into  action  when  there  is  danger  of  too  great  movement  being 
communicated  to  the  stapes  from  the  incus.  Landois  agrees  with  this  opinion,  and  comfMures  the 
stapedius  with  the  orbicularis  palpebrarum,  both  being  protective  muscles. 

Pathological. — Immobility  of  the  auditory  ossicles,  either  by  adhesions  or  anchyloses,  causing 
diminished  vibrations,  interferes  with  hearing ;  while  the  same  result  occurs  when  the  stapes  is 
firmly  anchylosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  tympani  has  been  divided 
in  cases  of  contracture  of  the  muscles.  For  paralysis  of  the  tensor,  see  {  347,  and  for  the 
supedius,  2  349. 

411.  EUSTACHIAN  TUBE— TYMPANUM.— The  Eustachian 
tube  [4  centimetres  in  length  (i  ^^  in.),  2-3  mm.  in  width  (fig.  722)]  is  the  ven- 
tilating tube  of  the  tympanic  cavity.  It  keeps  the  tension  of  the  air  within 
the  tympanum  the  same  as  that  within  the  pharynx  and 
outer  air  (figs.  711,  720).  Only  when  the  tension  of 
the  air  is  the  same  outside  and  inside  the  tympanum,  is 
the  normal  vibration  of  the  membrana  tympani  possible. 
The  tube  is  generally  closed,  as  the  surfaces  of  the  mu- 
cous membrane  lining  it  come  into  apposition.  During 
sivallowing,  however,  the  tube  is  opened,  owing  to 
the  traction  of  the  fibres  of  the  tensor  veli  palatini 
[spheno-salpingo-staphylinus  sive  abductor  tubae  (v. 
TrdltscK),  sive  dilator  tubae  (^Riidingery]  inserted  into  1' 

the  merobrano-cartilaginous  part  of  the  tube  {Toynbee,  pj^  -j^. 

J^oiitz€r).  (Compare  §  139,  2.)  When  the  tube  is  schematic  section  of  the 
closed,  the  vibrations  of  the  membrana  tympani  are  Eustachian  tuhe.  m 
transferred  in  a  more  undiminished  condition  to  the  and  /,  lateral  median 
auditory  ossicles  than  when  it  is  open,  whereby  part  of  plate ;  K,  edge  of  the 
the  vibrating  air  is  forced  through  the  tube  {Mach  and  ^"^J  K,  levator,  and  /, 
Kessel).  If,  however,  the  tympanic  cavity  is  closed  oTt*^^^^  '  '  *" 
J>ermanently,  the  air  within  it  becomes  so  rarefied  (§  139) 
that  the  membrana  tympani,  owing  to  the  abnormally  low  tension,  becomes 
drawn  inwards,  thus  causing  difficulty  of  hearing.  As  the  tube  is  lined  by 
ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secretions  of  the 
tympanum  (§  291). 

[Functions  of  the  Eustachian  Tube. — It  permits  the  air  in  the  tympa- 
num to  be  changed,  it  acts  as  an  outlet  for  secretions,  maintains  the  equilibrium 
between  the  air  in  the  tympanum  and  that  in  the  external  auditory  meatus,  and 
it  prevents  the  rarefaction  of  the  air  in  the  tympanum  produced  by  successive 
a.cts  of  swallowing.] 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when 
we  swallow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of 
the  adhesive  surfaces  of  its  lining  membrane.  Another  person  may  hear  this  noise  by  using  a 
stethoscope  or  his  ear. 

In  Valsalva's  experiment  (J  60),  as  soon  as  the  pressure  of  the  air  reaches  10  to  40  mm. 

Hg,  air  enters  the  tube.     The  sound  is  heard  6rst,  and  then  we  feel  the  increased  tension  of  the 

tylnpanic  membrane,  owing  to  the  entrance  of  air  into  the  tympanum.    During  forced  inspiration, 

'when  the  nose  and  mouth  are  closed,  air  is  sucked  out,  while  the  tympanum  is  ultimately  drawn 

ini^vards. 

The  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
pharynx,  forms  the  levator-eminence  or  cushion  (fig.  432,  W).  Hence,  when  this  muscle  con- 
tracts and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  during  phona- 
tion,  the  lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  opening  thereby  narrowed 
{X^uca),  The  contraction  of  the  tensor,  occurring  during  the  latter  part  of  the  act  of  deglutition, 
<lilates  the  tube. 
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are  very  intense,  as  it  is  a  physical  fact  that  stretched  membranes  are  mott  dif- 
ficult to  throw  into  sympathetic  vibrations  the  tenser  they  are.  Thus,  Ibetni- 
sion  so  far  protects  the  auditory  organ,  as  it  prevents  too  intense  vibutiotn 
affecting  the  membrana  tympani  from  reaching  the  terminations  of  ibe  nerrci 
2.  The  tension  of  the  membrana  tympani  must  vary  according  lothedegreeof 
contraction  of  the  tensor.  Thus,  the  membrana  for  the  time  being  has  adiSn* 
ent  fundamental  tone,  and  is  thereby  capable  of  vibrating  to  the  correspond- 
ingly higher  tone,  it,  as  it  were,  being  in  a  certain  sense  accommodated  for 

ConipBrison  with  Iris. — The  membranB  lympani  has  beeo  compared  with  the  irii,  Ebtt 
membiaDes  prevent,  by  contraction — narrowing  of  ibe  pupil  and  tenEton  of  (he  membTwii  Irn- 
pani — the  loo  intense  action  of  the  ipeciRc  slimulus  from  caiiMng  too  gi«>t  stimalalion.mdbxk 
adapt  the  sensory  apparntus.  for  Ibe  action  of  mmlerate  or  weak  ttimutj.  This  moieiuiil  ii 
both  membranes  is  brought  about  rtJUxly,  in  the  ear  through  the  N.  scusticus,  whidi  oian  1 
reflex  slimuUlion  of  ibe  motor  fibres  for  the  tensor  tympani. 

Effect  of  Tension. — Thai  increased  tension  of  the  membraDa  lympani  readers  it  lestvns- 
li*e  to  sound-waves  is  easily  proved,  thus ;  Close  the  moulh  and  nose,  and  make  eiiber  a  fuKtd 
expiration,  so  thai  ihc  air  is  forced  inlo  the  Eustachian  tulx,  which  bulges  oat  ttie  Dicmbrui 
tympani,  or  inspire  forcibly,  whereby  the  air  in  the  tympanum  is  dimini^ed,  so  ibal  thcDKB- 
brtna  bulges  innards.  In  both  cases,  hearing  is  interfered  with,  as  long  as  the  increased  lOBia 
lasts.  If  a  funnel  wllh  a  small  lateral  opening,  and  whose  wide  end  i-^  covered  by  a  nKmtiiK, 
be  pimced  in  the  external  meatus,  hearing  becomes  less  distinct  when  the  mcmbraiK  is  HrScbrf 
{JuA.  Afiilltr).  IF  air  be  blown  inlo  the  external  auditory  meatus,  both  tensores  tTmpu 
contract,  and  in  consequence  of  this  ibe  hearing  of  the  other  ear  is  lempoiatily  affected  [Ci!S\ 

Normally,  the  tensor  lympani  is  excited  rijltxiy.  The  muscle  is  not  directly  and  by  intlfiit 
ject  lo  ibe  control  of  the  will.  According  to  L.  Fick,  Ibe  followiDg  phenomenon  is  due  to  11 
"associated  movemetil  "  of  ihe  tensor  :  When  he  pressed  his  jaws  tirnily  against  each  oihcr,bt 
heard  in  his  ear  a  |»ping,  tinging  tone,  while  a  capillary  tube,  which  was  fixed  air-tight  into  ibr 
meaiui,  had  a  dropof  water  which  was  in  it  rapidly  drawn  inworda.  During  this  eiperiiiiai.i 
person  with  normal  hearing  hears  all  musical  tones  as  if  ihey  were  louder,  while  all  ihe  hicM 
non-musical  tones  are  enfeebled  (Zni-ar).  When  yatiming,  v.  Helmhottz  and  Politut  bud 
that  hearing  was  enfeebled  for  certain  tones. 

Contraction  of  the  Tensor. — Hansen  showed  that  the  contractioa  of  ibe 
tensor  tympani  during  hearing  is  not  a  contintied  contraction,  but  what  migb 
be  termed  a  "  twitch."  A  twitch  takes  place  at  the  beginning  of  the  act  of 
hearing,  which  favors  the  perception  of  the  sound,  as  the  tnembrana  tytofani 
thus  set  in  motion  vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest. 
On  exposing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this  contractioe 
or  twitch  occurs  only  at  the  beginning  of  the  sound,  and  that  it  soon  cnsef. 
although  the  sound  may  continue. 

Action  of  the  Stapedius. — The  muscle  arises  within  the  eminenliapyn- 
mtdalis,  and  is  inserted  into  the  bead  of  the  stapes  and  Sylvian  ossicle  (^. 
731)  ;  when  it  draws  upon  the  head  of  the  stapes,  as  indi- 
cated in  tig.  711,  by  the  small  curved  arrow,  it  must  pUct 
the  bone  obliquely,  whereby  the  posterior  endoftbepla* 
of  the  stapes  is  pressed  somewhat  deeper  imvards  into  iIk 
fenestra  ovalis,  while  the  anterior  is,  as  it  were,  displat(<^ 
somewhat  OT<ft(i«rA,  The  stapes  is  thereby  inorefiMd,^ 
the  fibrous  mass  [angular  ligament]  which  surrounds  t* 
Fig.  7*1.  fenestra  ovalis  and  keeps  the  stapes  in  its   place  betone 

Right  stapedius      ""Ore  tense.     The  activity  of   this  muscle,  therefore,  pi*- 
muscle.  vents  toD  intense  shocks,  which  may  be  communicated  fttc 

the  incus  to  the  stapes,  from  being  conveyed    to  the  psi 
lymph.     It  is  supplied  by  the  facial  nerve  (§  349,  3). 

The  stapedius  in  many  persons  executes  an  associaltd  movemenl,  when  the  eydids  are  fx^ 
closed  (J  349).  Some  persons  can  cause  itlo  contract  Tejtexty  by  scratching  the  skin  in  bet'' 
the  meatus,  or  by  gently  stroking  Ihe  outer  margin  of  the  orbit  i^Henlt).  ll  s«emi  to  be  tBK- 
reflexly  in  many  diseases  of  the  ear  when  the  tympanum  is  being  syringed. 

Other  Views. — According  to  Lucae,  when  the  stapes  is  displaced  obliquely,  its  headfan«> 
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long  process  of  the  incus,  and  also  the  membrana  tympani,  outwards^  so  that  it  b  regarded  as  an 
aniagonist  of  the  tensor  t3rmpani.  Politzer  observed  that  the  pressure  within  the  labjrrinth  fell 
when  he  stimulated  the  muscle.  According  to  Toynbee,  the  stapedius  acts  as  a  lever  and  moves 
the  stapes  slightly  out  of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that  it  is  more 
capable  of  vibrating.  Henle  supposes  that  the  stapedius  is  more  concerned  m  fixing  than  in  mov- 
ing the  stapes,  and  that  it  comes  into  action  when  there  is  danger  of  too  great  movement  being 
communicated  to  the  stapes  from  the  incus.  Landois  agrees  with  this  opinion,  and  compares  the 
stapedius  with  the  orbicularis  palpebrarum,  both  being  protective  muscles. 

Pathological. — Immobility  of  the  auditory  ossicles,  either  by  adhesions  or  anchyloses,  causing 
diminished  vibrations,  interferes  with  hearing ;  while  the  same  result  occurs  when  the  stapes  is 
firmly  anchylosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  tympani  has  been  divided 
in  cases  of  contracture  of  the  muscles.  For  paralysis  of  the  tensor,  see  {  347,  and  for  the 
stap>edius,  {  349. 

411.  EUSTACHIAN  TUBE— TYMPANUM.— The  Eustachian 
tube  [4  centimetres  in  length  (i  ^^  in.),  2-3  mm.  in  width  (fig.  722)]  is  the  ven- 
tilating tube  of  the  tympanic  cavity.  It  keeps  the  tension  of  the  air  within 
the  tympanum  the  same  as  that  within  the  pharynx  and 
outer  air  (figs.  711,  720).  Only  when  the  tension  of 
the  air  is  the  same  outside  and  inside  the  tympanum,  is 
the  normal  vibration  of  the  membrana  tympani  possible. 
The  tube  is  generally  closed,  as  the  surfaces  of  the  mu- 
cous membrane  lining  it  come  into  appK)sition.  During 
sivallowing,  however,  the  tube  is  opened,  owing  to 
the  traction  of  the  fibres  of  the  tensor  veli  palatini 
[spheno-salpingo-staphylinus  sive  abductor  tubae  (v. 
T^roHscK),  sive  dilator  tubae  {Rudingery]  inserted  into  l' 

the  membrano-cartilaginous  part  of  the  tube  {Toynbee,  y\b  722 

^o/ifzer)  (Compare  §  139,  2.)  When  the  tube  is  g^^^^,.^  \^^  ^^  ^^ 
closed,  the  vibrations  of  the  membrana  tympani  are  Eustachian  tube,  m 
transferred  in  a  more  undiminished  condition  to  the  and  /,  lateral  median 
auditory  ossicles  than  when  it  is  open,  whereby  part  of  plate;  K,  edge  of  the 
the  vibrating  air  is  forced  through  the  tube  {Mach  and  ^"^J  K,  levator,  and  /, 
Kessel).     If,  however,  the  tympanic  cavity  is  closed       oTmbe^  "" 

j>erfnanentlyy  the  air  within  it  becomes  so  rarefied  (§  139) 
that  the  membrana  tympani,  owing  to  the  abnormally  low  tension,  becomes 
drawn  inwards,  thus  causing  difficulty  of  hearing.     As  the  tube  is  lined  by 
ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secretions  of  the 
tympanum  (§  291). 

[Functions  of  the  Eustachian  Tube. — It  permits  the  air  in  the  tympa- 
num to  be  changed,  it  acts  as  an  outlet  for  secretions,  maintains  the  equilibrium 
between  the  air  in  the  tympanum  and  that  in  the  external  auditory  meatus,  and 
it  prevents  the  rarefaction  of  the  air  in  the  tympanum  produced  by  successive 
a.cts  of  swallowing.] 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when 
^ve  swallow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of 
the  adhesive  surfaces  of  its  lining  membrane.  Another  person  may  hear  this  noise  by  using  a 
stethoscope  or  his  ear. 

In  Valsalva's  experiment  (J  60),  as  soon  .as  the  pressure  of  the  air  reaches  10  to  40  mm. 

Mg«  air  enters  the  tube.     The  sound  is  heard  first,  and  then  we  feel  the  increased  tension  of  the 

tympanic  membrane,  owing  to  the  entrance  of  air  into  the  tympanum.    During  forced  inspiration, 

when  the  nose  and  mouth  are  closed,  air  is  sucked  out,  while  the  tympanum  is  ultimately  drawn 

in^w^ards. 

The  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
pliarynx,  forms  the  levator-eminence  or  cushion  (fig.  432,  W).  Hence,  when  this  muscle  con- 
tracts  and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  during  phona- 
tioo,  the  lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  opening  thereby  narrowed 
{£^t4rd).  The  contraction  of  the  tensor,  occurring  during  the  latter  part  of  the  act  of  deglutition, 
^ilaues  the  tube. 
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are  very  intense,  as  it  is  a  physical  fact  that  stretched  membranes  are  mote  dif- 
ficult to  throw  into  sympathetic  vibrations  the  tenser  they  are.  Thus,  the  leo- 
sion  so  far  protects  the  auditory  organ,  as  it  prevents  too  intense  vibntions 
afTecting  the  membrana  tympani  from  reaching  the  terminations  of  the  nervts. 
3.  The  tension  of  ihe  membrana  tympani  must  vary  according  tothedegreeof 
contraction  of  the  tensor.  Thus,  the  membrana  for  the  time  being  has  adiSn- 
ent  fundamental  tone,  and  is  thereby  capable  of  vibrating  to  the  correspood- 
ingly  higher  tone,  it,  as  it  were,  being  in  a  certain  sense  accommodated  for. 

Comparison  with  Iris. — The  membrana  lympani  hu  bpen  compaTcd  with  the  irii.  Bod 
■ncmbmne^  prevent,  by  contraclioD — noirowing  of  \be  pupil  ood  tension  of  ihe  membniu  tra- 
pani — tbe  loo  intense  action  of  the  ipecific  stimulus  from  causing  too  great  stimulation,  uid  M 
atiafit  the  seniory  apparatus,  for  the  action  of  moderate  or  weak  stimuli.  This  movement  h 
both  membranes  is  brought  about  rtflixly,  in  the  ear  through  the  N,  acusticiu,  which  canset  a 
refiex  stimulolion  of  the  motor  fibres  for  the  tensor  tympani. 

Effect  of  Tension.— That  increased  tension  of  the  membrana  tympani  renders  it  leas  sens 
ti*e  to  sound-waves  is  easily  proved,  thus:  Close  the  mouth  and  nose,  aod  make  either  a  furaed 
expiration,  so  that  the  air  Is  (breed  inio  tbe  Eustachian  tube,  which  bulges  oai  the  nemtaui 
tympani,  or  inspire  forcibly,  whereby  the  air  in  the  tympanum  is  diministied,  so  ifaat  the  meB- 
brana  bulges  inwards.  In  both  ca.ses,  hearing  is  interfered  with,  as  loi>g  as  the  iocreased  tenana 
lasts.  If  a  fiinnel  with  a  small  lateral  opening,  and  whose  wide  end  is  covered  by  a  membruc, 
be  placed  in  the  external  meatus,  hearing  becomes  less  distinct  when  the  membrame  is  smtcbed 
yjak.  Miilltr).  If  air  be  blown  into  the  external  auditory  meatus,  both  lensoret  tymiim 
contract,  »nd  in  consequence  of  this  tbe  hearing  of  the  other  ear  is  temporarily  aDected  (  Cetlr'y 

Normally,  the  tensor  tympani  is  excited  rijtfxly.  The  muscle  is  not  directly  and  \ty  itself  aib^ 
ject  to  ibe  cuntrol  of  the  will.  According  to  L.  Kick,  the  following  phenomenoD  is  doe  to  ii 
"  associated  movement  "  of  the  tensor  ;  When  he  pressed  his  jaws  firmly  against  each  other, bt 
heard  in  his  ear  a  piping,  aingiiig  tone,  while  a  capillary  tube,  which  was  fixed  air-tight  into  tbe 
meatus,  had  a  drop  of  water  which  was  in  it  rapidly  drawn  inwards.  During  this  cxperimoil.  > 
person  with  norma!  hearing  hears  all  musical  tunes  as  if  they  were  louder,  while  all  the  Inchesl 
non-musical  tones  are  enfeebled  (Z»fi<).  When  yawning,  v.  Helmholtz  and  Pblitzer  fand 
thil  hearing  was  enfeebled  for  certain  tones. 

Contraction  of  the  Tensor. — Hensen  showed  that  the  contraction  of  tbe 
tensor  tympani  during  hearing  is  not  a  continued  contraction,  but  what  migbt 
be  termed  a  "  twitch."  A  twitch  takes  place  at  the  beginning  of  the  act  of 
hearing,  which  favors  the  perception  of  the  sound,  as  the  membrana  tympui 
thus  set  in  motion  vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest 
On  exposing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this  contiactica 
or  twitch  occurs  only  at  the  beginning  of  the  sound,  and  that  it  soon  ceases, 
although  the  sound  may  continue. 

Action  of  the  Stapedius. — The  muscle  arises  within  the  eminentia  pna- 
midalis,  and  is  inserted  into  the  head  of  the  stapes  and  Sylvian  ossicle  (% 
7Z1) ;  when  it  draws  upon  the  head  of  Ihe  stapes,  as  indi- 
cated in  lig.  711,  by  the  small  curved  arrow,  it  roust  plact 
the  bone  obliquely,  whereby  the  posterior  end  of  the  pliie 
of  the  stapes  is  pressed  somewhat  deeper  inwards  into  tbe 
fenestra  ovalis,  while  the  anterior  is,  as  it  were,  disputed 
somewhat  outwards.  The  stapes  is  thereby  more  fiied, » 
the  fibrous  mass  [angular  ligament]  which  surrounds  liv 
Fig-  7"'-  fenestra  ovalis  and  keeps  the  stapes  in  its  place  becomes 

Right  stapedius      more  tense.     The  activity   of    this  muscle,  therefore,  p»- 
muscle.  vents  too  intense  shocks,  which  may  be  communicated  ftoa 

the  incus  to  Ihe  stapes,  from  being  conveyed   to  the  poi- 
lymph.     It  is  supplied  by  the  facial  nerve  (§  349,  3). 

The  stapedius  in  many  persons  executes  an  assoiialtd  movement,  when  the  eyelids  are  lotii'* 
closed  [\  349).  Some  persons  can  cause  it  to  contract  rtfiexly  by  scratching  the  skin  in  iatt.9 
the  meatus,  or  by  gently  siroking  the  outer  mai^o  of  the  orbit  {Henlt).  It  seems  V>  bt  etoti 
reflexly  in  many  diseases  of  the  ear  when  tbe  tympanum  is  being  syringed. 

Other  Views. — According  to  Lucae,  when  the  stapesisdisplaced  obliquely,  its  head  fcira* 
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long  process  of  the  incus,  and  also  the  membrana  tympani,  outwards^  so  that  it  is  regarded  as  an 
antagonist  of  the  tensor  t3rmpani.  Politzer  observed  that  the  pressure  within  the  labjrrinth  fell 
when  he  stimulated  the  muscle.  According  to  Toynbee,  the  stapedius  acts  as  a  lever  and  moves 
the  stapes  sli^^htly  out  of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that  it  is  more 
capable  of  vibrating.  Henle  supposes  that  the  stapedius  is  more  concerned  infixing  than  in  mov- 
ing  the  stapes,  and  that  it  comes  into  action  when  there  is  danger  of  too  great  movement  being 
communicated  to  the  stapes  from  the  incus.  Landois  agrees  with  this  opinion,  and  compares  the 
stapedius  with  the  orbicularis  palpebrarum,  both  being  protective  muscles. 

Pathological. — Immobility  01  the  auditory  ossicles,  either  by  adhesions  or  anchyloses,  causing 
diminished  vibrations,  interferes  with  hearing ;  while  the  same  result  occurs  when  the  stapes  is 
firmly  anchylosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  t3rmpani  has  been  divided 
in  cases  of  contracture  of  the  muscles.  For  paralysis  of  the  tensor,  see  {  347,  and  for  the 
sUpedius,  2  349. 

411.  EUSTACHIAN  TUBE— TYMPANUM.— The  Eustachian 
tube  [4  centimetres  in  length  (i^  in.),  2-3  ram.  in  width  (fig.  722)]  is  the  ven- 
tilating tube  of  the  tympanic  cavity.  It  keeps  the  tension  of  the  air  within 
the  tympanum  the  same  as  that  within  the  pharynx  and 
outer  air  (figs.  711,  720).  Only  when  the  tension  of 
the  air  is  the  same  outside  and  inside  the  tympanum,  is 
the  normal  vibration  of  the  membrana  tympani  possible. 
The  tube  is  generally  closed,  as  the  surfaces  of  the  mu- 
cous membrane  lining  it  come  into  apposition.  During 
s^vallowing,  however,  the  tube  is  opened,  owing  to 
the  traction  of  the  fibres  of  the  tensor  veli  palatini 
[spheno-salpingo-staphylinus  sive  abductor  tubae  {v. 
TroltscK),  sive  dilator  tubae  {RUdingery]  inserted  into  1' 

the  membrano-cartilaginous  part  of  the  tube  (^Toynbee,  pj-  -22. 

Politzer).  (Compare  §  139,  2.)  When  the  tube  is  schematic  section  of  the 
closed,  the  vibrations  of  the  membrana  tympani  are  Eustachian  tube,  m 
transferred  in  a  more  undiminished  condition  to  the  and  /,  lateral  median 
auditory  ossicles  than  when  it  is  open,  whereby  part  of  plate;  K,  edge  of  the 
the  vibrating  air  is  forced  through  the  tube  (^Mach  and  ^"^J  K,  levator,  and  /, 
Kess€l\     If,  however,  the  tympanic  cavity  is  closed       oTmbe^  "*" 

permanently,  the  air  within  it  becomes  so  rarefied  (§  139) 
that  the  membrana  tympani,  owing  to  the  abnormally  low  tension,  becomes 
drawn  inwards,  thus  causing  difficulty  of  hearing.     As  the  tube  is  lined  by 
ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secretions  of  the 
tympanum  (§  291). 

[Functions  of  the  Eustachian  Tube. — It  permits  the  air  in  the  tympa- 
num to  be  changed,  it  acts  as  an  outlet  for  secretions,  maintains  the  equilibrium 
between  the  air  in  the  tympanum  and  that  in  the  external  auditory  meatus,  aiid 
it  prevents  the  rarefaction  of  the  air  in  the  tympanum  produced  by  successive 
acts  of  swallowing.] 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when 
we  swallow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of 
the  adhesive  surfaces  of  its  lining  membrane.  Another  person  may  hear  this  noise  by  using  a 
stethoscope  or  his  ear. 

In  Valsalva's  experiment  ({  60),  as  soon  as  the  pressure  of  the  air  reaches  10  to  40  mm. 
Hg,  air  enters  the  tube.  The  sound  is  heard  first,  and  then  we  feel  the  increased  tension  of  the 
tympanic  membrane,  owing  to  the  entrance  of  air  into  the  tympanum.  During  forced  inspiration, 
when  the  nose  and  mouth  are  closed,  air  is  sucked  out,  while  the  tympanum  is  ultimately  drawn 
inwards. 

The  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
phar3mx,  forms  the  levator-eminence  or  cushion  (fig.  432,  W).  Hence,  when  this  muscle  con- 
tracts and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  during  phona- 
tion«  the  lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  opening  thereby  narrowed 
{Luca).  The  contraction  of  the  tensor,  occurring  during  the  latter  part  of  the  act  of  deglutition, 
dilates  the  tube. 
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are  very  intense,  as  it  is  a  physical  fact  that  stretched  membranes  are  more  dif- 
ficult to  throw  into  sympathetic  vibrations  the  tenser  they  are.  Thus,  theiea- 
sion  so  far  protects  the  auditory  organ,  as  it  prevents  too  intense  vibntioDs 
affecting  the  membrana  tyrapani  from  reaching  the  terminations  of  the  dcitcs 
a.  The  tension  of  the  membrana  tympani  must  vary  according  tothedegretot 
contraction  of  the  tensor.  Thus,  the  membrana  for  the  time  beinghas  adifffr- 
ent  fundamental  tone,  and  is  thereby  capable  of  vibrating  to  the  correspond- 
ingly higher  tone,  it,  as  it  were,  being  in  a  certain  sense  accommodated  for. 

Comparison  with  IriB. — The  memhrana  tyrapani  hM  been  compared  wilh  Ihi  irii.  Bak 
membranes  prevent,  by  conlraction — narrowing  of  Ihe  pupil  and  teosion  of  ihe  membraDi  t^B- 
pBni-^he  too  intCDse  actioD  of  the  specific  slimului  from  caasing  too  great  stimalalion.  ud  t«k 
adapt  the  sensory  apparatus,  for  the  action  of  moderate  or  veaJc  nimuli.  This  moTimtiit  B 
both  membranea  is  brought  abool  refltxly,  in  Ihe  ear  through  the  N.  aciutiCDS,  which  txaa  ■ 
reflex  stimulation  of  the  motoc  fibres  for  the  tensor  tympaoi. 

Effect  of  Tension. — That  increased  tension  of  ihe  TDembrana  tympaDi  rmden  it  less  kw 
live  lo  sound-waves  is  easily  proved,  thus:  Close  the  moutb  and  nose,  and  make  (iihei  lEiniJ 
e;ipiration,  so  thai  the  air  is  forced  into  the  Eustachian  tab«,  whii^  bulges  oui  the  Beotiu 
lympani,  or  inspire  Torcibly,  whereby  the  air  in  the  tympanutn  is  diminished,  so  thai  tbe  iiea- 
brana  bulges  inwards.  In  both  cases,  hearing  is  inlerfered  with,  as  long  as  the  increased  vaea 
lasts.  If  a  funnel  with  a  small  lalcral  opening,  and  whose  wide  end  is  covrreJ  by  a  menittiar, 
be  placed  in  the  externa!  meaius,  hearing  becomes  less  distinct  when  the  membrane  is  antdtj 
{^Jeh.  Miiller).  If  air  be  blown  into  the  external  auditory  meatus,  both  tenwres  Itap* 
contract,  and  m  consequence  of  this  the  hearing  of  theothcrear  is  temporarily  afficeied  (Ci'i . 

Normally,  the  tensor  tympani  is  excited  riflixly.  The  muscle  is  not  directly  and  by  is^s^ 
jecl  to  tbe  cunlrol  of  the  will.  According  lo  L.  Fick,  the  following  pbenooienoa  u  due  M  a 
"  associated  movement  "  of  the  tensor :  When  he  pressed  his  jaws  linnly  against  each  oAn.k 
heard  in  his  ear  a  piping,  singing  tone,  while  a  capillary  tube,  which  was  6xed  air-tigbl  iMs  ik 
meatus,  bad  a  dropof  water  which  was  in  it  rapidly  drawn  inwards.  During  this  upoiaaLi 
person  with  nonnsl  hearing  hears  all  musical  tunes  as  if  ihey  were  louder,  whDe  all  ibc  tacks 
non-musical  lones  are  enfeebled  (^Hca^).  When  j'anm'nf,  v.  Helmholu  and  Politm  faa£ 
that  hearing  was  enfeebled  for  certain  tones. 

Contraction  of  the  Tensor. — Hensen  showed  that  thecontiactioiic^'Ji: 
tensor  tympani  during  hearing  is  not  a  continued  contraction,  but  whitmi^' 
be  termed  a  "  twitch."  A  twitch  takes  place  at  the  beginning  of  tbe  act  " 
hearing,  which  favors  the  perception  of  the  sound,  as  the  membrana  iTVim. 
thus  set  in  motion  vibrates  more  readily  to  higher  tones  than  when  it  b  aiis- 
On  exposing  the  tympanum  in  cats  and  dogs,  it  was  found  that  this  cootivtiix 
or  twitch  occurs  only  at  the  beginning  of  the  sound,  and  that  it  soon  os^ 
although  the  sound  may  continue. 

Action  of  the  Stapedius. — The  mtiscle  arises  within  the  emiooitia  pi^ 
midalis,  and  is  inserted  into  the  bead  of  Che  stapes  and  Sylvian  oaade  ~ 
•jii)  ;  when  it  draws  upon  the  head  of  the  stapes  k  bl- 
eated in  fig.  711,  by  the  small  curved  arrow,  it  m:st  7^ 
the  bone  obliquely,  whereby  the  posterior  end  of  tiwr-- 
of  Ihe  stapes  is  pressed  somewhat  deeper  imntrJi  C^  — 
fenestra  ovalis,  while  the  anterior  is,  as  it  were.  distU-^ 
somewhat  outwards.  The  stapes  is  thereby  more  fciec.  ± 
the  fibrous  mass  [angular  ligament]  which  sanoetaiB  ~ 
fig- 7"'  fenestra  ovalis  and  keeps  the  stapes  in  its   place  icc3^ 

Right  swpcdios      more  tense.     The  activity   of    this  muscle,  thciefcte.  ?^ 
muscle.  vents  too  intense  shocks,  which  may  be  coniaiankarec^- 

the  incus  to  the  stapes,  from  being  conveyed    to  rbi  re" 
lymph.     It  is  supplied  by  the  facial  nei^ve  (§  349,  3). 

The  stapedius  in  many  persios  eiccntes  an  aasdaltd  movemoit.  when  the  ndAs  w:  ^r^ 
closed  \\  349^-  Some  persons  can  cause  it  10  contraci  rf/ltzly  bj  scmchii^  tW  kb  b  ir*  ' 
the  meatus,  oc  hy  gently  Mr»kin):  the  outer  maigin  of  the  orbit  {Semle),  It  scc^  a:  ^  ^^ 
relleily  in  many  diseases  of  Ihe  ear  wben  ihe  lympannm  is  being  syrii^ed. 

Other  Views. — According  to  Lucae,  when  tlic  supo  is  ^splaccd  oUKpely,  is  be>- «=  =■ 
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long  process  of  the  incus,  and  also  the  membrana  tympani,  outwards ^  so  that  it  is  regarded  as  an 
aniagonisi  of  the  tensor  t3rmpani.  Politzer  observed  that  the  pressure  within  the  labjrrinth  fell 
when  he  stimulated  the  muscle.  According  to  Toynbee,  the  stapedius  acts  as  a  lever  and  moves 
the  stapes  slightly  out  of  the  fenestra  ovalis,  thus  making  it  more  free  to  move,  so  that  it  is  more 
capable  of  vibrating.  Henle  supposes  that  the  stapedius  is  more  concerned  m  fixing  than  in  mov- 
ing the  stapes,  and  that  it  comes  into  action  when  there  is  danger  of  too  great  movement  being 
communicated  to  the  stapes  from  the  incus.  Landois  agrees  with  this  opinion,  and  compares  the 
stapedius  with  the  orbicularis  palpebrarum,  both  being  protective  muscles. 

Pathological. — Immobility  of  the  auditory  ossicles,  either  by  adhesions  or  anchyloses,  causing 
diminbhed  vibrations,  interferes  with  hearing;  while  the  same  result  occurs  when  the  stapes  is 
firmly  anchylosed  into  the  fenestra  ovalis.  The  tendon  of  the  tensor  tympani  has  been  divided 
in  cases  of  contracture  of  the  muscles.  For  paralysis  of  the  tensor,  see  {  347,  and  for  the 
supedius,  J  349. 

411.  EUSTACHIAN  TUBE— TYMPANUM.— The  Eustachian 
tube  [4  centimetres  in  length  (i^  in.),  2-3  mm.  in  width  (fig.  722)]  is  the  ven- 
tilating tube  of  the  tympanic  cavity.  It  keeps  the  tension  of  the  air  within 
the  tympanum  the  same  as  that  within  the  pharynx  and 
outer  air  (figs.  711,  720).  Only  when  the  tension  of 
the  air  is  the  same  outside  and  inside  the  tympanum,  is 
the  normal  vibration  of  the  membrana  tympani  possible. 
The  tube  is  generally  closed^  as  the  surfaces  of  the  mu- 
cous membrane  lining  it  come  into  apposition.  During 
s^vallowing,  however,  the  tube  is  opened,  owing  to 
the  traction  of  the  fibres  of  the  tensor  veli  palatini 
[spheno-salpingo-staphylinus  sive  abductor  tubae  (jv, 
TroltscK),  sive  dilator  tubae  (^Rudinger)'\  inserted  into  1' 

the  membrano-cartilaginous  part  of  the  tube  {Toynbee,  pj_  ^^2 

J'olitzer).  (Compare  §  139,  2.)  When  the  tube  is  schematic  secUon  of  the 
closed,  the  vibrations  of  the  membrana  tympani  are  Eustachian  tube,  m 
transferred  in  a  more  undiminished  condition  to  the  and  /,  lateral  median 
auditory  ossicles  than  when  it  is  open,  whereby  part  of  plate;  K,  edge  of  the 
the  vibrating  air  is  forced  through  the  tube  (^Mach  and  ^"^5  K,  levator,  and  /, 
Kessel\     If,  however,  the  tympanic  cavity  is  closed       oTt*^^  "^ 

J>ermanently^  the  air  within  it  becomes  so  rarefied  (§  1 39) 
that  the  membrana  tympani,  owing  to  the  abnormally  low  tension,  becomes 
drawn  inwards,  thus  causing  difficulty  of  hearing.     As  the  tube  is  lined  by 
ciliated  epithelium  it  carries  outwards  to  the  pharynx  the  secretions  of  the 
tympanum  (§  291). 

[Functions  of  the  Eustachian  Tube. — It  permits  the  air  in  the  tympa- 
num to  be  changed,  it  acts  as  an  outlet  for  secretions,  maintains  the  equilibrium 
between  the  air  in  the  tympanum  and  that  in  the  external  auditory  meatus,  and 
it  prevents  the  rarefaction  of  the  air  in  the  tympanum  produced  by  successive 
acts  of  swallowing.] 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tube  during  swallowing,  when 
^we  swallow  slowly  and  at  the  same  time  contract  the  tensor  tympani,  due  to  the  separation  of 
the  adhesive  surfaces  of  its  lining  membrane.  Another  person  may  hear  this  noise  by  using  a 
stethoscope  or  his  ear. 

In  Valsalva's  experiment  (J  60),  as  soon  as  the  pressure  of  the  air  reaches  10  to  40  mm. 

Hg,  air  enters  the  tube.     The  sound  is  heard  6rst,  and  then  we  feel  the  increased  tension  of  the 

tympanic  membrane,  owing  to  the  entrance  of  air  into  the  tympanum.    During  forced  inspiration, 

^%vhen  the  nose  and  mouth  are  closed,  air  is  sucked  out,  while  the  tympanum  is  ultimately  drawn 

inwards. 

The  M.  levator  veli  palatini,  as  it  passes  under  the  base  of  the  opening  of  the  tube  into  the 
pbarynx,  forms  the  levator-eminence  or  cushion  (fig.  432,  W).  Hence,  when  this  muscle  con- 
tracts and  its  belly  thickens,  as  at  the  commencement  of  the  act  of  deglutition  and  during  phona- 
^ion,  the  lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  opening  thereby  narrowed 
i  I^uca).  The  contraction  of  the  tensor,  occurring  during  the  latter  part  of  the  act  of  deglutition, 
<lilate8  the  tube. 
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Other  Views. — According  to  RUdinger,  the  tube  is  always  opeo,  although  odjrbf  i  loy 
naiTow  passage  in  the  upper  part  of  the  canal,  while  the  canal  is  dilated  dnritig  mUnni^ 
According  to  Cleland,  tbe  tube  is  geoenllf  opcD,  and  is  clOMd  during  swallowing. 

[Practical  Importance. — The  tympanic  cavity  forms  an  osseous  box,aiid 
therefore  a.  protective  organ  for  the  auditory  ossicles  and  their  muscles,  whik 
the  increased  air  space,  obtained  by  its  communication  with  the  mastoid  cells, 
permits  free  vibration  of  the  membrana  tympani.  The  six  sides  of  the  tytnja- 
num'have  important  practical  relations.  It  is  about  half  an  inch  in  heifhi, 
and  one  or  two  lines  in  breadth,  ('.  e. ,  from  without  inwards.  Its  roe/  is  sept 
raled  from  the  cavity  of  the  brain  by  a  very  thin  piece  of  bone,  which  issoDW- 
times  defective,  so  that  encephalitis  may  follow  an  abscess  of  the  middle  er. 
The  i7u/er  wall  is  formed  by  the  membrana  tympani,  while  on  the  inwrnU 
are  the  fenestra  ovalis  and  rotunda,  the  ridge  of  the  aqueductus  Fallopii,  the 


^ 
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Fig.  723.  Fig.  7*4. 

Fig.  723.— Bellows  attached   to  an  Eustachian  catheter  {AfacHaugA/on  Jonts).    Tig.  714-- 
Vertical  section  of  the  head,  showing  the  Eustachian  catheter  in  position. 

promontory,  and  the  pyramid.  The  floor  consists  of  a  thin  plate  of  boof, 
which  roofs  in  the  jugular  fossa  and  separates  it  from  the  jtigular  vein.  Frac- 
tures of  the  base  of  the  skull  may  rupture  the  carotid  artery  or  internal  jugnhi 
vein  ;  hence,  hemorrhage  from  the  ears  is  a  bad  symptom  in  these  cases.  Cirie 
of  the  ear  may  extend  to  other  organs.  The  anttrior  wall  is  in  close  relaiion 
with  the  carotid  artery,  while  the  posterior  communicates  with  the  mastoid  cells, 
so  that  fluids  from  the  middle  ear  sometimes  escape  through  the  mastoid  cells.] 

That  the  air  in  the  tympanum  can  communicate  its  vibrations  to  the  mcmlwane  of  the  fcofSn 
rotunda  is  true  (p.  I009,  3),  but  normally  this  is  so  slight,  when  compared  with  the  candKtxa 
(htough  the  auditory  ossicles,  that  it  scarcely  need  be  taken  into  account. 

Structure. — The  tut>e  and  tympaoum  are  lined  by  a  common  mucous  membrane,  caracd  if 
ciliated  epithelium,  while  the  membrana  is  lined  by  a  layer  of  squamous  epilbelinm.  Mtcvi 
glands  were  found  by  TrOltsch  and  Wendl  in  the  mucous  membrane.  [The  qjithelinni  cc«n( 
the  ossicles  and  tensor  tympani  is  not  ciliated.] 
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Pathological. — The  tube  is  often  occluded,  owing  to  chronic  catarrh  and  narrowing  from 
cicatrices,  hypertrophy  of  the  mucous  membrane,  or  the  presence  of  tumors.  The  deafness 
thereby  produced  may  often  be  cured  by  catheteriting  the  tube  from  the  nose  (fig.  724).  Efiiisions 
into  or  suppuration  within  the  tympanum  of  course  paralyze  the  sound -conducting  meclianism, 
while  inflammation  often  causes  subsequent  affections  of  the  plexus  tympanicus.  If  the  temporal 
bone  be  destroyed  by  progressive  caries  within  the  tympanum,  inflammation  of  the  neighboring 
cerebral  structures  may  occur  and  cause  death. 

[Methods. — Not  unfrequently  the  aurist  is  called  upon  to  dilate  the  Eustachian  tube,  which 
in  certain  cases  requires  the  use  of  a  Eustachian  catheter  introduced  into  the  tube  along  the 
floor  of  the  nose  (fig.  724).  At  other  times  he  requires  to  fill  the  tympanic  cavity  with  air, 
which  is  easily  done  by  means  of  a  Politzer's  bag  or  inflating  bellows  (fig.  723).  The  nozzle  is 
introduced  into  one  nostril,  while  the  other  nostril  is  closed,  and  the  patient  is  directed  to  swallow, 
while  at  the  same  moment  the  surgeon  compresses  the  bag,  and  the  patient's  mouth  being  closed, 
air  is  forced  through  the  open  Eustachian  tube  into  the  middle  ear.] 

r Politzer's  ear-manometer  (fig.  725)  consists  of  a  U-shaped  small  glass  tube  fixed  in  an 
in^- rubber  cork,  so  that  the  latter  can  be  hermetically  fixed  in  the  meatus.  A  drop  of  colored 
fluid  is  placed  in  the  tube.  During  the  first  part  of  the  act  of  swal- 
lowing— the  nostrils  and  mouth  being  closed — the  fluid  rises  slightly, 
but  in  the  second  part  of  the  act  it  falls  decidedly,  owing  to  the  rare- 
faction of  the  air  in  the  t3rmpanum.] 


Fig.  725. 

Politzer^s  ear-mano- 
meter. 

This  is  only  pos- 


412.  CONDUCTION  OF  SOUND  IN  THE 
r^ABYRINTH.— The  vibrations  of  the  foot  of  the 
stapes  in  the  fenestra  ovalis  give  rise  to  waves  in  the 
perilymph  within  the  inner  ear  or  labyrinth.  These 
waves  are  so-called  ^^ flexion-waves ^^^  i,  e.,  the  perilymph 
moves  in  mass  before  the  impulse  of  the  base  of  the  stapes, 
sible  from  the  existence  of  a  yielding  membrane — that  filling  the  fenestra 
rotunda,  and  sometimes  called  the  membrana  secundaria  which  during  rest 
bulges  inwards  to  thescala  tympani,  and  can  be  bulged  outwards  towards  the  tym- 
panic cavity  by  the  impulse  communicated  to  it  by  the  movement  of  "the  peri- 
lymph (fig.  711,  r).  The  flexion  waves  must  correspond  in  number  and 
intensity  to  the  vibrations  of  the  auditory  ossicles,  and  must  also  excite  the 
free  terminations  of  the  auditory  nerve,  which  float  free  in 
the  endolymph. 

As  the  endolymph  of  the  saccule  and  utricle  lying  in  the 
vestibule  receives  the  first  impulse,  and  as  these  communi- 
cate anteriorly  with  the  cochlea,  and  posteriorly  with  the 
semicircular  canals,  consequently  the  motion  of  the  peri- 
l3rmph  must  be  propagated  through  these  canals.  To  reach 
ttie  cochlea,  the  movement  passes  from  the  saccule  (lying 
in  the  fovea  hemispherica)  along  the  scala  vestibuli  to  the 
helicotrema,  where  it  passes  into  the  scala  tympani,  where 
it  reaches  the  membrane  of  the  fenestra  rotunda,  and 
causes  it  to  bulge  outwards.  From  the  utricle  (lying  in 
the  fovea  hemielliptica),  in  a  similar  manner  the  movement 
is  propagated  through  the  semicircular  canals,  Politzer 
observed  that  the  endolymph  in  the  superior  semicircular 
canal  rose  when  he  caused  contraction  of  the  tensor 
tympani  by  stimulating  the  trigeminus,  just  as  the  base  of 
the  stapes  must  be  forced  against  the  perilymph  with  every  vibration  of  the 
membrana  tympani. 

[Practical. — It  is  well  to  view  the  organ  of  hearing  as  consisting  of  two 
mechanisms: — 

1.  The  sound-conducting  apparatus. 

2.  The  sound- perceiving  apparatus. 

The  former  includes  the  outer  ear,  with  its  auricle  and  external  meatus ;  the 
middle  ear  and  the  parts  which  bound  it,  or  open  into  it.     The  latter  consists 


Fig.  726. 

External  appearance 
of  the  osseous  laby- 
rinth, fenestra  ova* 
lis,  cochlea  to  the 
left,  and  (/)  the 
upper,  (h)  horizon- 
tal, and(j)  posterior 
semicircular  canal 
(left). 
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of  the  inner  ear  with  the  expansion  of  the  auditory  aerve  in  the  labyrinth,  the 
nerve  itself,  and  the  sound -perceiving  and  interpreting  centre  or  centres  in  the 
brain  (§  376,  2).] 

[Testing  the  Sound-conduction. — In  any  case  of  deafness  it  is  essential 
to  estimate  the  degree  of  deafness  by-jthe  methods  stated  at  §  406,  and  it  is 
well  to  do  so  both  for  such  sounds  as  those  of  a  watch  and  conversation.     We 
have  next  to  determine  whether  the  souttd-csnducting  or  the  saurtd perceiving 
apparatus  is  affected.     If  a  person  is  deaf  to  sounds  transmitted  through  the 
air,  on  applying  a  sounding  tuning-fork  (fig.  717),  to  the  middle  line  of  the 
head  or  teeth,  if  it  be  heard  distinctly,  Chen  the  sound -perceiving  apparatus  is 
intact,  and  we  have  to  look  for  the  cause  of  deafness  in  the  outer  or  middle 
ear.     In  a  healthy  person,  the  sound  of  the  tuning-fork  is    heard  of  eqial 
intensity  in  both  ears.     In  this  case  the  sound  is  conducted  directly  to  the 
labyrinth  by  the  cranial  bones.     In  cases  of  disease  of  the  sound-conducting 
mechanism,  the  sound  of  the  tuning-fork  is  heard'loudest  in  the 
deafer  SAT.     Ed.  Weber  pointed  out  that,  if  one  ear  be  stopped 
and  a  vibrating  tuning-fork  placed  on  the  head,  the  sound  b  re- 
ferred to  the  plugged  ear,  where  it  is  heard  loudest.     It  is  assumed 
chat  when  the  ear  is  plugged,  the  sound-waves  transmitted  by  the 
cranial  bones  are  prevented  from  escaping  (^Maeh),     If,  on  the 
contrary,  Che  sound  be  heard  loudest  in  the  good  ear,  then  in  all 
probability  there  is  some  affection  of  the  sound -perceiving  appa- 
ratus or  labyrinth,  although  there  are  exceptions  to  this  statement, 
especially  in    elderly  people.     Another   plan    is  to  connect    two 
telephones  with  an  induction  machine,  provided  with  a  vibrating 
Neef  s  hammer.     The  sounds  of  the  vibrations  of  the  latter  aie 
reproduced   in  the  telephones,  and  if  they  be  placed  to  the  eats, 
then  the  healthy  ears  hear  only  ofie  sound,  which  is  referred  to  the 
middle  line,  and  usually  to  the  back  of  Che  head.     In  diseased 
conditions  this  is  altered — it  is  referred  to  one  side  or  the  other.] 
413.   LABYRINTH   AND   AUDITORY   NERVE.— 
Scheme. — The  vestibule  (fig.  7*8,  III)  contains  two  sepante 
sacs;  one  of  them,  the  saccule,  s  (round  sac  or  S.  hemisphxri- 
cus),  communicates  with   the   ductus   cochlearis,   Ce  of  the 
cochlea ;  the  other,  the  utricle,  U   (elliptical    sac,  or   saccnlni 
hethiellipticus),  communicates  with  the  semicircular  canals,  Cs,  O- 
The  cochlea  consists  of  2%  turns  of  a  tube  disposed  ronnd  a 
central  column  or  modiolus.     The  tube  is  divided  into  two  com- 
partments by  a  horizontal  septum,  partly  osseous  and  partly  ment- 
branous,  the  lamina  spiralis  ossea  and  membranacea  (fig- 
732,  fig.  738,  I).     The  lower  compartment  is  the  scala  tym- 
Fig.  717.       pani  and   is  separated  from  the  cavity  of  the  tympanum  by  the 
Aural         membrane  of  the  fenestra  rotunda, 
toning-fark.         The  upper  compartment  is  the  scala  vestibuli,  which  com- 
municates with  the  vestibule  of  the  labyrinth  (fig.  728,  I),    These 
two  compartments  communicate  directly  by  a  small  opening  at  the  apex  of  the 
cochlea,  a  sickle-shaped  edge  ["  hamulus"]  of  the  lamina  spiralis  bounding 
the  hclicotrema  (fig,  711).     The  scala  vestibuli  is  divided  by  Retssner's 
membrane  (fig.  728, 1),  which  arises  near  the  outer  part  of  the  lamina  spiralis 
ossea,  and  runs  obliquely  outwards  to  Che  wall  of  the  cochlea  so  as  to  cut  oS  a 
small  triangular  canal,  the  ductus  or  canalis  cochlearis,  or  scala  media, 
Ce,  whose  floor  is  formed  for  the  most  part  by  the  lamina  spiralis  mcmbranacta, 
and  on  which  the  end-organ  of  the  auditory  nerve — Corti's  organ — is  placed- 
The  lower  end  of  the  canalis  cochlearis  is  blind,  III,  and  divided  towards  the 
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saccule,  with  which  it  communicates  by  means  of  the  small  canalis  reuniens, 
Cr  i^Hensen).  The  utricle  (fig.  7*8,  III,  U)  communicates  with  the  three 
semicircuUr  can^s  Cr,  Cs — each  by  means  of  an  ampulla,  within  which  lie 


Fig.  7a8. 
I,  tnuiSTene  wctioD  of  ■  tarn  of  lb«  cochlea ;  II,  A,  ampulla  of  a  Mmicirculu'  canal  with  the 
crista  acnstica;    "i  pt  auditor}'  celli;  f,   proTidcd   with   ■   fiiie   hair;  T,   otoliths-,  III, 
(cheme  of  the  human  labfrinlh ;  IV,  scheme  of  >  bird's  labyrinth  ;  V,  scheiDC  of  a  fish's 
labjriDth. 

the  terminations  of  the  ampullar/  nerves,  but  as  the  posterior  and  the  superior 
canals  unite,  there  is  only  one  common  ampulla  for  them.     The  membranous 


F^  739.  Fig.  730. 

Ilie  interior  of  the  right  labyrinth  with  its  membranous  canals  and  nerves.  Iti  fig.  729  lh« 
outer  wall  of  the  bo uy  labyrinth  is  remored  to  show  the  membranous  parts  within — I, 
commeacement  of  the  spiral  lobe  of  the  cochlea;  z,  posterior  semicircular  canal,  partly 
opened;  3,  horizontal;  4,  superior  canal;  5,  utricle ;  6.  saccule;  7,  lamina  spiralis,  7', 
tcala  tympani ;  S,  ampulla  of  the  superior  membranous  canal ;  9,  of  the  horizontal ;  10,  of 
lh«  potteiior  canal.  Fig.  730  shows  (be  membranous  labyrinth  and  nerves  detached— .1, 
facial  nerve  In  the  internal  aaditory  meuus ;  z,  anterior  division  of  the  auditory  Qerve 
{riving  branches  to  5,  8,  and  9.  the  utricle  and  the  ampulla:  of  the  superior  and  horizontal 
canals;  3,  posterior  dtvision  of  the  auditory  nerve,  giving  branches  to  the  saccule,  6,  and 
posterior  ampulla,  to,  and  cochlea,  4  ;  7,  united  part  of  the  posterior  and  superior  canals; 
1 1,  posterior  exlreniity  of  the  horizonlal  canal. 

semicircular  canals  lie  within  the  osseous  canals,  perilymph  lying  between  the 
two.     Perilymph  also  fills  the  scala  vestibuli  and  s.  tympani,  so  that  all  the 
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spaces  within  the  labyrinth  are  filled  by  fluid,  while  the  spaces  themselves  are 
lined  by  short  cylindrical  epithelium. 

The  system  of  spaces,  filled  by  endolymph,  is  the  only  part  containing  the 
nervous  end-organs  for  hearing.  All  these  spaces  connmunicatc  with  each 
other;  the  semicircular  canals  directly  with  the  utricle,  the  ductus  cochlcarb 
with  the  saccule  through  the  canalis  reuniens;  and  lastly,  the  saccule  and 
utricle  through  the  "saccus  endolymphaticus,"  which  springs  by  an 
isolated  limb  from  each  sac ;  the  limbs  then  unite  as  in  the  letter  Y,  and  pas 
through  the  osseous  aqueductus  vestibuli  to  end  blindly  in  the  dura  mater  of 
the  brain  (fig.  738,  III,  K).  The  aqueductus  cochlea  is  another  narrow  pasige, 
which  begins  in  the  scala  tympani,  immediately  in  front  of  the  fenestra  rotunda, 
and  opens  close  to  the  fossa  jugularis.  It  forms  a  direct  means  of  communica- 
tion between  the  perilymph  of  the  cochlea  and  the  suttarachnoid  spacc- 

Semicircular  Canals  and  Vestibular  Sacs. — The  membraDous  semi- 
circular canals  do  not  fill  the  corresponding  osseous  canab  completely,  but  are 
separated  from  them  by  a  pretty  wide  space,  which  is  filled  with  perilymph 
(fig.  729).  At  the  concave  margin  they  are  fixed  by  connective -tissue  to  the 
osseous  walls.  The  amputls,  however,  completely  fill  the  corresponding  osse- 
ous dilatations.  The  canals  and  ampullje  consist  externally  of  an  outer,  va%u- 
lar,  connective -tissue  layer,  on  which  there  rests  a  well-marked  hyaline  layer, 
bearing  a  single  layer  of  flattened  epithelium. 

Crista  Acustica. — The  vestibular  branch  of  the  auditory  nerve  sends  a 
branch  to  each  ampulla  and  to  the  saccule  and  utricle  (fig.  730).  In  the 
ampullae  (fig.  728,  II,  A)  the  nerve  (c)  terminates  in  connection  with  the 
crista  acustica,  which  is  a  yellow  elevation  pro- 
jecting into  the  equator  of  the  ampulla.  The  medul- 
lated  nerve-fibres, «,  form  a  plexus  in  the  connective- 
tissue  layer,  lose  their  myelin  as  they  pass  to  the 
hyaline  basement  membrane,  and  each  ends  in  a  cell 
provided  with  a  rigid  hair  (0,/),  90  /i  in  length,  so 
that  the  crista  is  largely  covered  with  these  hair- 
cells,  but  between  them  are  supporting  cells  like 
cylindrical  epithelium  (a),  and  not  unfrequently  con- 
'  taining  granules  of  yellow  pigment.  The  haii^  or 
"  auditory  hairs  "  {M.  SchuUse)  ajc  connposed  of 
many  fine  fibres  {Rettius).  An  excessively  fine  meto- 
brane  (membrana  tectoria)  covers  the  hairs 
{Pritchard,  Lang). 

Maculsc  Acusticse. — The  nerve- terminations  in 

the  macuUe  acusticse  of  the  saccule  and  utricle  ait 

exactly  the  same  as  in   the  ampullae,  only  the  free 

surface  of  their  membrana  tectoria  is  sprinkled  with 

small,  white,  chalk-like  crystals  or  Otoliths  (fig.  718, 

F'fi-  73'-  ^^'  ^^>  composed  of  calcic  carbonate,  which  are 

Veriical  section  of  the  macula  sometimes  amorphous  and  partly   in   the   form  d 

Rcustica  of  rabbit.  arragonite,   lying   fixed  in  the  viscid   endolympli- 

The  non-medu Hated  axis-cylinders  of  the  saccular 

nerves  enter  direcdy  into  the  substance  of  the  hair-cells.     The  terminations  of 

the  nerves  have  been  investigated,  chiefly  in  fishes,  in' the  rays. 

[Fig.  731  is  a  vertical  section  of  a  macula  acustica  of  the  rabbit.  TIx 
medullated  nerves  («)  lose  their  myelin  at  the  external  limiting  membrane, 
become  non-medu  Hated,  pierce  this  membrane,  and  form  a  basal  plexus  (/*) 
between  (/)  the  epithelial  cells,  and  finally  terminate  in  the  sensory  dliaial 
celb  (/).     The  epithelium  itself  consists  of  basal  celb  {cV),  fiisiform  or  sop- 
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porting  cells  (/),  and  the  ciliated  n euro-epithelium  C^),  each  cell  being  pro- 
vided with  a  cilium,  which  perforates  the  external  limiting  membrane  (a). 
There  is  thus  a  remarkable  likeness  to  (he  olfactory  epithelium.] 

Cochlea. — The  terminations  of  the  cochlear  branch  of  the  Auditory  nerve 
lie  in  connection  with  Corti's  organ,  which  is  placed  in  the  canalis  or  ductus 
cochlearis  (fig.  728,  I,  Cc,  and  HI,  CV,  and  fig.  732).  the  small  triangular 
chamber  [or  scala  media],  cut  off  from  the  Scala  vestibuli  by  the  membrane  of 
Reissner.  Corti's  organ  is  placed  on  the  lamina  spiralis  membranacea,  and 
consists  of  a  supporting  apparatus  composed  of  the  so-called  Corti's  arches, 
each  of  which  consist  of  two  Corti's  rods  {ty),  which  lie  upon  each  other 
like  the  beams  of  a  house.  But  every  two  rods  do  not  form  an  arch,  as  there 
are  always  three  inner  to  two  outer  rods  {Claudius).  There  are  about  4500 
outer  rods  ( Waldeyer). 

The  ductus  cochlearis  becomes  larger  towards  the  apex  of  the  cochlea,  and 
the  rods  also  become  longer ;  the  inner  ones  are  30  /i  long  in  the  first  turn. 


Fig.  73*- 
Scbeme  of  the  ductus  cochlearis  and  the  organ  of  Corti.     N,  cochlear  nerve;  K,  inner,  and  P, 
outer  hair  celii;    b,  nerve-fibrils  terminating  in  P;    a,  a,  supporting  cells;    d,  cells  in  the 
Eulcns  SfHTslis  1  I,  inner  rod  of  Coni  \  Mb.  Cotti,  membrane  of  Corti,  or  the  metnbrana  tec- 
loria;  e,  the  membrana  reticularis;  M,  G,  cells  filling  up  the  space  near  the  outer  wall. 

and  34  It  in  the  upper,  the  outer  rods  47  p.  and  69  it.  respectively.  The  span 
of  the  arches  also  increases  {Hemen).  [The  arches  leave  a  triangular  tunnel 
beneath  them.]  The  proper  end-organs  of  the  cochlear  nerve  are  the  cylindri- 
cal "hair-cells"  {KoUiker')  previously  observed  by  Corti,  which  are  from 
16,400  to  30,000  in  number  {Hensen,  Waldeyer).  There  is  one  row  of  inner 
cells  (1),  which  rests  on  a  layer  of  small  granular  cells  (K)  {Botteker,  IVal- 
deyer)  \  the  outer  cells  fa,  a)  number  13,000  in  man  {Setzius),  and  rest  upon 
the  basement  membrane,  being  disposed  in  three  or  even  four  rows.  Between 
the  outer  hair-cells  there  are  other  cellular  structures,  which  are  either  regarded 
as  5p>ecial  cells  (Deiter's  cells),  or  are  regarded  merely  as  processes  of  the 
hair-cetls  {Lavdowsky).  [The  cochlear  branch  of  the  auditory  nerve  enters 
the  modiolus,  and  runs  upwards  in  the  osseous  channels  there  provided  for  it. 
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and  as  it  does  so  gives  branches  to  the  lamina  spiralis,  where  they  run  between 
the  osseous  plates  which  form  the  lamina.]  The  fibres  (N)  come  out  of  the 
lamina  spiralis  after  traversing  the  ganglionic  cells  in  their  course  (figs.  728, 
732,  I,  G),  and  end  by  fine  varicose  fibrils  in  the  hair-cells  (fig.  732)  (W^</- 
deyeTy  Gottsteitiy  Lavdawsky^  Retzius). 

Membrana  Reticularis. — Corti's  rods  and  the  hair-cells  are  covered  by  a 
special  membrane  {0),  the  membrana  reticularis  of  Kolliker.  The  upper 
ends  of  the  hair-cells,  however,  project  through  holes  in  this  membrane,  wliich 
consists  of  a  kind  of  a  cement-substance  holding  these  parts  together  {Ijadew- 
sky),  [Springing  from  the  outer  end  of  the  lamina  spiralis,  or  crista  spiralis,  is 
the  membrana  tectoria,  sometimes  called  the  membrane  of  Corti.  It  is  a 
well-defined  structure,  often  fibrillated  in  appearance,  and  extends  outwards 
over  the  organ  of  Corti.]  Waldeyer  regards  it  as  a  damping  apparatus  for 
this  organ  (fig.  732,  Mb.  Corti). 

[Basilar  Membrane. — Its  breadth  increases  from  the  base  to  the  apex  of 
the  cochlea.  This  fact  is  important  in  connection  with  the  theory  of  the  per- 
ception of  tone.  It  is  supposed  that  high  notes  are  appreciated  by  structures 
in  connection  with  the  former,  and  low  notes  by  the  upper  parts  of  the  basilar 
membrane.  In  one  case,  recorded  by  Moos  and  Steinbrugge,  a  patient  heard 
low  notes  only  in  the  right  ear,  and  after  death  it  was  found  that  the  auditory 
nerve  in  the  first  turn  of  the  cochlea  was  atrophied.] 

Intra -Labyrinthine  Pressure. — The  lymph  within  the  labyrinth  is  under  a  ceitiin  pcesssre, 
every  diminution  of  the  pressure  of  the  air  in  the  tympanum  is  accompanied  by  a  correspoodii^ 
diminution  of  the  intra-lab3rrinthine  pressure,  while  conversely  every  increase  of  prosoic  is 
accompanied  by  an  increase  of  the  lymph-pressure  (F,  Bezold), 

The  perilymph  of  the  inner  ear  flows  away  chiefly  through  the  aqueductos 
cochleae,  in  the  circumference  of  the  foramen  jugulare,  into  the  peripheral 
lymphatic  system,  which  also  takes  up  the  cerebro-spinal  fluid  of  the  subaradi- 
noid  space,  while  a  small  part  drains  away  to  the  sub-dural  space  through  the 
internal  auditory  meatus.  The  endolymph  flows  through  the  arachnoid  sheath 
of  the  N.  acusticus  into  the  subarachnoid  space  (  6*.  Hdsse). 

[Composition  of  Ear  Fluids. — Perilymph  and  endol3rmph  are  alkaline,  and  conttiD 
salts  in  about  the  same  proportion  as  transudations.  Perilymph  contains  2. 1  per  cent,  of  solids, 
containing  a  trace  of  albumin,  and  more  mucin  and  common  salt.  The  endcdymph  is  kss 
viscid,  and  contains  1 .5  per  cent,  of  solids,  and  less  mucin.  Otoliths  consist  of  74.5-79  P^^ 
cent,  of  inorganic  matter,  chiefly  calcium  carbonate.  The  organic  matter  is  said  to  reseai^ 
mucin.] 

414.  AUDITORY  PERCEPTIONS.— Every  normal  ear  is  able  to  dis^ 
tinguish  musical  tones  and  noises.  Physical  experiments  prove  that  tones 
are  produced  when  a  vibrating  elastic  body  executes  periodic  movements,  /.  ^., 
when  the  sounding  body  executes  the  same  movement  in  equal  intervabof 
time,  as  the  vibrations  of  a  string  which  has  been  plucked.  A  noise  is  pro- 
duced by  non-periodic  movements,  /'.  ^.,  when  the  sounding  body  execute 
unequal  movements  in  equal  intervals  of  time.  pTie  non-[>eriodic  movements 
clash  together  on  the  ear,  and  produce  dissonance,  as  when  we  strike  the  key- 
board of  a  piano  at  random.]  This  is  readily  proved  by  means  of  the  siren. 
Suppose  that  there  are  forty  holes  in  the  rotatory  disc  of  this  instrument,  pbced 
at  exactly  the  same  distance  from  each  other — on  rotating  the  disc  and  direct- 
ing a  current  of  air  against  it,  obviously  with  every  rotation  the  air  will  bf 
rarefied  and  condensed  exactly  forty  times.  Every  two  condensatioDs  awi 
rarefactions  are  separated  from  each  other  by  an  equal  interval  of  time.  This 
arrangement  yields  a  characteristic  musical  tone  or  note.  If  a  similar  disc  with 
holes  perforated  in  it  at  unequal  distances  be  used,  on  air  being  forced  against 
it,  a  whirring  non-musical  noise  is  produced,  because  the  movements  of  the 
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sounding  body  (the  condensations  and  rarefactions  of  the  air)  are  non-periodic, 
[The  double  siren  of  v.  Helmholtz  is  an  improved  instrument  for  showing  the 
same  facts.] 

The  normal  ear  also  distinguishes  in  every  tone  three  distinct  fac- 
tors : — 

[(1)  Intensity  or  force ; 

(2)  Pitch; 

(3)  Quality,  timbre  ox  *'k/ang."'\ 

I.  The  intensity  of  a  tone  depends  upon  the  greater  or  lesser  amplitude 
of  the  vibrations  of  the  sounding  body.  It  is  well  known  that  a  vibrating 
string  emits  a  feebler  sound  when  its  excursions  are  smaller.  (The  intensity  of  a 
sound  corresponds  to  the  degree  of  illumination  or  brightness  in  the  case  of  the 
eye.) 

a.  The  pitch  depends  upon  the  number  of  vibrations  which  occur  in  a 
given  time  [or  the  length  of  time  occupied  by  a  single  vibration].  This  is 
proved  by  means  of  the  siren.  If  the  rotating  disc  have  a  series  of  forty  holes 
at  equal  intervals,  and  another  series  of  eighty  equidistant  from  each  other,  on 
blowing  a  stream  of  air  against  the  rotating  disc  we  hear  two  sounds  of  unequal 
pitch,  one  being  the  octave  of  the  other.  (The  perception  of  pitch  corresponds 
to  the  sensation  of  color  in  the  case  of  the  eye.) 

3.  The  quality  or  timbre  ("  Klangfarbe*  )  is  peculiar  to  different  sonorous 
bodies.  [It  is  the  peculiarity  of  a  musical  tone  by  which  we  are  enabled  to 
distinguish  it  as  coming  from  a  particular  instrument,  or  from  the  human  voice. 
Thus,  the  same  note  struck  on  a  piano  and  sounded  on  a  violin  differs  in  quality 
or  timbre.']  It  depends  upon  xYit  peculiar  form  of  the  vibration^  or  the  form  of 
the  wave  of  the  sonorous  body.  (There  is  no  analogous  sensation  in  the  case  of 
light.) 

I.  Perception  of  Pitch. — By  means  of  the  organ  of  hearing,  we  can  determine  that  different 
tones  have  a  different  pitch.  In  the  so-called  musical  scale,  or  gamut,  this  difference  is  very 
marked  to  a  normal  ear.  But  in  the  scale  there  are  again  four  tones,  which,  when  they  are 
sounded  togetho",  cause  in  a  normal  ear  the  sensation  of  an  agreeable  sound,  which  once  heard 
can  readily  be  reproduced.  This  is  the  tone  of  the  so-called  accord,  Triad,  or  Common  Chord, 
consisting  of  the  ist,  3d  and  5th  tones  of  the  scale,  to  which  the  eighth  tone  or  octave  is  added. 
We  have  next  to  determine  the  pitch  of  the  tones  of  the  chord,  and  then  that  of  the  other 
tones  of  the  scale.  The  siren  is  used  for  the  fundamental  experiment,  from  which  the  others 
can  easily  be  calculated.  Four  concentric  circles  are  drawn  upon  the  rotatory  disc  of  the 
siren  ;  the  inner  circle  contains  40  holes,  the  second  50,  the  third  60,  and  the  outer  80— all  the 
holes  being  at  equal  distances  from  each  other.  If  the  disc  be  rotated,  and  air  forced  against 
each  series  of  holes  in  tunty  we  distinguish  successively  the  four  tones  of  the  accord  (major 
chord  with  its  octave)  ;  when  all  the  four  series  are  blown. upon  simultaneously ^  we  hear  in  com- 
plete purity  the  major  chord  itself.  The  relative  number  of  the  Mes  in  the  four  series  indicates 
in  the  simplest  manner  the  relative  pitch  of  the  tones  of  the  major  chord.  While  one  revolution 
of  the  disc  is  necessary  to  produce  the  fundamental  ground-tone  (key-note  or  tonic)  with  40 
condensations  and  rarefactions  of  the  air — ^in  order  to  produce  the  octave,  we  must  have 
double  the  number  of  condensations  and  rarefactions  during  one  revolution  in  the  same  time. 
Tlius,  the  relation  of  the  number  of  vibrations  of  the  Ground-tone  or  Tonic  to  the  Octave  next 
above  it,  is  I  :  2.  In  the  second  series  we  have  50  holes,  which  causes  the  pitch  of  the  third  ; 
hence,  the  relation  of  the  Ground-tone  to  the  Third  in  this  case  b  40  :  50,  or  i  :  IJ^  =  ^,  t.  ^., 
lor  every  vibration  of  the  Ground-tone  there  are  4  vibrations  in  the  Third.  In  the  third  series  are 
60  holes,  which,  when  blown  upon,  yield  the  fifth ;  hence,  the  ratio  of  the  Ground-tone  to  the 
Fifth  in  our  disc  is  40  :  60,  or  I  :  i^  =  }.  In  the  same  way  we  can  estimate  the  pitch  of  the 
fourth  tone,  and  we  find  that  the  number  of  vibrations  of  the  First,  Third,  Fifth,  and  Octave  are 
to  each  other  as  i  :  4  :  f  :  2. 

The  minor  chord  is  quite  as  characteristic  to  a  normal  ear  as  the  major.  It  is  distinguished 
essentially  from  the  latter  by  its  Third  being  half  a  tone  lower.  We  can  easily  imitate  it  by 
the  siren,  as  the  Minor  7)iiV</ consists  of  a  number  of  vibrations  which  stand  to  the  Ground-tone 
as  6  :  5,  f.  ^.,  if  5  vibrations  occur  in  a  given  time  in  the  Ground-tone,  then  6  occur  in  the  Minor 
n^ird ;  its  vibration  number,  therefore,  is  \. 

From  these  relations  of  the  Major  and  Minor  common  chords,  we  may  calculate  the  relative 

6s 
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tones  ID  the  scale,  and  we  must  remember  that  the  Octave  of  a  tone  a]wa3rs  yields  the  fvSttSL 
and  most  complete  harmony.  It  is  evident  that  as  the  Major  Third,  and  Minor  Third,  and  the 
Fifth  harmonize  with  the  fundamental  Ground-tone  or  key-note,  they  must  also  harmonize  vsh 
the  Octave  of  the  key-note.  We  obtain  from  the  Major  Third  with  the  number  of  vibfatioos 
|,  the  Minor  Sixth  J,  from  the  Minor  Third  with  |,  the  Major  Sixth  =  (^  =  )  f  ;  from  the  Fiih 
with  },  the  Fourth  =  }.  These  relations  are  known  as  the  *'  Inversions  of  the  tnterrals."  These 
relations  of  the  tones  are,  collectively,  the  consonant  intervals  of  the  scale.  The  dissooaot 
stages,  or  discords,  of  the  scale  can  be  obtained  as  follows :  Suppose  that  we  have  the  Ground- 
tone  or  key-note  C,  with  the  number  of  vibrations  =  I,  the  Third  E  =  },  the  Fifth  G  =  f ,  aad 
the  Octave  =  2,  we  then  derive  from  the  Fifth  or  Dominant  G  a  Major  chord — this  is  G,  B,  D  . 
The  relative  number  of  vibrations  of  these  3  tones  is  the  same  as  in  the  Major  chord  of  O ,  C,  £, 
G.  Hence,  the  number  of  vibrations  of  G  :  B  is  as  C  :  E.  When  we  substitute  the  values  we 
obtain  f  :  B  =  i  :  J— j.  ^.,  B  =  y.  But  D"  :  B  =  G  :  E;  so  that  D  :  y  =  J  :  |,  1.  /.,  D'  == 
y,  or  an  octave  lower,  we  have  D  =  {.  Deduce  from  F  (subdominant)  a  Major  chord,  F,  A, 
C'.  The  relation  of  A  :  C"  =  E  :  G,or  A  :  2  =  {  :  f,».  ^.,  A  ==  f.  Lastly,  F  :  A  =  C:E,« 
F  :  f  s=  I  :  |, ».  ^.,  F  =s  |.  So  that  aU  the  tones  of  the  scale  have  the  foUowing  number  of 
vibrations:  I,  C  =  i ;  II,  D  =  f ;  111,  E  =  i;  IV,  F  =  4;  V,  G=  I;  VI,  A  =  5; 
VII,  B  =  y ;  VIII,  C'  =  2. 

Conventional  Estimate  of  Pitch. — Conventionally,  the  pitch  or  concert-pitch  of  the  note 
a,  is  taken  at  440  vibrations  in  the  second  {Scheidler^  iS34)>  although  in  France  it  is  taken  az 
435  vibrations  per  second.  From  this  we  can  estimate  the  absolute  number  of  vibratioiis  for  the 
tones  of  the  scale :  C  =  33,  D  =  37.125,  E  =  41.25,  F  =  44,  G  =  49.5,  A  =  55,  B  =61^75 
vibrations.  The  number  of  vibrations  of  the  next  highest  octave  is  found  at  once  hj  multiplyii^ 
these  numbers  by  2. 

Musical  Notes. — The  lowest  notes  used  in  music  are  the  double-bass,  E,  with  41.25  vibra- 
tions,  pianoforte  C  with  33,  grand  piano  Al  with  27.5,  and  oi^an  C>  with  16.5.  The  faigbcst 
notes  in  music  are  the  pianoforte  c^  with  4224,  and  d^on  the  piccolo-flute,  with  4752  vibndoos 
per  second. 

Limits  of  Auditory  Perception. — According  to  Preyer,  the  limit  of 
the  perception  of  the  lowest  audible  tone  lies  between  i6  and  23  vibrations  per 
second,  and  e^"*  with  40,960  vibrations  as  the  highest  audible  tone ;  so  that  this 
embraces  about  \i\  octaves. 

[Audibility  of  Shrill  Notes. — This  varies  very  greatly  in  difierent  persons  ( Woilasi^^^ 
There  is  a  remarkable  falling  off  of  the  power  as  age  advances  ( GalUm).  For  testing  this  Gahoa 
uses  a  small  whistle  made  of  a  brass  tube,  with  a  diameter  of  less  than  ^>^  of  ao 
inch  (6g.  733).  A  plug  is  fitted  at  the  lower  end  to  lengthen  or  shorten  the  tofce, 
whereby  the  pitch  of  the  note  b  altered.  Amongst  animals  Galton  finds  nooe 
superior  to  cats  in  the  power  of  hearing  shrill  sounds,  and  he  attributes  this  "  to 
dinerentiation  by  natural  selection  amongst  these  animals  until  they  have  the  pover 
of  hearing  all  the  high  notes  made  by  mice  and  other  little  creatures  they  have  10 
catch."] 

Variations  in  Auditory  Perception. — It  is  rare  to  find  that  tones  produced  by 
more  than  35,000  vibrations  per  second  are  heard.  When  the  tensor  tynmani  b 
contracted,  the  perception  may  be  increased  for  tones  3000  to  5000  vibratioDs  faigber. 
but  rarely  more.  Pathologically,  the  perception  for  high  notes  may  be  aboon^ly 
acute — (i)  When  the  tension  of  the  sound-conducting  apparatus  geoeraUy  b  ia- 
creased.  (2)  By  elimination  of  the  sound-conducting  apparatus  of  the  middle  ev. 
which  offers  greater  or  less  resistance  to  the  propagation  of  very  high  notes,  as  per- 
Fig.  733.  foration  of  the  membrana  tympani,  or  loss  of  the  incus  and  malleus.  In  these  casc^ 
Galton*s  ^^  stapes  is  directly  set  in  vibration  by  the  sound-waves,  when  tones  up .  to  80,000 
Whistle,    vibrations  have  been  perceived.     Diminished  tension  of  the  sound-coodnctiDg  wp^ 

ratus  causes  diminution  of  the  perception  for  high  tones  {^Blaki). 
A  smaller  number  of  vibrations  than  16  per  second  (as  in  the  organ)  are  no  longer  heard  a»  t 
tone,  but  as  single  dull  impulses.  The  tones  that  are  produced  b^ond  the  highest  andit>ie  nqfee. 
as  by  stroking  small  tuning-forks  with  a  violin  bow,  are  also  no  longer  heard  as  tones,  bet 
they  cause  a  painful  cutting  kind  of  impression  in  the  ear.  In  the  musical  scale  the  range  s&. 
approximately,  from  C  of  the  first  octave  with  16.5  vibrations  to  £,  the  eighth  octave. 

Comparison  of  Ear  and  Eye.  —In  comparing  the  perception  of  the  eye  with  that  of  the  car, 
we  see  at  once  that  the  range  of  accommodation  of  the  ear  is  much  greater.  Red  has  456 
billions  of  vibrations  per  second,  while  the  visible  violet  has  but  667,  so  tnat  the  eye  only  tak& 
cognizance  of  vibrations  which  do  not  form  even  one  octave. 

Lowest  Audible  Tone. — As  to  the  smallest  number  of  successive  vibri- 
tions  which  the  ear  can  perceive  as  a  sensation  of  tone,  Savart  and  P^umdier 
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considered  that  two  would  suffice.  If,  however,  we  exclude  in  our  experiments 
the  possibility  of  the  occurrence  of  overtones,  4  to  8  iJdacK)  or  even  16  to  20 
vibrations  (/l  Auerbach,  KohlratiscK)  are  necessary  to  produce  a  characteristic 
tone. 

When  tones  succeed  each  other  rapidly,  they  are  still  perceived  as  distinct, 
when  at  least  o.  i  second  intervenes  between  two  successive  tones  {v.  Helm* 
holtz) ;  if  they  follow  each  other  more  rapidly,  they  fuse  with  each  other, 
although  a  short-time  interval  is  sufficient  for  many  musical  tones. 

By  the  term,  ^^ fineness  of  the  ear,^*  or  as  we  say,  a  "good  ear,"  is  meant 
the  capacity  of  distinguishing  from  each  other,  as  difierent,  two  tones  of  nearly 
the  same  number  of  vibrations.  This  power  can  be  greatly  increased  by  prac- 
tice, so^that  musicians  can  distinguish  tones  that  differ  in  pitch  by  only  ^^,  or 
even  y^'^  of  their  vibrations. 

With  regard  to  the  time-sense,  it  is  found  that  beats  are  more  precisely 
perceived  by  the  ear  than  by  the  other  sense  organs  {Hdring^  MacK), 

Pathological. — According  to  Lucae,  there  are  some  ears  that  are  better  adapted  for  hearing 
loTo  notes  and  others  for  h^h  notes.  Both  conditions  are  disadvantageous  for  hearing  speech. 
Those  who  hear  low  notes  best  hear  the  highest  consonants  imperfectly.  The  low  notes  are 
heard  abnormally  loud  in  rheumatic  £Eu:ial  paralysb,  while  the  high  tones  are  heard  abnormally 
loud  in  cases  of  loss  of  the  membrana  tympahi,  incus,  and  malleus.  The  stapedius  is  in  Wl 
action,  whereby  the  highest  tones  are  heanl  louder  at  the  expense  of  the  lower  notes.  Many 
persons  with  normal  hearing  hear  a  tone  higher  with  one  ear  than  with  the  other.  This  con- 
dition is  called  diplacusis  binauralis.  In  rare  cases,  sudden  loss  of  the  perception  of  certain 
tones  has  been  observed,  e.  ^.,  the  bass-deafDess  of  Moos.  In  a  case  described  by  Magnus, 
the  tones  di,  bl,  were  not  heard  (J  316). 

II.  Perception  of  the  Intensity  of  Tone. — The  intensity  of  a  tone  depends  upon  the  ampli- 
tude of  the  vibrations  of  the  sounding  body.  The  intensity  of  the  tone  is  proportional  to  the 
square  of  the  amplitude  of  vibration  of  the  sounding  body,  f.  e.,  with  2,  3,  or  4  times  the  ampli- 
tude the  intensity  of  the  tone  is  4,  9,  16  times  as  strong.  As  sonorous  vibrations  are  communi- 
cated to  our  ears  by  the  wave- movements  of  the  air,  it  is  evident  that  the  tones  must  become  less 
and  less  intense  the  further  we  are  from  the  source  of  the  sound.  The  intensity  of  the  sound  is 
inrersely  proportional  to  the  square  of  the  distance  of  the  source  of  the  sound  from  the  ear. 

Tests. — z.  Place  a  watch  horizontally  near  the  ear,  and  test  how  close  it  may  be  brought  to 
the  ear,  and  also  how  far  it  may  be  removed,  and  still  its  sounds  be  heard.  Measure  the  dis- 
tance, a.  Itard  uses  a  small  hammer  suspended  like  a  pendulum,  and  allowed  to  fall  upon  a 
hard  sur&ce.  3.  Balb  of  different  weights  are  allowed  to  fall  from  varying  heights  upon  a  plate. 
In  this  case  the  intensity  of  the  sound  is  proportional  to  the  product  of  the  weight  of  the  ball 
into  the  height  it  falls. 

As  to  the  limits  of  the  perception  of  the  intensity  of  a  tone,  it  is  found  that  a  spherule  weigh- 
ing I  milligram,  and  falling  from  a  height  of  i  mm.  upon  a  glass  plate,  is  heard  at  a  distance  of 
5  centimetres  (SchafhduU). 

415.  PERCEPTION  OF  QUALITY— VOWELS.— By  the  term 
quality  ("Klangfarbe"),  musical  color  or  timbre,  is  understood  a  peculiar* 
character  of  the  tone,  by  which  it  can  be  distinguished  apart  from  its  pitch  and 
intensity.  Thus,  a  flute,  horn,  violin,  and  the  human  voice  may  all  sound  the 
same  note  with  equal  intensity,  and  yet  all  the  four  are  distinguished  at  once 
by  their  specific  quality.  Wherein  lies  the  essence  ('*  Wesen  ")  of  tone-color  ? 
The  investigations  of  v.  Helmholtz  have  proved  that,  amongst  mechanisms 
iw^hich  produce  tones,  only  those  that  produce  pendulum-like  vibrations,  /.  ^., 
the  to-and-fro  vibrations  of  a  metallic  rod  with  one  end  fixed,  and  tuning- 
forks,  execute  simple  pendulum-like  vibrations.  This  can  be  shown  by  making 
a  tuning-fork  write  off  its  vibrations  on  a  recording  surface,  when  a  completely 
uniform  wave-line,  with  equal  elevations  and  depressions  is  noted.  The  term 
•*  tone"  is  restricted  to  those  sounds,  hardly  ever  occurring  in  nature,  which 
are  due  to  simple  pendulum-like  vibrations. 

Other  investigations  have  shown  that  the  tones  of  musical  instruments  and  of  the  human 
voice,  all  of  which  have  a  characteristic  quality  of  their  own,  are  composed  of  many  single 
simple  tones.    Amongst  these  one  is  characterized  by  its  intensity,  and  at  the  same  time  it  de* 
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termines  the  pitch  of  the  whole  compound  musical  **  tone-picture."  This  is  called  the  fanda- 
mental  tone  or  key-note.  The  oUier  weaker  tones  which,  as  it  were,  spring  from  and  are 
mingled  with  this,  ^ary  in  different  instruments  both  in  intensity  and  number.  They  are  "  upper 
tones,"  and  their  vibrations  are  always  some  multiple — 2,  3,  4,  5  ....  times— of  the  fuoda- 
mental  tone  or  key-note.  In  general,  we  say  that  all  those  outbursts  of  sound  whidi  embnce 
numerous  strong  upper  tones,  especially  of  high  pitch,  in  addition  to  the  fundamental  tone,  are 
characterized  by  a  sharp,  piercing,  and  rough  quality,  such  as  emanates  from  a  tiumpet  or 
clarionet,  and  that  conversely  the  quality  is  characterized  by  mildness  and  softnes  when  the 
overtones  are  few,  feeble,  and  low,  ^^.,  such  as  are  produced  by  the  flute.  It  reqmrei  a  well* 
trained  musical  ear  to  distinguish,  in  an  instrumental  burst,  the  overtones  apart  from  the  fimda- 
mental  tone.  But  this  is  very  easily  done  with  the  aid  of  resonators  (fig.  735).  These  ooosifl 
of  spherical  or  funnel-shaped  hollow  bodies,  made  of  brass  or  some  other  substance,  which,  by 
means  of  a  short  tube,  can  be  placed  in  the  outer  ear.  If  a  resonator  be  placed  in  the  ear,  we 
can  hear  the  feeblest  overtone  of  the  same  number  of  vibrations  as  the  fundamental  lone.  Thus, 
musical  instruments  are  distinguished  by  the  number,  intensity,  and  pitch  of  the  overtones  whidi 
they  produce.  A  vibrating  metallic  rod  and  a  tuning- f(»rk  have  no  overtones;  they  only  give 
the  fundamental  tone.  As  already  mentioned,  the  term  simple  tone  is  applied  to  sounds  doe  to 
simple  pendulum-like  vibrations,  while  a  sound  composed  of  a  fundamental  tone  and  oveitoaes 
b  called  a  **  klang  *'  or  compound  musical  tone. 

Vibration  Curve  of  a  Musical  Tone. — ^When  we  remember  that  a  musical  tone  or  klaag 

consists  of  a  fundamental  tone,  and  a  number 
of  overtones  of  a  certain  intensitj,  whkh  de- 
termine its  quality,  then  we  oogfat  to  be  abk 
to  construct  geometrically  the  vifaiation  awe 
of  the  musical  tone.  Let  A  represent  the 
vibration  curve  of  the  fundamental  tone,  a^ 
B  that  of  the  first  moderately  weak  oveitaae 
(%•  734)*  'ni^  combination  of  these  two 
curves  is  obtained  simply  by  cumputing  the 
height  of  the  ordinates,  whereby  the  ordinates 
of  the  overtone  curve,  lying  above  the  ahscbw 
or  horizontal  line,  are  added  to  the  funda- 
mental tone  curve,  while  those  of  the  ofdinatei 
below  the  line  are  subtracted  from  it.  Thai 
we  obtain  the  curve  C,  which  is  not  a  simple 
pendulum-like  curve,  but  one  which  oone- 
sponds  to  an  unUeculy  movement.  A  new 
curve  of  the  second  overtone  may  be  added  to 
C,  and  so  on.  The  result  of  all  these  comhina- 
tions  is  that  the  vibration  curves  cotiespooding 
p..  to  the  compound  musical  tones  are  umsteady  pe- 

*g*  734*  riodic  curves.    All  these  curves  must,  of  ooone. 

Curves  of  a  musical  tone  obtained  by  com-  vary  with  the  number  and  pitch  of  the  com- 
pounding the  curve  of  a  fundamental  tone  pounded  overtone  curves, 
with  that  of  its  overtones.  Displacement  of  the  Phases. — The  fcm 

of  the  vibration  of  one  and  the  same  mvskal 
tone  may  vary  very  greatly  if^  in  compounding  the  curves  A  and  B,  the  curve  B  is  only  riigfatlf 
displaced  laterally.  If  B  is  displaced  so  that  the  hollow  of  the  wave  r  falls  under  A,  the  ad- 
dition of  both  curves  yields  the  curve  r,  r,  r,  with  small*  elevations  and  broad  valleys.  If  B  be 
displaced  still  further,  until  the  elevation  of  the  wave,  ^,  coincides  with  A,  we  obtain  still  another 
form,  so  that  by  displacement  of  ^t,  phases  of  the  wave-motions  of  the  compounded  simple  po- 
dulum-like  vibrations,  we  obtain  numerous  different  forms  of  the  same  musical  tone.  The  dis- 
placement of  the  phases,  however,  has  no  effect  on  the  ear. 

The  general  result  of  these  observations,  and  those  of  Fourier,  is  that  the  quality  of  a  mnsical 
tone  depends  upon  the  characteristic  form  of  the  vibratory  movement. 

Analysis  of  Vowels. — The  human  voice  represents  a  reed  instrument  with  vibrating  dastic 
membranes,  the  vocal  cords  (J  312).  In  uttering  the  various  vowels  the  mouth  assumes  a  chv- 
acteristic  form,  so  that  its  cavity  has  a  certain  fundamental  tone  peculiar  to  itseUl  Thus,  to  the 
fundamental  tone  of  a  certain  pitch  produced  within  the  larynx,  there  are  added  certain  over- 
tones which  communicate  to  the  laryngeal  tone  the  vocal  or  vowel  quality.  Hence,  a  vowel  ii 
the  timbre  or  quality  of  a  musical  tone  which  is  produced  in  the  larynx.  The  quality  depoids 
upon  the  number,  intensity,  and  pitch  of  the  overtones,  and  the  latter,  again,  depend  on  the  cos»- 
figuration  of  the  "  vocal  cavity''  in  uttering  the  different  vowels  ({  317). 

Suppose  a  person  to  sing  the  vowels  one  af^er  the  other  on  a  special  note,  e.g.^  b  ^,  we  caa, 
with  the  aid  of  resonators,  determine  the  overtones,  and  in  what  intensity  they  are  mixed  ^^ 
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the  fbodainenlal  tone,  b  t,  to  give  the  chRnicteristic  quality.    According  to  v.  Helmholti,  vrh«n 


Fig-  735- 

c&piulc  [A]  uid  n 


Fig.  736. 
Flame-inctDtw  of  the  vowels  ou,  O,  and  a  (Xatu^), 
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specially  characteristic  overtones,  because  in  these  cases  the  mouth  is  so  shaped  that  the  postenor 
larger  cavity,  and  also  the  anterior  narrower  part,  each  yields  a  special  tone  ({  316,  I  and  E). 
These  two  overtones  are  for  E-B"'  l>  and  f ' ;  for  I-d**"  and  f;  for  A-gi»  and  d"  ;  for  O-c"'  S 
and  f  I ;  for  U-g"'  and  f.  These,  however,  are  only  the  special  upper  tooes.  There  are  many 
more  upper  tones,  but  they  are  not  so  prominent. 

Artificial  Vowels. — ^Just  as  it  is  possible  to  analyze  a  vowel  into  its  fundamental  tone  and 
its  upper  tones,  it  is  possible  to  compound  tones  to  produce  the  vowels  by.simultaneoasly  socmd- 
ing  the  fundamental  tone  and  the  corresponding  upper  tones.  (1)  A  vowel  is  produced  simptr 
by  singing  loudly  a  vowel,  e.^-,.  A,  upon  a  certain  note  against  the  free  strings  of  an  open  piano, 
whilst  by  the  pedal  the  damper  is  kept  raised.  As  soon  as  we  stop  singing,  the  characterKtic 
vowel  is  sounded  by  the  strings  of  the  piano.  The  voice  sets  into  sympathetic  Tibratioo  all 
those  strings  whose  overtones  (in  addition  to  the  fundamental  tone)  occur  in  the  vocal  componod 
tone,  so  that  they  vibrate  for  a  time  after  the  voice  ceases  (v.  Helmhaltt).  (2)  The  vowd  ap- 
paratus devised  by  v.  Helmholtz  consists  of  numerous  tuning-forks,  which  are  kept  Tibiating  by 
means  of  electro-magnets.  The  lowest  tuning-fork  gives  the  fundamental  tone,  B  >,  and  the 
others  the  overtones.  A  resonator  is  placed  in  front  of  each  tuning-fork,  and  the  distance 
between  the  two  can  be  varied  at  pleasure.  The  resonators  can  be  opened  and  dosed  hy  a  lid 
passing  in  front  of  their  openings.  When  the  resonator  is  closed,  we  cannot  hear  the  tone 
emitted  by  the  tuning-fork  placed  in  firont  of  it ;  but  when  one  or  more  resonators  are  opened 
the  tone  is  heard  distinctly,  and  it  is  louder  the  more  the  resonator  is  opened.  By  means  of  § 
series  of  keys,  like  the  keys  of  a  pianoforte,  we  can  rapidly  open  and  close  the  resonators  at  wtDL 
and  thus  combine  various  overtones  with  the  fundamental  tone  so  as  to  prodnce  Towds  widi 
different  qualities.  V.  Helmholtz  makes  the  following  compositions :  U  =■  B  b  with  b  ^  weak 
and  f  I  ;  O  =  damped  B  b  with  bi  l»  strong  and  weaker  b  t»,  f ',  d"  ;  A  =  b  b  (fundamental  tone] 
with  moderately  strong  b'  b  and  f",  and  strong  b"  b  and  d'";  A==b  b  (fundamental  tone) 
with  bi  b  and  f  »  somewhat  stronger  than  for  A,  d  strong,  b"  1^  weaker,  d'H  and  f  u'  as  strong  as 
possible ;  E  =  b  ^  (as  fundamental  tone)  moderately  strong,  with  b'  b  and  f '  modeiaie  also,  and 
fill',  a'li  b,  and  bm  b,  as  strong  as  possible;  I  could  not  be  produced. 

In  Appunn's  apparatus,  Uie  fundamental  tone  and  the  overtones  are  produced  by  means  of 
organ  pipes,  whose  notes  can  be  combined  to  produce  the  vowels,  but  it  is  not  so  good  as  the 
tuning  forks,  since  the  organ  pipes  do  not  yield  simple  tones,  but  nevertheless  some  of  the  voweb 
can  be  admirably  reproduced  with  this  apparatus. 

Ellison's  Phonograph. — If  we  utter  the  vowels  against  a  delicate  membrane  stretched  over 
the  end  of  a  hollow  cylinder,  and  if  a  writing  style  be  fixed  to  the  centre  of  the  membrane,  and 
the  style  be  so  arranged  that  it  can  write  or  record  its  movements  on  a  piece  of  soft  tinfofl 
arranged  on  a  revolving  apparatus,  then  the  vowel  curve  is  stamped  as  it  were  upon  the  tinfciL 
If  the  style  now  be  made  to  touch  the  tinfoil  while  the  latter  is  moved,  then  the  style  is  moved — 
it  moves  the  membrane,  and  we  hear  distinctly  by  resonance  the  vowel  sound  repitxlnced. 

[Koenig's  Manometric  Flames. — By  means  of  this  apparatus  the  quality  of  the  vovd 
sounds  is  easily  shown.  It  consists  of  a  small  wooden  capsule,  A,  divided  into  two  companmcots 
by  a  piece  of  thin  sheet  india-rubber.  Ordinary  gas  passes  into  the  chamber  on  one  side  of  die 
membrane,  through  the  stop-cock,  and  it  is  lighted  at  a  small  burner.  To  the  olhcr  compait- 
ment  is  attached  a  wide  tube  with  a  mouthpiece.  The  whole  is  fixed  on  a  stand,  and  near  it  is 
placed  a  four- sided  rotating  mirror,  M,  as  suggested  by  Wheatstone  (fig.  735).  On  speaki^  or 
singing  a  vowel  into  the  mouthpiece,  and  rotating  the  mirror,  a  toothed  or  zigzag  flame-pkive 
is  obtained  in  the  mirror.  The  form  of  the  flame-picture  is  characteristic  for  each  vovei,  and 
varies  of  course  with  the  pitch.]  [Fig.  736  shows  the  form  of  the  flame-picture  obtained  in  the 
rotating  mirror  when  the  vowels,  ou,  o.  A,  are  sung  at  a  pitch  of  m/,,  xo/j,  and  ut^  Thb  serks 
shows  how  they  differ  in  quality.] 

[Koenig  has  also  invented  the  apparatus  for  analysing  any  compound  tone  whose  Iod^- 
mental  tone  is  ur,  (fig.  737).  It  consists  of  a  series  of  resonators,  from  UT,  to  UT^,  fixed  in  aa 
iron  frame.  Each  resonator  is  connected  with  its  special  flame,  which  is  pictured  in  a  k« 
narrow,  square  rotating  mirror.  If  a  tuning-fork  ur,  be  sounded,  only  the  flame  irr,  b  afiecteit 
and  so  on  with  each  tuning-fork  of  the  harmonic  series.  Suppose  a  compound  note  coiKaiaim 
the  fundamental  tone  UT,,  and  its  harmonics  be  sounded,  then  the  flame  of  UT,,  and  those  of  the 
other  harmonics  in  the  note,  are  also  affected,  so  that  the  tone  can  be  analyzed  optically.  The 
same  may  be  done  with  the  vowels.] 

416.  LABYRINTH  DURING  HEARING.— If  we  ask  what  r6le  the 
ear  plays  in  the  perception  of  the  quality  of  sounds,  then  we  most  assuoK 
that,  just  as  with  the  help  of  resonators  a  musical  note  can  be  resolved  into  its 
fundamental  tone  and  overtones,  so  the  ear  is  capable  of  performing  siich  an 
analysis.  The  ear  resolves  the  complicated  wave-forms  of  musical  tones  into 
their  components.     These  components  it  perceives  as  tones  harmonious  with 
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each  other;  with  marked  attention  each  is  perceived  singly,  so  that  the  ear  dis- 
tinguishes as  different  tone-colors  only  difTerent  combinations  of  these  simple 
tone-sensations.  The  resolution  of  complex  vibrations,  due  to  quality,  into 
simple  pendulum-like  vibrations  is  a  characteristic  function  of  the  ear.  What 
apparatus  in  the  ear  is  capable  of  doing  this?  If  we  sing  vigorously — e.g., 
the  musical  vowel  A  on  a  definite  note,  say  b  '' — against  the  strings  of  an  open 
pianoforte  while 
the  damper  is 
raised,  then  we 
cause  all  those 
strings,  and  only 
those,  to  vibrate 
sympathetically, 
which  are  con- 
tained in  the 
vowel  so  sung. 
We  must,  there- 
fore, assume  that 
an  analogous 
sympathetic  ap- 
paratus occurs 
m  the  ear,  which 
is  tuned,  as  it 
were,  for  differ- 
ent pitches,  and 
which  will  vi- 
brate sympathet- 
ically like  the 
strings  of  a 
pianoforte.  "  II 
we  could  so  con- 
nect every  string 
of  a  piano  with 
a  nerve-fibre  that 
the  nerve-fibre 
would  be  excited 
and  perceived  as  Pl^  ^^^ 

.  ..  ,       Koenig'i  apparaiiu  for  ■nalytim  a  campound  lone  with  the  funduiMiital 

String    vibrated,  ^     ^'^  tone  utV 

then,  as  is  actu- 
ally the  case  in  the  ear,  every  musical  note  which  affected  the  instrument  would 
excite  a  series  of  sensations  exactly  corresponding  to  the  pendulum-like  vibra- 
tions into  which  the  original  movements  of  the  air  can  be  resolved  ;  and  thus 
the  existence  of  each  individual  overtone  would  be  exactly  perceived,  as  is 
actually  the  case  with  the  ear.  The  perceptioti  of  tones  of  different  pitch 
would  under  these  circumstances  depend  upon  different  neivc-fibres,  and  hence 
would  occur  quite  independently  of  each  other.  Microscopic  investigation 
shows  that  there  are  somewhat  similar  structures  in  the  ear.  The  free  ends  of 
all  the  nerve-fibres  are  connected  with  small  elastic  particles  which  we  must 
assume  are  set  into  sympathetic  vibration  by  the  sound-waves  "  (n.  Helmholtz). 

Resolution  by  the  Cochlea. — Formerly  v.  Helmholtz  considered  the 
rods  of  Corti  to  be  the  apparatus  that  vibrated  and  stimulated  the  terminations 
of  the  nerves.  But,  as  birds  and  amphibians,  which  certainly  can  dis- 
tinguish musical  notes,  have  no  rods  {ffassi),  the  strtlched  radial  fibres  of  the 
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membrana  basilarisy  on  which  the  organ  of  Corti  is  placed ,  and  which  are 
shortest  in  the  first  turn  of  the  cochlea,  becoming  longer  towards  the  apex  of 
the  cochlea,  are  now  regarded  as  the  vibrating  threads  (^Hensm),  Thus,  a 
string-like  fibre  of  the  membrana  basilaris,  which  is  capable  of  vibrating,  cor- 
responds to  every  possible  simple  tone.  According  to  Hensen,  the  hairs  of  the 
labyrinth,  which  are  of  unequal  length,  may  serve  this  purpose.  Destruction  of 
the  apex  of  the  cochlea  causes  deafness  to  deeper  tones  {Baginsky). 

[Hensen' s  Experiments. — That  the  hairs  in  connection  with  the  hair- 
cells  vibrate  to  a  particular  note  is  also  rendered  probable  by  the  experiments 
of  Hensen  on  the  crustacean  Mysis,  He  found  that  certain  of  the  minute 
hairs  (auditory  hairs)  in  the  auditory  organ  of  this  animal,  situate  at  the  base 
of  the  antennae,  vibrated  when  certain  tones  were  sounded  on  a  keyed  horn. 
The  movements  of  the  hairs  were  observed  by  a  low-power  microscope.  In 
mammals,  however,  there  is  a  difficulty,  as  the  hairs  attached  to  the  cells  appear 
to  be  all  about  the  same  length.  We  must  not  forget  that  the  perception  of 
sound  is  a  mental  act.] 

This  assumption  also  explains  the  perception  of  noises. 

Of  noises  in  the  strictly  physical  sense,  it  is  assumed  that  they,  like  single 
impulses,  are  perceived  by  the  aid  of  the  saccules  and  the  ampulUe. 

It  is  assumed  that  the  saccules  and  the  ampullae  are  concerned  in  the 
general  perception  of  hearing,  /.  ^.,  of  shocks  communicated  to  the  auditory 
nerve  (by  impulses  and  noises) ;  while  by  the  cochlea  we  estimate  the  pitch 
and  depth  of  the  vibrations,  and  musical  character  of  the  vibrations  produced 
by  tones.  The  relation  of  the  semi-circular  canals  to  the  equilibrium  of 
the  body  is  referred  to  in  §  350. 

417.  SIMULTANEOUS  ACTION  OF  TWO  TONES— HAR- 
MONY— BEATS— DISCORDS— DIFFERENTIAL   TONES.- 

When  two  tones  of  different  pitch  fall  upon  the  ear  simultaneously,  they  cause 
different  sensations  according  to  the  difference  in  pitch. 

1.  Consonance. — If  the  number  of  vibrations  of  the  two  tones  is  in  the 
ratio  of  simple  multiples,  as  i  :  2  :  3  :  4,  so  that  when  the  low  notes  make  one 
vibration  the  higher  one  makes  2  :  3  or  4  .  ,  .  .  then  we  experience  a  sensa- 
tion of  complete  harmony  or  concord. 

2.  Interference. — If,  however,  the  two  tones  do  not  stand  to  each  other  in 
the  relation  of  simple  multiples,  then  when  both  tones  are  sounded  simulta- 
neously interference  takes  place.  The  hollows  of  the  one  sound-wave  can  no 
longer  coincide  with  the  hollows  of  the  other,  and  the  crests  with  the  crests, 
but,  corresponding  to  the  difference  of  number  of  vibrations  of  both  curves, 
sometimes  a  wave-crest  must  coincide  with  a  wave-hollow.  Hence,  when  wave- 
crest  meets  wave-crest,  there  must  be  an  increase  in  the  strength  of  the  tone, 
and  when  a  hollow  coincides  with  a  crest,  the  sound  must  be  weakened.  Tins 
we  obtain  the  impression  of  those  variations  in  tone  intensity  which  have  been 
called  "beats." 

The  number  of  vibrations  is  of  course  alwajrs  equal  to  the  difference  of  the  number  of  v&ra> 
tions  of  both  tones.  The  beats  are  perceived  most  distinctly  when  two  organ  tooes  of  kw  pkcfa 
are  sounded  together  in  unison,  but  slightly  out  of  tune.  Suppose  we  take  two  organ  pipes  with 
33  vibrations  per  second,  and  so  alter  one  pipe  that  it  gives  34  vibratk>ns  per  second,  then  §mi 
distinct  beat  will  be  heard  every  second.  The  beats  are  heard  more  frequently  the  fester  ^ 
difference  between  the  number  of  vibrations  of  the  two  tones. 

Successive  Beats. — The  beats,  however,  produce  very  different  impres- 
sion upon  the  ear  according  to  the  rapidity  with  which  they  succeed  eadi  other. 

z.  Isolated  Beats. — When  they  occur  at  long  intervals,  we  may  perceivt 
them  as  completely  isolated,  but  single  intensifications  of  the  sound  with  sab- 
sequent  enfeeblement,  so  that  they  give  rise  to  the  impression  of  isolated  kemts. 
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2.  Dissonance. — When  the  beats  occur  more  rapidly  they  cause  a  continuous 
disagreeable  whirring  impression  which  is  spoken  of  as  dissonance^  or  an  inhar- 
monious sensation.  The  greatest  degree  of  unpleasant  painful  dissonance  occurs 
when  there  are  33  beats  per  second. 

3.  Harmony. — If  the  beats  take  place  more  rapidly  than  33  times  per 
second,  the  sensation  of  dissonance  gradually  diminishes,  and  it  does  so  the 
more  rapidly  the  beats  occur.  The  sensation  passes  gradually  from  moderately 
inharmonious  relations  (which  in  music  have  to  be  resolved  by  certain  laws) 
towards  consonance  or  harmony.  The  tone  relations  are  successively  the 
Second,  Seventh,  Minor  Third,  Minor  Sixth,  Major  Third,  Major  Sixth,  Fourth, 
and  Fifth. 

4.  Effect  of  the  Musical  Tones  ("^/a«^^")»— Two  musical  "klangs,** 
or  compound  tones,  falling  on  the  ear  simultaneously^  produce  a  result  similar 
to  that  of  two  simple  tones ;  but  in  this  case  we  have  to  deal  not  only  with  the 
two  fimdamental  tones,  but  also  with  the  overtones.  Hence  the  degree  of  dis- 
sonance of  two  musical  tones  is  the  more  pronounced  the  more  the  fundamental 
tones  and  the  overtones  (and  the  "differential"  tones)  produce  beats  which 
number  about  33  per  second. 

5.  Differential  Tones. — Lastly  two  ''klangs,"  or  two  simple  musical 
tone$  sounding  simultaneously,  may  give  rise  to  new  tones  when  they  are 
uniformly  and  simultaneously  sounding  in  corresponding  intensity.  We  can 
hear,  if  we  listen  attentively,  a  third  new  tone,  whose  number  of  vibrations 
corresponds  to  the  difference  between  the  two  primary  tones,  and  hence  it  is 
called  a  **  differential  tone, ' ' 

Summational  Tones. — It  was  formerly  supposed  that  new  tones  could  arise  from  the  sum- 
mation or  addition  of  their  number  of  ▼ibrations,  but  it  has  been  shown  that  these  tones  are  in 
reality  differential  tones  of  a  high  order  {Appunn^  Preyer), 

418.  PERCEPTION  OF  SOUND— OBJECTIVE  AND  SUB- 
JECTIVE AUDITION— AFTER-SENSATION.— Objective  and 
Auditory  Perceptions. — When  the  stimulation  of  the  terminations  of  the 
nerves  of  the  labyrinth  is  referred  to  the  outer  world,  then  we  have  objective 
auditory  perceptions.  Such  stimulations  are  only  referred  to  the  outer  world  as 
are  conveyed  to  the  membrana  tympani  by  vibrations  of  the  air,  as  is  shown  by 
the  fact  that  if  the  head  be  immersed  in  water,  and  the  auditory  meatuses  be 
filled  thereby,  we  hear  all  the  vibrations  as  if  they  occurred  within  our  head 
itself  (J&d,  Weber\  and  the  same  is  the  case  with  our  own  voice,  as  well  as 
with  the  sound-waves  conducted  through  the  bones  of  the  head,  when  both  ears 
are  firmly  plugged. 

Perception  of  Direction. — As  to  the  perception  of  the  direction  whence 
sound  comes,  we  obtain  some  information  from  the  relation  of  both  meatuses 
to  the  source  of  the  sound,  especially  if  we  turn  the  head  in  the  supposed 
direction  of  the  sound.  We  distinguish  more  easily  the  direction  from  which 
noises  mixed  with  musical  tones  come  than  that  of  tones  {RayleigfC),  When 
both  ears  are  stimulated  equally,  we  refer  the  source  of  the  sound  to  the  middle 
line  anteriorly,  but  when  one  ear  is  stimulated  more  strongly  than  the  other, 
we  refer  the  source  of  the  sound  more  to  one  side  (^Kessel).  The  position  of 
the  ear*muscles,  which  perhaps  act  like  an  ear-funnel,  is  important.  According 
to  Ed.  Weber,  it  is  more  difficult  to  determine  the  direction  of  sound  when 
the  ears  are  firmly  fixed  to  the  side  of  the  head.  Further,  if  we  place  the 
hollow  of  both  hands  in  front  of  the  ear,  so  as  to  form  an  open  cavity  behind 
them,  we  are  apt  to  suppose  that  a  sounding  body  placed  in  front  is  behind  us. 
The  semicircular  canals  are  said  also  to  be  concerned,  as  sound  coming  from  a 
certain  direction  must  always  excite  one  canal  more  than  the  others.  Thus, 
the  left  horizontal  canal  is  most  stimulated  by  horizontal  sound-waves  coming 
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from  the  left  {Preyer),  Other  observers  assert  that  the  membrana  tympani 
localizes  the  sound,  as  only  certain  parts  of  it  are  affected  by  the  soand- waves. 
The  distance  of  a  sound  is  judged  of  partly  by  the  intensity  or  loudness  of 
the  sound,  such  as  we  have  learned  to  estimate  from  sound  at  a  known  distance. 
But  still  we  are  subject  to  many  misconceptions  in  this  respect. 

Amongst  subjective  auditory  sensations  are  the  after 'vibrations^  especially  of  iotense  and 
continued  musical  tones ;  the  tinnitus  aurium  (p.  762),  which  often  accompanies  aboonnal 
movements  of  the  blood  in  the  ear,  may  be  due  to  a  mechanical  stimulation  <^  the  aadttoiy 
fibres,  perhaps  by  the  blood  stream  (Brenmr), 

[Drugs. — Cannabis  indica seems  to  act  on  the  hearing  centre,  giving  rise  to  snbjecdre  sooiids ; 
the  hearing  is  rendered  more  acute  by  strychnin;  while  quinine  and  sodic  salicylate  in  large 
doses  cause  ringing  in  the  ears  (Bruntan).'] 

Entotical  perceptions,  which  are  due  to  causes  within  the  ear  itself,  are  such  as  heariog  the 
puhc-beats  in  the  surrounding  arteries,  and  the  rushing  sound  of  the  blood,  which  is  espeaaOy 
strong  when  there  is  increased  resonance  of  the  ear  (as  when  the  meatus  or  tyropanam  is  doKd^ 
or  when  fluid  accumulates  in  the  latter),  during  increased  cardiac  action,  or  in  hypeiaestfacaia 
of  the  auditory  nerve  {^Brenner),  Sometimes  there  is  a  cracking  noise  in  the  maxillaxy 
articulation,  the  noise  produced  by  traction  of  the  muscles  on  the  Eustachian  tube  ({  411),  and 
when  air  is  forced  into  the  latter,  or  when  the  membrana  tympani  is  forced  ontwards  or 
inwards  (J  350). 

Fatigue. — ^The  ear  after  a  time  becomes  fatigued,  either  for  one  tone  or  for  a  series  of  tones 
which  have  acted  on  it,  while  the  perceptive  activity  is  not  affected  for  other  tones.  Complete 
recovery,  however,  takes  place  in  a  few  seconds  ( UrbantschUschy 

Auditory  After- Sensations. — (i)  Those  that  correspond  to  positive  after-sensations,  where 
the  after-sensation  is  so  closely  connected  with  the  original  torfe  that  both  appear  to  be  contin- 
uous. (2)  There  are  some  after-sensations,  where  a  pause  intervenes  beewecn  the  end  of  the 
objective  and  the  beginning  of  the  subjective  tone  ( Urbanischitsch),  (3)  There  seems  also  to 
be  a  form  corresponding  to  negative  after-inuiges. 

In  some  persons,  the  perception  of  a  tone  is  accompanied  by  the  occurrence  of  subjective 
colors,  of  the  sensation  of  light,  e.g,.^  the  sound  of  a  trumpet,  accompanied  by  the  sensatiGn  of 
yellow.  More  seldom  visual  sensations  of  this  kind  are  observed  when  the  nerves  of  taste, 
smell,  or  touch  are  excited  (Nussbaumerf  Lekmann,  and  BleuUr),  It  is  more  conmion  to  find 
that  an  intense  sharp  sound  is  accompanied  by  an  associated  sensation  of  the  sensory  nerves. 
Thus  many  people  experience  a  cold  shudder  when  a  slate  pencil  is  drawn  in  a  peculiar  rtrnm^y^^ 
across  a  slate. 

[Color  Associations. — Color  is  in  some  persons  instantaneously  associated  with  sound,  and 
Galton  remarks  that  it  is  rather  common  in  children,  although  in  an  ill-developed  degree,  and 
the  tendency  seems  to  be  very  hereditary.  Sometimes  a  particular  color  is  associated  with  a 
particular  letter,  vowel  sounds  particularly  evoking  colors.  Galton  has  given  colored  represeo- 
tations  of  these  color  associations,  and  he  points  out  their  relation  to  what  he  calls  number- 
forms,  or  the  association  of  certain  forms  with  certain  numbers.] 

An  auditory  impulse  communicated  to  one  ear  at  the  same  time  often  causes  an  increase  in  the 
auditory  function  of  the  other  ear,  in  consequence  of  the  stimulation  of  the  auditory  centres  of 
both  sides  {^Urbanischitsch^  Eitelberg), 

Other  Stimuli. — The  auditory  apparatus,  besides  being  excited  by  sound-waves,  is  ako 
affected  by  heterologous  sdmuli.  It  is  estimated  mechanically  by  a  sudden  blow  on  the  ear. 
The  effect  of  electricity  and  pathological  conditions  are  referr^  to  in  {  350. 

419.  COMPARATIVE— -HISTORICAL.— The  lowest  ^shes,  the  cyclostomata  (Petto- 
myzon),  have  a  saccule  provided  with  auditory  hairs  containing  otoliths,  and  commnnicatinf 
with  two  semicircular  canals,  while  the  myxinoids  have  only  one  semicircular  canal.  Most  i 
the  other  fishes,  however,  have  a  utricle  communicating  with  three  semicircular  canals.  In  the 
carp,  prolongations  of  the  labyrinth  communicate  with  the  swimming-bladder.  In  amphibtt, 
the  structure  of  the  labyrinth  is  somewhat  like  that  in  fishes,  but  the  cochlea  is  not  typically 
developed.  Most  amphibia,  except  the  firog,  are  devoid  of  a  membrana  tympanL  Only  the 
fenestra  ovalis  (not  the  rotunda)  exists,  and  it  is  connected  in  the  frog  by  three  ossicles  with  the 
freely-exposed  membrana  tympani.  Amongst  reptiles  the  appendix  to  the  saccule  corre^Mod- 
ing  to  the  cochlea  begins  to  be  prominent.  In  the  tortoise  it  is  saccular,  but  in  the  crocodile 
it  is  longer,  and  somewhat  curved  and  dilated  at  the  end.  In  all  reptiles  the  fenestra  rotnoda 
is  developed,  whereby  the  cochlea  is  connected  with  the  labyrinth.  In  crocodiles  and  birds, 
the  cochlea  is  divided  into  a  scala  vestibuli  and  S.  tympani. '  Snakes  are  devoid  of  a  tympanic 
cavity.  In  birds  both  saccules  (fig.  728,  IV,  U  S)  are  united  {Hasse)^  the  canal  of  the  oocfaki 
(U  C),  which  is  connected  by  means  of  a  fine  tube  (C)  with  the  saccule,  is  larger,  and  diovs 
indications  of  a  spiral  arrangement,  and  has  a  flask-like  blind  end,  the  lagena  (L).    The 
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auditory  ossicles  in  reptiles  and  birds  are  reduced  to  one  column*like  rod,  corresponding  to  the 
stapes,  and  called  the  colummella.  The  lowest  mammals  (Echidna^  have  structures  very 
like  those  of  birds,  while  the  higher  mammals  have  the  same  type  as  in  man  (fig.  728,  III). 
The  Eustachian  tube  is  alwa3rs  open  in  the  whale. 

Amongst  invertebrata,  the  auditory  organ  is  very  simple  in  medusae  and  mollusca.  It  is 
merely  a  bladder  filled  with  fluid,  with  the  auditory  nerves  provided  with  the  ganglia  in  its 
walls.  Hair-cells  occur  in  the  interior,  provided  with  one  or  more  otoliths.  Hensen  observed 
that  in  some  of  the  annulosa,  when  sound  was  conducted  into  the  water,  some  of  the  auditory 
bristles  vibrated,  being  adapted  for  special  tones.  In  cephalopoda,  we  distinguish  the  first  differ- 
entiation into  a  membranous  and  cartilaginous  labyrinth. 

Historical. — Empedocles  (473  B.  c.)  referred  auditory  impressions  to  the  cochlea.  The 
Hippocratic  School  was  acquainted  with  the  tjrmpanum,  and  Aristotle  (384  B.  c.)  with  the 
Eustachian  tube.  Vesalius  (1561)  described  the  tensor  tympani;  Cardanus  (1560)  the  conduc- 
tion through  the  bones  of  the  head;  while  Fallopins  (1561)  described  the  vestibule,  the  semi- 
circular canals,  chorda  tympani,  the  two  fenestrse,  the  cochlea,  and  the  aqueduct  Eustachins 
(t  1570)  described  the  modiolus,  the  lamina  spiralis  of  the  cochlea,  the  Eustachian  tube,  as  well 
as  the  muscles  of  the  ear;  Plater  the  ampullae  (1583) ;  Casseri  (1600)  the  lamina  spiralis  mem- 
branacea.  Sylvius  (1667)  discovered  the  ossicle  called  by  his  name  ;  Vesling  (1641)  the  stape- 
dius. Mersenne  (1618)  was  acquainted  with  overtones;  Gassendus  (1658)  experimented  on  the 
conduction  of  sound.  Acoustics  were  greatly  advanced  by  the  work  of  Chladni  (1802).  The 
most  recent  and  largei>t  work  on  the  ear  in  vertebrates  is  by  G.  Retzius  (1881-84). 
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420.  STRUCTURE  OF  THE  ORGAN  OF  SMELL.— Regio 
Olfactoria. — The  area  of  the  distribution  of  the  olfactory  nerve  is  the  regio 
olfactoria,  which  embraces  the  upper  part  of  the  septum,  the  upper  turbinated 
bone  and  part  of  the  middle  {Cm)  turbinated  bone  (iig.  738,  Cs).  All  the 
remainder  of  the  nasal  cavity  is  called  the  regio  respiratoria.  These  two  re- 
gions are  distinguished  as  follows :  (i)  The  regio  olfactoria  has  a  thicker  mucous 
membrane.  (2)  It  is  covered  by  a  single  layer  of  cylindrical  epithelium,  the 
cells  being  often  branched  at  their  lower  ends,  and  contain  a  yellow  or  brownish- 
red  pigment  (figs.  739,  740,  E).  (3)  It  is  colored  by  this  pigment,  and  is 
thereby  distinguished  from  the  uncolored  regio  respiratoria,  which  is  covered  by 
ciliated  epithelium.  (4)  It  contains  peculiar  tubular  glands  (Bowman's 
glands),  described  as  "  mixed  glands"  by  Paulsen  (§  143),  while  the  rest  of 
the  mucous  membrane  contains  numerous  acinous  serous  glands  {Heidenhain)  \ 
but  in  man  the  latter  are  said  to  be  mixed  glands  {Stdhr)  (fig.  739).  Lymph- 
follicles  lie  in  the  mucous  membrane,  and  from  them  numerous  leucocytes 
pass  on  to  the  free  surface  (JStdhr).  .  (5)  Lastly,  the  regio  olfactoria  embraces 
the  end-organs  of  the  olfactory  nerve.  The  long  narrow  olfactory  cells  (fig. 
740,  N)  are  distributed  between  the  ordinary  cylindrical  epithelium  (E)  cov- 
ering the  regio  olfactoria.  The  body  of  the  cell  is  spindle-shaped,  with  a 
large  nucleus  containing  nucleoli,  and  it  sends  upwards  between  the  cylindrical 
cells  a  narrow  (0.9  to  1.8  /i)  smooth  rod,  quite  up  to  the  free  surface  of  the 
mucous  membrane.  In  the  frog  («)  the  free  end  carries  delicate  projecting 
hairs  or  bristles.  In  the  deeper  part  of  the  mucous  membrane,  the  olfactory 
cells  pass  into,  and  become  continuous  with,  varicose  fine  nerve-fibres,  which 
pass  into  the  olfactory  nerve  (§  321,  I,  i).  According  to  C.  K.  Hoffman  and 
Exnei*,  after  section  of  the  olfactory  nerve,  the  specific  olfactory  end-organ& 
become  changed  into  cylindrical  epithelium  (frog),  and  in  warm-blooded 
animals  they  undergo  fatty  degeneration,  even  on  the  isth  day.  V.  Brunn 
found  a  homogeneous  limiting  membrane,  which  had  holes  in  it  for  transmitting 
the  processes  of  the  olfactory  cells  only. 

[The  respiratory  part  of  the  nasal  mucous  membrane  is  lined  by  ciliated 
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epithelium  stratified  like  that  in  the  trachea  and  resting  on  a  basement  mem- 
brane. Below  this  there  are  many  lymph-corpuscles  and  aggregations  of 
adenoid  tissue.] 

[The  organ  of  Jacobson  is  prcMnt  in  at)  mAmmali,  and  consiits  of  two  oairow  tubes  pro- 
lected  by  cartilage,  >nd  placed  in  the  lovet  and  snlerior  part  of  tlie  nasal  (cptum.  Each  inbe 
terminates  blindlj'  behind,  but  aotetioil;'  It  opens  ioto  the  naial  furrow  or  into  ibe  naso-polatiBc 
canal  (dcg).  The  wall  next  the  middle  line  is  covered  by  olfactory  epithelium,  and  receins 
olfactory  nerves  (rabbit,  gnioea-pig),  and  it  contain!  ghinds  similar  to  those  of  the  oibdoiT 
region;  the  outer  nail  is  covered  by  columnar  epithelium,  ciliated  io  some  animals  (X7a'ii).'\ 

[The  olfactory  non-medullated  nerves  arise  from  the  olfactory  bulb,  which 
is  a  grayish -yellow  small  rounded  mass  lying  on  the  orbital  surface  of  the 
frontal  lobe  and  upon  the  cribriform  plate  of  the  ethmoid  bone  (fig.  74i).  It 
is  connected  to  the  brain  behind  by  the  tractus  olfactorius,  which  is  tri- 
angular in  cross-section  and  mns  backwards  to  the  substantia  perforata  anterior. 


Fi«-  738.  Fig.  739. 

Fib-  738-— Na«al  and  phacyngo-naul  eavitin.      L,  lerMor  elevation ;  J'j.f.,  p  ,     . 

palatjna;  O,  Cm,  d,  the  Ibree  tnibinated  bones.  Fig.  7 39,^- Vertical  tecliao  of  the 
d&ctory  region  (rabbit),  x  560.  i,  diK ;  m,  zone  of  oval,  and  ir  of  qiberical  DDdd;  i, 
baial  cells ;  dr,  part  of  a  Bowman'a  gland ;  »,  branch  of  the  olfactory  nerve. 

Its  roots  have  been  described  already  (§  343, 1),  but  some  of  tte  fibres  can  be 
traced  into  the  uncinate  gyrus  of  the  temporal  lobe  to  the  nucleus  omygdaletis 
and  comu  ammoois,  while  some  fibres  cross  to  the  opposite  side  at  the  antetior 
border  of  the  anterior  commissure.J 

[The  olbctory  trad  and  bulb  were  originally  a  protnuioo  of  the  cerebral  subctaDce,  and  om- 
talned  irithin  (lieiii  a  narrow  cavity  continuoua  vtth  the  mUdle  comu  of  the  latent  ratiick. 
Both  the  bulb  and  tract  contain  gray  and  white  mailer,  and  in  the  former  are  nnmy  onp«n 
amyUcea.] 

[Id  a  ngittal  lection  of  the  tract  and  bulb  ia  the  dog  (fig.  743]  we  lee  that  tbc  bolb  ,i) 
coven  the  tract  {t)  like  a  hood,  while  in  the  intetioc  ii  seen  Uie  narrow  catiaL  TbeolbctMT 
tract  is  triangular  in  crou-section  with  rounded  edges  and  sislitly  concave  aidca.  At  its  laai 
pan  and  covering  the  lateral  angles  are  ntuneroiu  fine  medallated  6brea,  and  then  ate  aln 
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The  more  central  patti  of  the  tttct  c 


medullsled  nerve- libi«*  on  iladorul  inject. 
nective>tii*ue  and  some  small  Dcrre^cells.] 

[The  olfactory  bulb  consists  of  many  layers,  as  seen  od  vertical  section. 
Most  superficially  it  is  covered  by  a  layer  of  pia  mater,  and  under  it  are 
ntimerous  bundles  of  the  fibres  of  the  olfactory  nerve — the  nerve-fibre  layer 
(fig-  743i  D)-  The  second  layer,  stratum  gfomeruhsum  (fig.  743,  E),  contains 
peculiar  globular  masses,  closely  packed  together,  and  passing  into  them  are 
nerve-fibres  from  the  first  layer.     In  these  glomeruli  the  nerve  fibrils  come  into 


Fig.  74a 

N,  olfactory  celli  (human)i 

n,   from   the   Uog;    E, 

epilbelium  of  ihe  regio 

olfactoria. 


ber  clnereum;  T  II,  and  II,  optic  tract  and 
ncf  ve ;  ti,  chiasma ;  T,  temporal  lobe  ;  U,  un- 
cus ;  Am,  nucleui  amygdaleiu ;  Spa,  interior 
porforaied  ipot;  IJ,  lamina  lennin^ is ;  Coa, 
poailiOD  of  anterior  commiunre  ;  P,  frontal 
lobe;  ^r>/,  olfactory  bulb;  rnu*,  olfactoiy  tract. 


Fig.  74a. 
Sagittal  seclioD  of  the  olfactoiy  bulb  of  a 
dog;  b,  olfactorr  bulb;  /,  ol&ctory  tract ; 
V,  ventricle  of  the  bulb,     x  4. 


relation  with  fibrils,  the  branches  of  nerve-cells.  The  third  layer  is  the  stratum 
geiatinosum  (fig.  743),  consisting  of  a  finely  granular  ground-substance  in  which 
are  scattered  some  branched  cells,  and  through  it  there  pass  branches  of  nerve- 
fibres  and  nerve-cells.  The  fourth  or  nerve-cell  layer  (fig,  743,  C)  consists 
partly  of  a  single  layer  of  large  branched  nerve-cells  which  give  off  an  axis- 
cylinder  process  centrally  and  protoplasmic  processes  peripherally.     The  latter 
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enter  the  glomeruli.  The  next  layer — stratum  granulosum — coDsists  of  bundln 
of  nerve-fibres  with  numerous  granules  intercalated  amongst  them.  The  inner- 
most or  sixth  layer  containi 
medu Hated  nerve-fibres.  The 
similarity  between  the  de- 
ments contained  in  the  ol&c- 
tory  bulb  and  those  in  the 
retina  has  been  pointed  oat 
by  many  observers.] 

421.  OLFACTORY 
SENSATIONS.— Olbc 
^  tory  sensations  are  produced 

by  the  action  of  gaseous, 
odorous  substances  beio| 
brought  into  direct  contact 
with  the  olfactory  cells  dur- 
ing the  act  of  inspirativH. 
The  current  of  air  is  divided 
by  the  anterior  projection  of 
the  lowest  turbinated  bone, 
so  that  a  part  above  the  latter 
is  conducted  to  the  rcgio 
olfactoria.  During  inspira- 
tion, the  air  streauis  along 
close  to  the  septum,  while 
little  of  it  passes  through  the 
nasal  passages,  especially  the 
superior  {^Paulsen  and  Ex- 
Mtr).  [The  expired  air  takes 
almost  Che  same  course  as 
the  inspired  air.]  Odoroos 
bodies  taken  into  the  roonib 
and  then  expired  through  the 
posterior  nares  are  said  not 
to  be  smelt  {Bidder),  fTI>(s 
is  certainly  not  troe,  as  has 
been  proved  by  Aronsohn.] 
I^E-  743-  [It    is  usually  Mmted    thai  oolf 

Anlero-poiterior  lection  of  the  olfactory  bulb  and  naial  odorous  particles  saapcndol  in  lir 
mucous  menbrlDC  of  ■  new-bom  mouse.  A,  olfactory  excite  "le  sensatioo  of  meii.  The 
epithelium  situated  below  the  lamiaa  cribrosa  ;  a,  bipolar  «  certainly  nX  the  whole  trwh— 
cell*,  and  b,  sustentaculat  cells.  B,  substantia  propria  otherwise,  bow  do  aqtutic  aitituk. 
ofthemucosawilh  numeroui  nerve-fibres.  C,  ethmoidal  'ilie  foh.  smell  ?  Monora  Ibt 
cartilage ;  D,  layer  of  olfactory  nerve-fibres  ;  E,  layer  of  mucous  membruie  is  always  mm. 
olfactory  glomeruli ;  F,  inferior  molecularlayer;  G.layer  and  in  some  cases  where  tboe  is 
of  mullipolarnerve-celU;  H.anperiormolecular layer;  I,  "  profuse  secretion  from  the  olfac- 
granular  layer;  fpCattilage;  ^,olf»Clorynervei;/,r»inifi.  t<KT  mucoro  membrane,  tbetc  B  oa 
calionsof  the  olfactory  fibrils  in  the  glomeruli;  ^.centnl  impairment  of  the  sense  of  smdl] 
aiis-cylinderprocessof  accU;  ^,multipolarner»e-cell;i,  ^n.  j.  .  „„„_„,  „f  ,.„, 
granules;  /,  epithelial  ceils ;\«  terminal  filament  of  ail  The  /ri/  moment  of  COT- 
epithelial  cell;  0,  large  cell  (Caj'fl/j.  t^Ct     between       the      odOTWC 

body  and  the  olfactory  mu- 
cous membrane  appears  to  be  the  time  when  the  sensation  takes  place,  as,  wfaeo 
we  wish  to  obtain  a  more  exact  perception,  we  sniff  several  times  i.  e..  t 
series  of  rapid  inspirations  are  taken,  the  mouth  being  kept  closed.  Daring 
sniffing,  the  air  within  the  nasal  cavities  is  rarefied,  and  as  air  rushes  in  lo 
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equilibrate  the  pressure,  the  air,  laden  with  odorous  particles,  streams  over  the 
olfactory  region.  Odorous  fluids  are  said  not  to  give  rise  to  the  sensation  of 
smell  when  they  are  brought  into  direct  contact  with  the  olfactory  raucous 
membrane,  as  by  pouring  eau  de  Cologne  into  the  nostrils  {Taurtual^  1827  ;  E, 
H,  Weber y  1847).  [Aronsohn  has,  however,  shown  that  these  experiments  are 
not  accurate,  for  one  can  smell  eau  de  Cologne,  clove  oil,  etc.,  when  a  mixture 
of  these  bodies  with  .75  per  cent.  NiiCl  is  applied  to  the  olfactory  mucous 
membrane ;  the  most  suitable  medium  is .  73  per  cent.  NaCl  and  its  temperature 
40-43*^  C]  Even  water  alone  temporarily  affects  the  cells.  We  know  practically 
nothing  about  the  nature  of  the  action  of  odorous  bodies,  but  many  odorous 
vapors  have  a  considerable  power  of  absorbing  heat  (^Tyndail).  [Odorous 
bodies  diminish  the  number  of  respirations  (^Gourewttsch).] 

The  intensity  of  the  sensation  depends  on— i.  ITie  size  of  the  olfactory 
surface,  as  animals  with  a  very  keen  sense  of  smell  are  found  to  have  complex 
turbinated  bones  covered  by  the  olfactory  mucous  membrane.  2.  The  con- 
centration of  the  odorous  mixture  of  the  air.  Still,  some  substances  may  be 
attenuated  enormously  {e,  g,^  musk  to  the  two-millionth  of  a  milligram),  and 
still  be  smelt.  3.  The  frequency  of  the  conduction  of  tl\e  -vapor  to  the 
olfactory  cells  (sniffing). 

[The  acuteness  of  the  sense  of  smell  is  greatly  improved  by  practice.  A 
boy  named  James  Mitchell,  who  was  deaf,  dumb,  and  blind,  used  his  sense  of 
smell,  like  a  dog,  to  distinguish  persons  and  things.] 

[As  in  the  case  of  sight  and  hearing,  it  has  been  sought  to  connect  the  quality  of  taste  and 
smell  with  the  kind  of  vibrating  stimulus.  Ramsay  showed  that  many  mcts  pointed  to  the 
dependence  of  smell  upon  the  yibratory  motion  of  odorous  particles ;  thus,  many  gases  and 
▼apors  of  low  specific  gravity — i .^.,  with  a  very  rapid  vibration  of  their  molecules — are  perfectly 
odorless,  while  such  sirastances  as  the  alcohols  and  fatty  acids,  alike  in  chemical  and  physicid 
pn^)erties,  can  excite  generic  smells,  the  higher  members  of  the  group  being  more  powerful  in 
this  respect  than  the  lower  ones.  Taking  the  elements  as  arranged  in  a  "  Natural  Classification  " 
by  Mendelejeff,  Haycraft  has  shown  that  elements  in  the  same  group  are  capable  of  producing 
similar  or  related  tastes,  and  the  same  seems  to  be  true  for  smell  (HaycrafiY\ 

We  can  smell  the  following  substances  in  the  following  profxntions :  Bromine  77^^71  sul- 
phuretted hydrogen  ^^^jus  milligram  in  I  c.cm.  of  air  ( Valentin) ;  also  j^^jijiji  of  a  milli- 
gram of  chlorphenol,  and  Tgogtygvy  ^f  ^  milligram  of  mercaptan  (E,  Fischer  and  Pensoldt), 

[Althaus  found  that  electrical  stimulation  of  the  olfactory  mucous  membrane  eave  rise  to 
the  sensation  of  the  smell  of  phosphorus,  and  Aronsohn  found  that  he  smelt  on  making  the  cur- 
rent when  the  cathode — and  on  breaking  the  current  when  the  anode — was  in  the  nose.] 

The  variations  are  referred  to  in  {  343.  If  the  two  nostrils  are  filled  with  diflferent  odorous 
substances  there  is  no  mixture  of  the  odors,  but  we  smell  sometimes  the  one  and  sometimes  the 
other  (  VaientinY  [Some  substances  appear  to  affect  some  regions  of  the  olfactory  membrane, 
while  others  afiect  other  parts.]  The  sense  of  smell,  however,  is  very  soon  blunted,  or  even 
paralyzed.  [It  can  be  blunted  or  fatigued  in  a  few  minutes ;  but  after  it  is  completely  fatigued 
it  can  recover  in  a  minute.]  Morphia,  when  mixed  with  a  little  sugar  and  taken  as  snuff, 
paral3rzes  the  olfactory  apparatus,  while  strychnin  makes  it  more  sensitive  (^Lichtenfels  and 
Frdhluh), 

The  sensory  nerves  of  the  nasal  mucous  membrane  (§  347,  II)  [/.^.,  those 
supplied  from  the  fifth  cranial  nerve]  are  stimulated  by  irritating  vapors,  and 
may  even  cause  pain,  e.g.y  ammonia  and  acetic  acid.  In  a  very  diluted  condi- 
tion they  may  even  act  on  the  olfactory  nerves.  The  nose  is  useful  as  a  sentinel 
for  guarding  against  the  introduction  of  disagreeable  odors  and  foods.  The 
sense  of  smell  is  aided  by  the  sense  of  taste,  and  conversely. 

[Flavor  depends  on  the  sense  of  smell,  and,  to  test  it,  use  substances,  solid 
or  fluid,  with  an  aroma  or  bouquet^  such  as  wine  or  roast  beef. 

[Method  of  Testing. — In  doing  so,  avoid  the  use  of  pungent  substances  like  ammonia, 
which  excite  the  fifth  nerve.  Use  some  of  the  essential  volatile  oils,  such  as  cloves,  bergamot, 
and  th^  foetid  gum  resins,  or  musk  and  camphor.  Electrictd  stimuli  are  not  suitable.  Action 
of  Drugs,  \  343] 

Comparative. — In  the  lowest  vertebrata,  pits,  or  depressions  provided  with  an  olfactory 
nerve,  represent  the  simplest  olfactory  organ.     Amphioxus  and  the  cyclostomata  have  only  one 
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olhciot?  [ut ;  all  olher  vertcbntei  have  two.     In  Kime  aninuU  (frog)  the  noM  CMDmmucMi 
with  the  moDth  by  ducti.     The  olfactory  nerve  is  absent  in  the  whale. 

Historical. — RuFub  Ephesim  (97  a.  d.)  described  the  puaage  of  the  ol&ctcry  nave  thnngh 
the  ethmoid  bone.  Rudius  (1600)  dissected  the  body  of  a  man  with  congeiiitsl  anosmia,  i> 
whom  the  olfactory  nerres  were  absent.  Magendie  or^nally  supposed  tbat  Sie  oaul  bnndi  oT 
the  tifth  was  the  nerve  of  smel],  a  view  nicccaifully  combated  by  EscbrichL] 


The  Sense  of  Taste. 

433.  STRUCTURE  OF  THE  GUSTATORY  ORGANS.— Gas- 

tatory  Region. — There  is  considerable  difference  of  opinion  as  to  wfaU  re- 
gions of  the  mouth  are  endowed  with  taste  :  (i)  The  root  of  the  tongue  in  tbc 
neighborhood  of  the  circumvallate  papillse,  the  area  of  dtstribntion  of  the 
glosso- pharyngeal  nerve,  is  undoubtedly  endowed  with  taste  (§  351).  The  fili- 
form papillx  and  about  30  per  cent,  of  the  fungiform  do  not  administer  to  taste 
\0(hrwali).  (1)  The  tip  and  mai^ins  of  the  tongue  are  gustatory  by  means  of  the 


^-U' 


papilbe  on  2,  the  fpi^form  papilla;  3,  base  of  3;  4,  small  filifbrao  papilla, 
fungiform  papillse,  but  there  are  very  considerable  variations.  (3)  The  lateral 
part  of  the  soft  palate  and  the  glosso-palatine  arch  are  endowed  with  taste  from 
the  glosso-pharyngeal  nerve.  (4)  It  is  uncertain  whether  the  haxd  palate  and 
the  entrance  to  the  larynx  are  endowed  with  taste  {Driehmd).  The  middle  of 
the  tongue  is  not  gustatory. 

[Tongue — Mucoua  Membrane. — The  structure  of  the  tongue,  is  a 
muscular  organ  covered  with  mucous  membrane,  has  already  been  described 
(§  155).  The  dorsal  surface  of  the  tongue,  in  front  of  the  blind  foniiien,  U 
beset  with  elevations  of  the  mucous  membrane,  which  extend  to  its  tip  and 
borders.  These  elevations,  or  papillae,  are  of  three  kinds :  filiform,  ^ngi- 
form,  and  circum  vail  ate.  They  consist  of  elevations  of  the  mucous  mem- 
biane,  visible  to  the  naked  eye,  and  covered  by  stratified  squamous  epithcliam, 
while  the  central  core  of  connective  tissue  contains  blood-  and  lymph-vessels 
and  nerves.  The  filiform  papillae  occur  over  the  whole  tongue,  and  are 
smallest  and  most  numerous.  They  are  conical  eminences,  covered  by  stratified 
squamous  epithelium,  and  often  beset  with  secondary  papillx  (fig.  744),  Tbe 
fungiform  papillae  occur  chiefly  over  the  middle  and  front  part  of  the 
tongue,  and  are  not  so  numerous  as  the  last.  They  are  club-shaped,  with  a 
narrow  base,  and  broad,  expanded,  rounded  head.     They  also  have  secondarr 
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papilliG.  They  are  geneially  brighter  red  than  the  others  (fig.  745).  The 
circumvallate  papillse,  8  to  12  in  Dumber,  diverge  from  the  forameD 
cxcuro  at  the  back  part  of  the  tongue  in  two  rows  in  the  form  of  a  wide  V, 


K 

Fig.  746. 

1.  Tnuuvene  sectioD  of  ■  ciicomTaJlate  papilla;  W,  the  papilla;  v,,  Vi,  Use  wall  in  tectiMi, 
R,  R,  the  cirailar  *lil  or.  fossa;  K,  K,  tbe  UMe-bolbt  in  poutioa;  N,  N,  the  nervsk 
I[.  Isolated  taste-balb;  D.iupportiQg  or  protecliTe  cells;  K.loweTeDd;  E, free  end, open, 
with  the  projecting  apices  of  ihe  taite-cell*.  III.  Isolated  pro'lective  cell  (d)  with  a  taste 
cell  (<). 

the  open  angle  of  the  V  beiiw  directed  forwards.    They  are  large,  with  a  broad 

expanded  top,  and  are  lodged  in  a  depression  of  the  muCous  membrane,  being 

surrounded  by  a  wall  of  mucous 

membrane,  and  separated  from 

it  by  a  circular  trench,  into  the 

base  of  which  gland-ducts  often 

open,  'niey  have  numerous  sec- 
ondary papillse,  and  in  them  are 

taste-buds,  fig.  746,  I.]  Epiihrfiud. 

.    Taste-bulbs.— The    e  n  d  - 

organs  of  the  gustatory  nerves 

are  the  taste-bulbs  or  taste-buds 

discovered    by   Schwalbc    and 

J-iov&a  (1867).     They  occur  on 

the  lateral  surfaces  of  the  cir 
cumvallate  papillae  (fig  746  I) 
and  upon  the  opposite  s  de  K 
of  the  fossa  or  capillary  slit 
R,  R.,  which  surrounds  the  cen 
tral  eminence  or  papilla  they 
occur  more  nrely  on  the  surface 
They  also  occur  in  the  fiing  form  p. 

papillae,  in  the  papillse  of  the 

soft  palate  and  uvula  (A   Hoff    ^'f-  ^  "'^''°"  "'   ^  "P"  °f   >'<  J-'P'""  f"''"' 
«a««),on  the  under  surface  of       ^^^_,.^  ^,tr.^t:  T^nU^:^  ^=17 
the   epiglottis,  the  upper  part  of        ^oas  gland,  and  part  of  its  duct,  « ;  M,  muscuUr 
the  posterior  surface  of  the  epi-       tibrei  of  the  tongue, 
glottis,  and  the  inner  side  of  the 

arytenoid  cartilages  {Versan,  Davis),  and  on  the  vocal  cords  {Simanowsky). 
Many  buds  or  bulbs  disappear  in  old  age. 
66 
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[In  the  rabbit  and  some  other  animals,  there  is  a  folded  laminated  organ  on 
each  side  of  the  posterior  part  of  the  tongue,  called  the  papilla  foliata ;  the 
folds  have  on  each  side  of  them  numerous  taste-buds  (fig.  746).] 

Structure  of  the  Taste-bulbs. — They  are  8i  m  high  and  33  pl  thick,  barrel- 
shaped  and  embedded  in  the  thick  stratified  squamous  epithelium  of  the  tongue. 
Each  bulb  consists  of  a  series  of  lancet-shaped,  bent,  nucleated,  outer  support- 
ing or  protective  cells,  arranged  like  the  staves  of  a  barrel  (fig.  746,  II,  D, 
isolated  in  III,  a),  They  are  so  arranged  as  to  leave  a  small  opening,  or  the 
**  gustatory  pore,'*  at  the  free  end  of  the  bulb.  Surrounded  by  these  cclk, 
and  lying  in  the  axis  of  the  bud,  are  i  to  10  gustatory  cells  (II,  E,  some  oif 
which  are  provided  with  a  delicate  process  (III,  e)  at  their  free  ends  while  their 
lower  fixed  ends  send  out  basal  processes,  which  become  continuous  with  the 
terminations  of  the  nerves  of  taste,  which  have  become  non-medullated.  Alter 
section  of  the  glosso-pharyngeal  nerve^  the  taste-buds  degenerate,  while  the  pro- 
tective cells  become  changed  into  ordinary  epithelial  cells  within  four  months 
{v,  Vintschgau  and  Hdnigschmied),  Very  similar  structures  were  found  by 
Leydig  in  the  skin  of  fresh-water  fishes.  The  glands  of  the  tongue  and  their 
secretory  fibres  from  the  9th  cranial  nerve  are  referred  to  in  §  141  (^Z>rasck), 

423.  GUSTATORY  SENSATIONS.— Varieties.— There  are  >rr 

different  gustatory  qualities,  the  sensations  of — 

1.  Sweet.  3.  Acid. 

2.  Bitter.  4.  Saline. 

Acid  and  saline  substances  at  the  same  time  also  stimulate  the  sensoryHenres  of 
the  tongue,  but  when  greatly  diluted,  they  only  excite  the  end-organs  of  the 
specific  nerves  of  taste.  Perhaps  there  are  special  nerve-fibres  for  each  different 
gustatory  quality  {v,  Vintschgau). 

Conditions. — Sapid  substances,  in  order  that  they  may  be  tasted,  require 
the  following  conditions :  They  must  be  dissolved  in  the  fluid  of  the  mouth, 
especially  substances  that  are  solid  or  gaseous.     The  intensity  of  the  gustatory 
sensation  depends  on  :  i.  The  size  of  the  surface  acted  on.     Sensation  is  fisivored 
by  rubbing  in  the  substance  between  the  papillae ;  in  fact,  this  is  illustrated  in 
the  rubbing  movements  of  the  tongue  during  mastication  (§  354).     2.  The  cen- 
centration  of  the  sapid  substance  is  of  great  importance.     Valentin  found  that 
the  following  series  of  substances  ceased  to  be  tasted  in  the  order  here  stated, 
as  they  .were  gradually  diluted — syrup,  sugar,  common  salt,  aloes,  quinine,  nl- 
phuric  acid.     Quinine  can  be  diluted  20  times  more  than  common  salt  and  still 
be  tasted  {Camerer),     3.  The  time  which  elapses  between  the  application  of 
the  sapid  substance  and  the  production  of  the  sensation  varies  with  different 
substances.   Saline  substances  are  tasted  most  rapidly  (after  o.  1 7  second,  accord- 
ing to  V.  Vintschgau),  then  sweet,  acid,  and  bitter  (quinine  after  o.  258  second, 
z/.  Vintschgau),     This  even  occurs  with  a  mixture  of  these  substances  {Sckirmer), 
The  last-named  substances  produce  the  most  persistent   "  after- taste."    4. 
The  delicacy  of  the  sense  of  taste  is  partly  congenital,  but  it  can  be  greatly  im- 
proved by  practice.     If  a  person  continues  to  taste  the  same  sapid  substance, 
or  a  nearly  related  one,  or  even  any  very  intensely  sapid  substance,  the  gustatory 
sense  is  soon  affected,  and  it  becomes  impossible  to  give  a  correct  judgment  as 
to  the  taste  of  the  sapid  body.    5.  Taste  is  greatly  aided  by  the  sense  of  smeD, 
and  in  fact  we  often  confound  taste  with  smell ;  thus,  ether,  chloroform,  musk^ 
and  assafoetida  only  affect  the  organ  of  smell.     [The  combined  action  of  taste 
and  smell  in  some  cases  gives  rise  to  flavor   (p.  1039).]    The  ejt  even  roav 
aid  the  determination,  as  in  the  experiment  where  in  rapidly  tasting  red  aad 
white  wine  one  after  the  other,  when  the  eyes  are  covered,  we  soon  become 
unable  to  distinguish  between  the  one  and  the  other.     6.  The  most  advantage^ 
ous  temperature  for  taste  is  between  10*^  to  35*^  C. ;  hot  and  cold  water  tem- 
porarily paralyze  taste. 
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[Oehrwall  and  others,  by  applying  to  the  back  of  the  tongue  different  solu- 
tions by  means  of  a  fine  brush,  found  that  certain  filiform  papillae  reacted  only 
to  sugar,  and  not  to  tartaric  acid,  some  which  reacted  to  the  application  of 
quinine,  but  not  to  tartaric  acid,  and  others  which  reacted  to  quinine,  but  not 
to  sugar.  By  means  of  electrical  stimulation  bitter,  saline,  or  sweet  tastes  could 
be  produced.  With  the  constant  current  the  purest  sensation  occurred  at  the 
anode.] 

[The  peculiar  '*  metallic  taste  "  which  accompanies  diffuse  electrical  stimu- 
lation of  the  gustatory  mucous  membrane  is  a  mixed  sensation  due  to  bitter, 
saline,  and  sensory  impressions.  Continued  stimulation  excites  fatigue  of  cer- 
tain tastes.  These  results  may  be  explained  by  supposing  that  there  are  specific 
end-organs  administering  to  the  several  varieties  of  taste,  and  which  are  dis- 
tributed in  different  proportions  in  the  different  papillae.] 

.  Ice  placed  od  the  tongue  suppresses,  sometimes  entirely,  the  whole  gustatory  apparatus ;  cocain 
alone^  bitter  tastes,  and  water  containing  2  per  cent,  of  H^SO^,  excite  afterwards  a  sweet  taste 
(Aducco  and  Mosso), 

Electrical  Current. — The  constant  current,  when  applied  to  the  tongue,  excites,  both  dur- 
ing its  passage  and  when  it  is  opened  or  closed,  a  sensation  of  acidity  at  the  -|-  pole,  and  at  the 
—  pole  an  alkaline  taste,  or,  more  correctly,  a  harsh  burning  sensation  {Suiter,  1752).  Thu  is 
not  due  to  the  action  of  the  electrolytes  of  the  fluid  in  the  mouth,  for  even  when  the  tongue  is 
moistened  with  an  acid  fluid  the  alkaline  seiu^tion  is  .experienced  at  the  —  pole  ( Vblia).  We 
cannot,  however,  set  aside  the  supposition  that  perhaps  electrolytes,  or  decomposition  products, 
may  be  formed  in  the  parts  and  excite  the  gustatory  fibres.  Rapidly  interrupted  currents  do 
not  excite  taste  (GrUnhagen),  V.  Vintscl^u,  who  has  only  incomplete  taste  on  ^e  tip  of  the 
tongue,  finds  that  when  the  tip  of  the  tongue  is  traversed  by  an  electrical  current,  there  is  never 
a  gustatory  sensation,  but  always  a  distinct  tactile  one.  In  experiments  on  Hdnigschmied,  who 
is  possessed  of  normal  taste  in  the  tip  of  the  tongue,  there  was  often  a  metallic  or  add  taste  at 
the  -\-  pole  on  the  tip  of  the  tongue,  while  at  the  —  pole  taste  was  often  absent,  and  when  it  was 
present  it  was  almost  always  alkaline,  and  acid  only  exceptionally.  After  interrupting  the  cur- 
rent there  was  a  metallic  after-taste  with  both  direcdons  of  the  current. 

[Testing  Taste. — Direct  the  person  to  put  out  his  tongue  and  close  his 
eyes,  and  after  drying  the  tongue  apply  the  sapid  substance  by  means  of  a 
glass  rod  or  a  small  brush.  Try  to  confine  the  stimulus  as  much  as  possible  to 
one  place,  and  after  each  experiment  rinse  the  mouth  with  water.  A  wine- 
taster  chews  an  olive  to  '*  clean  the  palate,*'  as  he  says.  For  testing  biiUr  taste 
use  a  solution  of  quinine  or  quassia ;  for  sweet,  sugar  [or  the  intensely  sweet 
substance  ''saccharine"  obtained  from  coal  tar];  saline,  common  salt;  and 
add,  dilute  citric  or  acetic  acid.     The  galvanic  current  may  also  be  used.] 

Pathological. — Diseases  of  the  tongue,  as  well  as  dryness  of  the  mouth,  caused  by  interfer- 
ence with  the  salivary  secretion,  interfere  with  the  sense  of  taste.  Subjective  gustatory  im- 
pressions are  common  amongst  the  insane,  and  are  due  to  some  central  cause,  perhaps  to  irrita- 
tion of  the  centre  for  taste  ({  378,  IV,  3^.  After  poisoning  with  santonin,  a  bitter  taste  is  ex- 
perienced, while  after  the  subcutaneous  injection  of  morphia,  there  is  a  bitter  and  acid  taste. 
The  terms  hypergeusia,  hypogeusia,  and  ageusia  are  applied  to  the  increase,  diminution, 
and  abolition  of  the  sense  of  taste.  Many  tactile  impressions  on  the  tongue  are  frequently  con- 
founded with  gustatory  sensations,  e.g.,  the  so-called  biting,  cooling,  prickling,  sandy,  mealy, 
astringent,  and  harsh  tastes. 

Comparative. — About  1760  taste-bulbs  occur  on  the  circumvallate  papillae  of  the  ox.  The 
term  papilla  foliata  is  applied  to  a  large  folded  gustatory  organ  placed  laterally  on  the  side  of 
the  tongue  (fig.  747),  especially  of  the  rabbit  {Rapp,  1832),  which  in  man  is  represented  by  analo- 
gous organs,  composed  of  longitudinal  folds,  lying  in  the  fimbriae  linguae  on  each  side  of  the  pos- 
terior part  of  the  tongue  (JCrause  v.  Wyss).  Taste-bulbs*are  absent  in  reptiles  and  birds.  They 
are  numerous  in  the  gill-slits  of  the  tadpole  {F.  E,  Schullze),  while  the  tongue  of  the  frog  is 
covered  with  epithelium  resembling  gustatory  cells  (Billroth,  Axel  Key).  The  goblet-shaped 
organs  in  the  skin  of  fishes  and  tadpoles  have  a  structure  similar  to  the  taste-bidbs,  and  may 
perhaps  have  the  same  function.    There  are  taste-bulbs  in  the  mouth  of  the  carp  and  ray. 

Historical.— Bellini  regarded  the  papillae  as  the  organs  of  taste  (171 1).  Richerand,  Mayo, 
and  Fodera  thought  that  the  lingual  was  the  only  nerve  of  taste,  but  Magendie  proved  that,  after 
it  was  divided,  the  posterior  part  of  the  tongue  was  still  endowed  with  taste.  Panizza  (1834) 
described  the  glosso-pharyngeal  as  the  nerve  of  taste,  the  gustatory  as  the  nerve  of  toucn,  and 
the  hypoglossal  as  the  motor  nerve  of  the  tongue. 
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The  Sense  of  Touch. 

434.  TERMINATIONSOP  SENSORY  NERVES.— I.  The  touch- 
corpuscles  of  Wagner  and  Meissner  lie  in  the  papillEc  of  the  cutis  ven 

(S  3S3),  and  are  most  numerous  in   the  palm  of  the  hand  and  the  sole  of  the 
foot,  especially  in  the  fingers  and  toes,  there  being  about   21  to  every  square 
millimetre  of  skin,  or  108  to  400  of  the  papillee  containing  blood-vessels.    The)' 
are  less  abundant  on  the  back  of  the  hand  and  foot,  mamma,  lips,  and  tip  of 
the  tongue,  rare  on  the  glans  clitoridis,  and  occur  singly  and  scattered  on  the 
volar  side  of  the  fore-arm,  even   in  the  anthropoid  apes.     They  are   oval  or 
elliptical  bodies,  40-300  ju  long  [-^  in.],  and  60-70  ;i  broad  [j^  to  -g^  in.], 
and  are  covered  externally  by  layers  of  connective- tissue  arranged  transveTselj 
in  layers,  and  within  is  a  granular  mass  with  elongated  striped  nuclei  (&gs.  ^^&, 
749',  £).     One  to  three  tnedullated  nerve-fibres  pass  to  the  lower  end  of  each 
corpuscle,  and  surround  it  in  a  spiral  manner  two  or  three  times ;  the  fibra 
then  lose  their  myelin,  and,  after  dividing  into  4  to  6  fibrils,  branch  within  the 
corpuscle.    The  exact  mode  of  termination  of  the  fibrils  is  not  known.    S<»ne 
observers  suppose  that  the  transverse  fibrillation  is  due  to  the  coils  or  windings 
of  the  nerve-fibrils ;    while  according  to   others,  the  inner  part  consists  of 
numerous  fjattened  cells  ly- 
ing one  over  the  other,  be- 
tween which  the  pale  ta- 
minal  fibres  end  either  in 
swellings  or  with  disc-tike 
expansions,  such  as  occur  in 
Merkel's  corpuscles. 


Fig.  748.  Fig.  749. 

Fig.  74S, — Vertical  section  oflheskin  of  theptim  of  the  bftnd.  a,  blood-Tesseli ;  i.  papillid 
the  cutis  vera;  c,  capillary;  J,  nerve-hbre  passing  to  a  toiich.corpasc]e;  ^  Derre.fitrt 
divided  transreisely  ;  e,  Wagner's  touch-coqHisde ;  g,  cells  of  the  Malpigbian  lajer  of  lit 
sliiD.  Fig.  749. — Wagner'a  louch-corpuacle  fmm  the  palm,  treated  witb  gold  chlcride;  a, 
nerve-fibres;  a,  a,  groups  of  glomenili. 

[These  do  not  contain  a  soft  core  such  as  exists  in  PftCmi's  corpuscles.  The  coipdsdes  ifff 
to  consist  of  connective  tissue  with  imperfecl  septa  passing  into  the  interior  fnnn  the  flmM 
capsule.  After  the  nerve-libre  enteis  it  loses  its  myelin,  and  then  branches,  while  the  biaaAei 
'  imose  and  follow  a  s(Hral  course  within  the  corpuscle,  linallj'  to  leimiDate  at  slight  enlirje- 
.  According  to  Thin,  there  are  simple  and  compound  corpuscles,  depending  on  the  naste 
■ve-fibtes  entering  tbem.] 
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Kollmann  describes  three  special  Isctile  areas  id  the  hand  :  (l)  The  lips  or  the  fingers  with 
24  touch -corpuscles  in  a  length  of  ■□  ami. ;  (2)  the  three  emiaences  lylDg  on  the  palm  behind 
the  slits  between  the  lingers,  with  5.4-1.7  touch -corpuscles  in  the  satne  length;  aod  (3)  the 
ball  or  the  thumb  and  little  flnger  with  3.1-3.5  touch -corpuscles.  The  Rnt  two  areas  also  con- 
Uia  manjF  of  the  corpuscles  of  Voter  or  Pacini,  white  in  the  Utter  these  corpuscles  are  fewer  and 
scattered.     In  the  other  puts  of  the  hand  the  nervous  eod-oigini  are  much  le»  developed. 

2.  Vater's  (1741)  or  Pacini's  corpuscles  are  oval  bodies  (fig.  750), 
j-i  mm.  long,  lying  in  the  subcutaneous  tissue  on  the  nerves  of  the  fingers 
and  toes  (600-1400),  in  the  neighborhood  of  joints  and  muscles,  the  sympa- 
thetic abdominal  plexuses,  near  the  aorta  and  coccygeal  gland,  on  the  dorsum 
of  the  penis  and  clitoris,  and  in  the  mesocolon  [and  mesentery]  of  the  cat. 
[They  also  occur  in  the  course  of  the  intercostal  and  periosteal  nerves,  and 
Stirling  has  seen  them  in  the  capsule  of  lymphatic  glands.  They  are  attached 
to  the  nerves  of  the  hand  and  feet,  and  are  so  large  as  to  be  visible  to  the 
naked  eye,  both  in  these  regions  and  between  the  layers  of  the  mesentery  of 
the  cat.  They  are  whitish  or  somewhat  transparent,  with  a  white  line  in  the 
centre  (cat) ;  in  man,  they  are-jV  to  A  inch  long,  and  ^to^  inch  broad, 
and  are  attached  by  a  stalk  or  pedicle  (fig.  750,  a)  to  the  nerve.]  They  consist 
'    '    '  lective -tissue  capsules 

elium,  separated  from 
;  one  within  the  other 
vhile  in  the  axis  is  a 
ed  nerve-fibre  passes 
Schwann  unites  with 
I'elin,  and  passes  into 
linder  (fig.  750,  e), 
II  knob  or  may  divide 
I,  each  branch  termi- 
A  enlargement.  [Each 
f  40-50  lamellEB,  or 
d  closer  to  each  other 
n  in  the  outer  part, 
i  wider  apart.  The 
Ee   in   the  lamellated 


Fig.  750-  Fig- 75'-  Fig- 751- 

F"ig.  7S°' — Voter's  or  Ptcitii's  corpuscle,     a,  stalk  ;  b,  nerve-fibre  entering  it  j  c,  d,  cc 

lisiue  eavelope;  f,  axis-cylinder,  with  its  end  divided  at/  Fig.  751-— End-bulb  from 
human  conjunctiva,  a,  nucleated  capsule;  b,  core;  c,  fibre  enteiiiiK  and  branchiiig,  ter- 
minating in  core  at  J.     Fig.  752. — Tactile  corpuscles  (clitoris  of  rabbit). 

sheath  of  a  nerve,  and  are  composed  of  an  elastic  basis  mixed  with  white  fibres 
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of  connective-tissue,  while  the  inner  surface  of  each  lamellae  is  lined  by  a  single 
continuous  layer  of  endothelium  continuous  vith  that  of  the  perineurium.  It 
is  easily  stained  with  silver  nitrate.  The  efferent  nerve-fibre  is  covered 
with  a  thick  sheath  of  lamellated  con  nee  live -tissue  (sheath  of  Henle),  which 
becomes  blended  with  the  outer  lamellse  of  the  corpuscle.  The  medullated 
nerve  is  sometimes  accompanied  by  a  blood-vessel,  and  pierces  the  various 
tunics,  retaining  its  myelin  until  it  reaches  the  core,  where  it  terminates  as 
already  described.] 

3.  Krause's  end-bulbs  very  probably  occur  as  a  regular  mode  of  nene- 
terminalion  in  the  cutis  and  mucous  membranes  of  all  mammals  (fig.  751). 
They  are  elongated,  oval,  or  round  bodies,  0.075  '°  ''■'^  '"™'  '""S-  ■°**  ^*'' 
been  found  in  the  deeper  layers  of  the  conjunctiva  bulbi,  floor  of  the  moolh, 
margins  of  the  lips,  nasal  mucous  membrane,  epiglottis,  fiingifonn  and  cir- 
cumvallate  papilla:,  glans  penis  and  clitoris,  volar  surface  of  the  toes  of  the 
guinea-pig,  ear  and  body  of  the  mouse,  and  in  the  wing  of  the  bat.  {In  the 
calf  the  "cylindrical  end-bulbs  "  are  oval,  with  a  nerve-fibre  termioating 
within  them.  The  sheath  of  Henle  becomes  continuous  with  the  nucleated 
capsule,  while  the  axial  cylinder,  devoid  of  its  myelin,  is  continued  into  the 
soft  core.     In  man  the  end-bulbs  are  "spheroidal,*'  and  consist  of  a  nucleated 


A-  « 


P 


Fig.  754- 

Ticiile  corpuiclet  from  the  dock's  tm^ne. 

A,  compoud   of  three  c«lb   with  tm 

''8-  753-  interposed  discs,  with  BxixyliDdeT,  ■, 

Vertical  section  of  the  epithelium  of  the  cornea  pasung  into  them.     B,  two  tactile  celb 

nerve  endings  in  the  comea.  and  oae  disc 

connective- tissue  capsule  continuous  with  Henle's  sheath  of  the  nerve,  and. 
enclosing  many  cells,  amongst  which  the  axis-cylinder  which  enters  the  balb 
branches  and  terminates.]  The  spheroidal  end-bulbs  occur  in  man,  in  the 
nasal  mucous  membrane,  conjunctiva,  mouth,  epiglottis,  and  the-mucous  folds 
of  the  rectum.  According  to  Waldeyer  and  Longworth,  the  nerve-Gbrib 
terminate  in  the  cells  within  the  capsule.  These  cells  are  said  to  be  comparaUe 
to  Merkel's  tactile  cells  (^IVdiieyer). 

The  genital  corpuscles  of  Krause,  which  occur  in  the  skin  and  mucous 
membrane  of  the  glans  penis,  clitoris,  and  vagina,  appear  to  be  end-bulbs  ntore 
or  less  fused  together  (fig,  752)- 

The  articulation  nerve- corpuscles  occur  in  the  synovial  mucous  mem- 
brane of  the  joints  of  the  fingers.  They  are  larger  than  the  end-bulbs,  and 
have  numerous  oval  nuclei  externally,  while  one  to  four  nerve-fibres  enter 
them. 

4.  Tactile  or  touch-corpuscles  of  Merkel,  sometimes  also  called  the 
corpuscles  of  Grandry,  occur  in  the  beak  and  tongue  of  the  duck  and 
goose,  in  the  epidermis  of  man  and  mammals,  and  in  the  outer  root-sheath  of 
tactile  hairs  or  feelers  (lig.  754).  They  are  small  bodies  composed  of  a  capsule 
enclosing  two,  three,  or  more  large,  granular,  somewhat  flattened,  nucleated 
and  nucleolated  celts,  piled  one  on  the  other  in  a  vertical  row,  like  a  row  of 
cheeses.     Each  corpuscle  receives  at  one  side  a  medullated  nerve-fibre,  which 
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loses  its  myelin,  and  branches,  to  terminate,  according  to  some  observers 
(^Merkel),  in  the  cells  themselves,  and  according  to  others  {Jianvier,  Iiqui- 
erdo,  Hesse),  in  the  protoplasmic  transparent  substance  or  disc  lying  between 
the  cells.  [This  intercellular  disc  is  the  "  disc  tactil "  of  Ranvier,  or  the 
"Tastplafte"  of  Hesse,]  When  there  is  a  great  aggregation  of  these  cells, 
large  structures  are  formed,  which  appear  to  form  a  kind  of  transition  between 
these  and  touch-corpuscles.  [According  to  Klein,  the  terminal  fibrils  end  neither 
in  the  touch-cells  nor  tactile  disc,  but  in  minute  swellings  in  the  interstitial  sub- 
stance between  the  touch-cells,  in  a  manner  very  similar  to  that  occurring  in 
the  end-bulbs.] 

[Acconliiig  lo  M«kel,  lactik  celli,  either  iioUled  or  ia  groupa,  but  in  the  Utter  cue  never 
forming  in  independent  end-orgao,  occur  in  the  deeper  lifers  of  Ihe  efndemiii  of  nun  and 
in&mmils  and  also  id  the  papillte.     Thef  consitt  of  round  or  fluk-stuped  celli,  with  the  lower 

Eointed  neck  of  the  fluk  conllnuoui  with  the  axiscjptinder  of  i  nerve-libte.  They  are  regarded 
•f  Merkel  u  the  simplest  Itain  of  a  tactile  end-oigan,  but  their  existence  ii  doubted  by  some 
obserreis,] 

Amongst  animals  there  are  many  other  forms  of  sensory  end-organs. 
[Herbst's  corpuscles  occur  in  the  mucous  membrane  of  the  tongue  of  the 
dock,  and  resemble  sinall  Vater's  corpuscles,  but  their  lamellae  are  thinner  and 
nearer  each  other,  while  the  axis-cylinder  within  the  central  core  is  bordered 
on  each  side  by  a  row  of  nuclei.]  In  the  nose  of  the  mole  there  is  a  peculiar 
end-organ  {Bimer),  while  there  are  " end-eapsuUs"  in  the  penis  of  the  hedge- 
hog and  the  tongue  of  the  elephant,  and  "  nerve-rings  "  in  the  ears  of  the 
mouse. 

5.  [Other    Modes   of  Ending  of  Sensory  Nerves. — Some  sensory 
nerves  terminate  not  by  means  of  special  end-organs,  but  their  axis-cylinder 
splits  up  into  fibrils  to  form  a  nervous  network,  from   which  fine  fibrils 
are  given   off  to  terminate  in  the  tissue  in 
which  the  nerve  ends.     These  fibrils,  as  in 
the  cornea  (g  384),  terminate  by  means  of 
free   ends  between   the    epithelium  on    the 
anterior  surface  of  the  cornea  (fig.  753)  and 
some  observers  state  that  the  free  ends  are 


Fig.  75s. 
Boucbon  epidennique  from  tbe  nose  of  a  gninea-pig,  ^>E'  75^- 

■fter  Ihe  action  of  gold  chloride.      «,  nerre-libTe;  Terminalion  of  nene-fibrei,  (a)  in  a 
a,  tactile  cells;  m,  tactile  discs;  c,  epithelial  cells.  b*ir-follicte,  (>)  sebaceous  gland. 

provided  with  small  enlargements  (" toutt>ns  terminals")  (fig.  755,  a). 
These  enlargements  or  "  tactile  cells  "  occur  in  the  nose  of  the  guinea-pig 
and  mole.  A  similar  mode  of  termination  occurs  between  the  cells  of  the 
epidermis  in  man  and  mammals  (fig.  357.)] 
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[6.  In  Hair- follicles. — ^A  meduUated  nerve-fibre  passes  to  a  hair-follicle 
immediately  below  the  entrance  of  the  duct  of  the  sebaceous  gland,  where  it 
loses  its  myelin  and  divides,  giving  rise  to  circular  and  longitudinal  fibres.  The 
longitudinal  fibres,  which  are  always  inside  the  circular  fibres,  run  towards  the 
surface  of  the  skin  in  the  folds  of  the  vitreous  lamina,  and  end  about  the  same 
level  in  flattened  expansions,  which,  however,  are  best  seen  in  a  transverse 
section  of  a  hair-follicle  {Ranvier),'] 

7.  Tendons,  especially  at  their  junction  with  muscles,  have  special  end-organs  {Sacks,  Rd- 
lettf  Golgi)i  which  assume  various  forms ;  it  may  be  a  network  of  primitive  nerve-fibrils  (%. 
383),  or  flattened  end-flakes  or  plates  in  the  stemo-radial  muscle  of  the  frog,  or  elongated  o^ 
end  bulbs,  not  unlike  the  end-bulbs  of  the  conjunctiva,  or  small  simple  Pacinian  corpnscks. 

Pms  found  ganglion  cells  more  frequently  in  the  subcutaneous  tissue  than  in  the  coriom,  aod 
they  appeared  to  Imve  some  relation  to  the  blood-vessels  and  sweat-glands. 

425.  SENSORY  AND  TACTILE  SENSATIONS.— In  the  sensc^ 
nerve-trunks  there  are  two  functionally  different  kinds  of  nerve-fibres :  (i) 
Those  which  administer  X.o  painful  impressions,  which  are  sensory  nerves  in  the 
narrower  sense  of  the  word ;  and  (2)  those  which  administer  to  tactile  impres- 
sions and  may  therefore  be  called  tactile  nerves.  The  sensations  of  temper- 
atore  and  pressure  are  also  reckoned  as  belonging  to  the  tactile  group.  It 
is  extremely  probable  that  the  sensory  and  tactile  nerves  have  different  end* 
organs  and  fibresi  and  that  they  have  also  special  perceptive  nerve-centres  in 
the  brain,  although  this  is  not  definitely  proved.  This  view,  however,  is  ap- 
ported  by  the  following  facts  :^ 

I.  That  sensory  and  tactile  impressions  cannot  be  discharged  at  the  same 
time  from  all  the  parts  which  are  endowed  with  sensibility.  Tactile  sensations, 
including  pressure  and  temperature,  are  only  discharged  from  the  coverings  of 
the  skin,  the  mouth,  the  entrance  to  the  floor  of  the  nose,  the  pharynx,  the 
lower  end  of  the  rectum  and  genito-urinary  orifices ;  feeble  indistinct  sensa- 
tions of  temperature  are  felt  in  the  oesophagus.  Tactile  sensations  ai^  absent 
from  all  internal  viscera,  as  has  been  proved  in  man  in  cases  of  gastric,  intes- 
tinal, and  urinary  fistulse.  Pain  alone  can  be  discharged  from  these  organs.  2. 
The  conduction  channels  of  the  tactile  and  sensory  nerves  lie  in  dififerent  parts 
of  the  spinal  cord  (§  364,  i  and  5).  This  renders  probable  the  assompdoD 
that  their  central  and  peripheral  ends  also  are  different.  3.  Very  probably  the 
reflex  acts  discharged  by  both  kinds  of  nerve-flbres — the  tactile  and  pathic— 
are  controlled,  or  even  inhibited,  by  special  central  nerve-organs  (§  361).  4. 
Under  pathological  conditions,  and  under  the  action  of  narcotics,  the  one  sen- 
sation may  be  suppressed  while  the  other  is  retained  (§  364,  5). 

Sensory  Stimuli, — In  order  to  discharge  a  painful  impression  from  sensory 
nerves,  relatively  strong  stimuli  are  required.  The  stimuli  may  be  mechanical, 
chemical,  electrical,  thermal,  and  somatic,  the  last  being  due  to  inflammarion 
or  anomalies  of  nutrition  and  the  lik^. 

Peripheral  Reference  of  the  Sensations. — These  nerves  are  excitable 
along  their  entire  course,  and  so  is  their  central  termination,  so  that  pain  may  be 
produced  by  stimulating  them  in  any  part  of  their  course,  but  this  pain,  according 
to  the  **law  of  peripheral  perception,"  is  always  referred  to  the  periphery. 

The  tactile  nerves  can  only  discharge  a  tactile  impression  or  sensation  of 
contact  when  moderately  strong  mechimical  pressure  is  exerted,  while  thermal 
stimuli  are  required  to  produce  a  temperature  sensation,  and  in  both  cases  the 
results  are  obtained  only  when  the  appropriate  stimuli  are  applied  to  the  eod- 
organs.  If  pressure  or  cold  be  applied  to  the  course  of  a  nerve-trunk,  ^./.,  to 
the  ulna  at  the  inner  surface  of  the  elbow-joint,  we  are  conscious  of  painful 
sensations,  but  never  of  those  of  temperature,  referable  to  the  peripheral  ter- 
minations of  the  nerves  in  the  inner  fingers.  All  strong  stimuli  disturb  nomul 
tactile  sensations  by  over-stimulation,  and  hence  cause  pain. 
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The  law  of  the  specific  energy  of  nerves  leads  us  to  assume  that  the  cuta- 
neous nerves  contain  different  kinds  of  nerve-fibres  with  different  kinds  of  end- 
organs,  which  subserve  different  kinds  of  impressions,  e.g.,  pressure,  tempera- 
ture, and  pain.  Blix  and  Goldscheider  have  found  such  differences.  Electrical 
stimulation  causes  different  sensations  according  to  the  part  of  the  skin  where 
it  is  applied ;  at  one  spot,  pain  only  is  produced,  at  another  a  sensation  of  cold, 
at  a  third  a  sensation  of  heat,  and  at  a  fourth  a  sensation  of  pressure.  At  every 
temperature  point  or  spot,  there  is  insensibility  for  pain  or  pressure.  The 
'*  pressure-points  "  or  pressure-spots  lie  much  closer  together,  and  are  more 
numerous  than  the  temperature-points.  There  are  special  *' pain-spots " 
and  even  ''tickling-spots.''  These  spots  are  arranged  in  a  linear  chain, 
which  usually  radiates  from  the  hair-follicles.  The  "  tickling-spots  "  coincide 
with  the  pressure  and  pain-spots.  The  feeling  of  tickling  corresponds  to  the 
feeblest  stimulation  of  a  nerve-fibre,  and  pain  to  the  strongest.  The  pain-spots 
can  be  isolated  by  means  of  a  needle,  or  electrically,  especially  in  the  cutaneous 
furrows,  in  which  the  pressure-sense  is  absent. 

Goldscheider  removed  from  his  own  body  small  pieces  of  skin,  in  which  he  had  previously 
ascertained  the  presence  of  these  '*  spots,"  and  then  investigated  the  excised  skin  microscopic- 
ally. At  each  such  spo.t  he  found  a  rich  supply  of  nerves ;  at  the  pressure  spots,  there  were  no 
touch-corpuscles. 

[By  means  of  the  skin,  impressions  are  supplied  also  to  the  brain,  whereby  we  become  con- 
scious of  the  amount  and  direction  of  a  body  moved  in  contact  with  the  skin.  Indeed,  the  dis- 
criminative sensibility  is  more  acute  for  motion  than  for  touch ;  but  the  liability  to  error  in  judging 
of  the  dbtance  and  direction  is  great  {Hall),'] 

[Very  complex  sensations  are  obtained  by  means  of  the  combined  action  of  the  skin  and 
muscles,  e.g.^  those  known  as  *'  feelings  of  double  contact."  These  sensations  are  of  the 
greatest  advantage  in  acquiring  the  use  of  instruments  and  tools.  If  we  touch  an  object  with  a 
rod,  we  seem  to  feel  the  object  at  the  point  of  the  rod,  and  not  in  the  hand  where  the  cutaneous 
nerves  are  actually  stimulated.  With  a  walking-stick,  we  feel  the  ground  at  the  end  of  the  stick. 
Touch  the  tips  of  the  hair,  or  a  tooth,  and  the  sensation  is  referred  to  the  tips  of  the  hair  in  the 
one  case,  and  the  crown  of  the' tooth  in  the  other  {Ladd),"] 

426.  SENSE  OF  LOCALITY.— We  are  not  only  able  to  distinguish 
differences  of  pressure  or  temperature  by  our  sensory  nerves,  but  we  are  able  to 
distinguish  the  part  which  has  been  touched.  This  capacity  is  spoken  of  as  the 
sense  of  space  and  locality. 

Methods  of  Testing. — i.  Place  the  two  blunted  points  of  a  pair  of  compasses  (Bg.  757) 
upon  the  part  of  the  skm  to  be  investigated,  and  determine  the  smallest  distance  at  which  the 
two  points  are  felt  only  as  ^m^  impression.  Sieveking's'ssUieskMneter 
may  be  used  instead  (fig.  758) ;  one  of  the  points  is  movable  along  a 
graduated  rod,  while  me  other  is  fixed.  2.  The  distance  between  the 
points  of  the  instrument  being  kept  the  same,  touch  several  parts  of  the 
skin,  and  ask  if  the  person  feels  the  impression  of  the  points  coming 
nearer  to  or  going  wider  apivt.  3.  Touch  a  part  of  the  skin  with  a  blunt 
instrument,  and  observe  if  the  spot  touched  is  correctly  indicated  by  the 
patient.  4.  Separate  the  points  of  two  pairs  of  compasses  unequally,  and 
place  their  points  upon  different  parts  of  the  skin,  and  ask  the  person  to 
state  when  the  points  of  both  appear  to  be  equally  apart.  A  distance  of  4 
lines  on  the  forehead  appears  to  be  equal  to  a  distance  of  2.4  lines  on  the 
upper  lip.    This  is  Fechner's  *<  method  of  equivalents." 

The  following  results  have  been  obtained.  The  sense  of 
locality  of  a  part  of  the  skin  is  more  acute  under  the  follow- 
ing conditions : — 

I  •  The  greater  the  number  of  tactile  nerves  in  the  corre- 
sponding part  of  the  skin.  Pig.  757, 

2.  The  greater  the  mobility  of  the  part ,  so  that  it  increases        v^thesiometer. 
in  the  extremities  towards  the  fingers  and  toes.     The  sense 
of  locality  is  always  very  acute  in  parts  of  the  body  that  are  very  rapidly  moved 
(  Vierordt^, 
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3.  The  sensibility  of  the  limbs  is  finer  in  the  transverse  axis  than  in  the  long 
axis  of  the  limb,  to  the  extent  of  ^tb  on  the  flexor  surface  of  the  upper  limb, 
and  ^ih  on  the  extensor  surface. 

4.  The  mode  of  application  of  the  points  of  the  xsthesiometer  :  (a)  Accord- 
ing as  they  are  applied  one  after  the  other,  instead  of  simultaneously,  or  as  tbev 
are  considerably  warmer  or  colder  than  the  skin  (_Xiug),  a  person  may  db- 
tinguish  a  less  distance  between  the  points.  (^)  If  we  begin  with  the  points 
wide  apart  and  approximate  them,  then  we  can  distinguish  a  less  distance  than 
when  we  proceed  from  imperceptible  distances  to  larger  ones,  (c)  If  tbe 
one  point  is  warm  and  the  other  cold,  on  exceeding  the  next  distance  n 
feel  two  impressions,  but  we  cannot  rightly  judge  of  their  relative  positions 
(Curmai). 

5.  Sxereise  greatly  improves  the  sense  of  locality  ;  hence  the  extraordinary 
acuteness  of  this  sense  in  the  blind,  and  the  improvement  always  occurs  on  both 
sides  of  the  body  (^Volkmann'). 

[Fr.  Gallon  finds  thu  the  reputed  iacreiied  ACDleDcai  of  the  other  scutes  in  the  oue  of  tbe 
blind  is  not  so  great  u  is  genenlly  alleged.  He  teated  a  large  nnmba  of  boyi  at  an  edncatioiul 
blind  aiylam,  with  the  mult  that  the  peribnnancei  of  the  bknd  boys  were  by  no  means  tagfot 


Fig-  758. 

jEttbesiometer  of  Sicvekii^. 

to  those  oi  ottier  boys.  He  points  ont,  hovreier,  that  "  the  guidance  of  the  blind  dependi 
nudnlj  on  tbe  multitade  of  collateral  indications,  to  which  they  give  modi  heed,  and  not  in  riidr 
supenoriiy  in  any  one  of  them."] 

6.  Moistening  t\\t3V.va  with  indifferent  fluids  increases  the  acateness.  If,  how- 
ever, the  skill  between  two  points,  which  are  still  felt  as  two  distinct  objects,  be 
slightly  tickled,  or  be  traversed  by  an  imperceptible  electrical  current,  the  im- 
pressions become  fused  (Suslowa).  The  sense  of  locality  is  rendered  more 
acute  at  the  cathode  when  a  constant  current  is  used  {Suslowa'),  and  when  the 
skin  is  congested  by  stimulation  {KUnkenberg'),  and  also  by  slight  stretching  erf 
the  skin  {Schmey) ;  further,  by  baths  of  carbonic  acid  (w.  Batch  and  v.  Diet!), 
or  warm  common  salt,  and  temporarily  by  the  use  of  caffein  {Rump/). 

7.  Antsmia,  produced  by  elevating  the  limbs,  or  venous  hyperemia  (by  ccaa- 
pressing  the  veins),  blunts  the  sense,  and  so  does  too  frequent  testing  of  the 
sense  of  locality,  by  producing  fatigue.  The  sense  is  also  blunted  by  cold 
applied  to  the  skin,  the  influence  of  the  anode,  strong  stretching  of  the  skin, 
as  over  the  abdomen  during  pregnancy,  previous  exertion  of  the  muscles  under 
the  part  of  the  skin  tested,  and  some  poisons,  e.g.,  atropin,  daturin,  morphia, 
strychnin,  alcohol,  potassium  bromide,  cannabin,  and  chloral  hydrate. 
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Smallest  Appreciable  Distance. — The  following  statement  gives  the 
smallest  distance,  in  millimetres,  at  which  two  points  of  a  pair  of  compasses  can 
still  be  distinguished  as  double  by  an  adult.  The  corresponding  numbers  for 
'a.  boy  twelve  yeara  of  age  are  given  within  brackets. 


Eyelid 

C«olr«  of  hard  plate 

Lower  third   of   ibe    (oft-arm, 
volir  lurbce 


■s-» 


8 :9.i 


Inner  nirfice  of  the  lip, 
Bebuid  the  zygoma,  .  , 
Forehead 

Back  of  the  hand,  .  .  . 
Under  the  chin,  .... 

Vertex, 

Knee, 

Sacrum,  gluteal  region, _- 

Fore-aim  and  leg 45.1    '35.8 


31.6 
33-8 
33-8 

36.1    3i.< 
44.6    — ' 


■3} 


Tipof  tongue I.l  [l.l] 

Third   phalanx  of  filler,  Tolar 

wrface, i.-a.3  [1.7] 

Red  part  of  the  lip, 4.S  [3-9] 

Second  phalanx  of  finger,  Tolar 

wrface, 4,-4.5  [3.9] 

Pint   phalanx   of   finger,   volar 

surface, 5--5-S 

Third  phalanx  of  tinger,  dorsal 

aurfBce, 6.8  [4.5] 

Tip  of  noie, 6.8  [4.5] 

Head  of  metacarpal  bone  volar,  J.-6.8  [4.5] 

Ball  of  thumb 6.5-7. 

Ball  of  little  linger, 5.5-6. 

Centre  of  palm 8.-9. 

Donom   and   tide   of  toiqiue, 

white  of  the  lipi,  metacarpal 

part  of  the  thumb, 9.    [6.S] 

Third  phalanx  of  the  great  toe, 

plantar  surface 11.3  [6.8] 

Second  [Aalanx  of  the  fingers, 

dorsal  iDTface 11.3  [9.] 

B»cV .         ti.3.19.] 

IllusioDa  of  the  senae  of  locality  occnr  very  frequently;  the  moat  marked  are :  (1)  A 
nnifonn  moreroenC  over  a  cutaneous  surface  qipean  to  be  quicker  in  thOM  places  which  have  the 
lineat  sense  of  locality,  (a)  If  we  merely  Ivuth  the 
skin  with  the  two  pranti  of  an  lesthesiometer,  then 
tb«7  feel  as  if  they  were  wider  apart  than  when  the 
two  wriots  are  mmed  along  the  skin  [^Feehner).  (3) 
A  apkere,  when  touched  with  short  rods,  feels  larger 
than  when  long  rods  are  used  (  Tourtual).  (4)  When 
the  fingers  of  one  hand  are  crosted,  a  small  pebble  or  < 


Neck,  . 

Back  at  the  fifth  doisal  vertebra, 
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Fig-  759- 
Aristotle's  experiment. 


operated  on  fects,  often  for  a  long  time,  the 
new  nasal  part  as  if  it  were  bii  forehead. 

Theoretical — Nnmerons  experitnents  were  made 
by  E.  H.  Weber,  Lotze,  Meiuner,  Ciermak,  and  otheri 
to  explain  the  phervomena  of  the  sense  of  space, 
Wcber'a  theory  goes  upon  tbe  assumption,  thai  one 
and  the  same  nerve-Hbre  proceeding  from  the  brain  to 
the  skin  can  only  take  np  one  kind  of  impression,  and 
admininer  thereto.  He  Called  the  {wrt  of  the  skin  to 
-which  each  single  nerve-fibre  is  distribijted  a  "  circle  of  aenaation."  When  two  stimuli  act 
simultaneously  upon  the  tactile  end-o^an,  then  a  double  sensation  is  felt,  when  one  or  more 
circles  of  sensation  lie  between  the  two  paints  Mimulated.  This  explanation,  based  upon  ana- 
tomical considtntioos,  does  not  explain  how  it  it  that,  with  practice,  the  circles  of  wniation 
become  smaller,  and  also  how  it  is  that  only  ant  sensation  occurs,  when  both  points  of  the 
instnunents  are  so  applied,  that  both  points,  althoi^h  further  apart  than  the  diameter  of  a  circle 
of  sensation,  at  one  time  lie  upon  two  adjoining  circles,  at  another  between  two  others  with 
another  circle  intercalated  between  them. 

Wundt's  Theory. — In  accordance  with  the  conclusions  of  Lotie,  Wundt  proceeds  from  n 
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psycho  physiological  basis,  that  every  part  of  the  skin  with  tactile  sensibility  always  conveys  to 

the  brain  the  locality  of  the  sensation.     Every  cataoeoos 
,  ,,.^  area,  therefore,  gives  to  the  tactile  sensation  a  **  hcul 

. .'.  ;*..•*•*.*•  •;•.•.!•       color^*  or  quality,  which  is  spoken  of  as  the  local  sign. 

•*•?***;..,'•<,        •:•/*':*••        •*--;>'>^      He  assumes  that  this  local  color  diminishes  from  point 

.•/•./••.^''•'T        *?/•:.■'•'••'*.        '•Ti^i'!'        '®  point  of  the  skin.    This  gradation  is  very  sodden  is 

;'.•'  v/*.«        r'*'*.'^*'  V;  those  parts  of  the  sldn  where  the  sense  of  space  is  veiy 

acute,  but  occurs  very  gradually  where  the  sense  of 

a  i'  c  space  is  more  obtuse.     Separate  impressions  unite  into 

Fio-  7*60  ^  common  one,  as  soon  as  the  gradation  of  the  loc^ 

^'  '  color  becomes  imperceptible.     By  practice  and  attenricio 

Pressure-spots,    a^  middle  of  the  sole  differences  of  sensation  are  experienced,  which  oidi- 

of  the  loot ;    b,  skin  of  zygoma ;    ^,  narily  are  not  observed,  so  that  he  explains  the  dnuiH- 

skin  of  the  back.  tion  of  the  circles  of  sensation  by  practice.     The  ckde 

of  sensation  is  an  area  of  the  skin,  within  which  the 
local  color  of  the  sensation  changes  so  little  that  two  separate  impressions  fuse  iqtb  om. 

427.  PRESSURE  SENSE.— By  the  sense  of  pressure  we  obtain  s 
knowledge  of  the  amount  of  weight  or  pressure  which  is  being  exercised  at  the 
time  on  the  different  parts  of  the  skin. 

A  specific  cnd-apparaius  arranged  in  a  punctiform  manner  is  contacted  imik 
the  pressure  sense  (fig.  760).  These  points  or  spots  are  called  *•  pressure- 
spots"  or  *•  pressure-points"  (^Blix),  and  are  endowed  with  varying  d^jees 
of  sensibility ;  at  some  places  (back,  thigh)  they  are  distinguished  by  a  markedly 
pronounced  after-sensation.  The  arrangement  of  the  pressure-spots  foUovs 
the  type  of  the  arrangement  of  the  temperature-spots.  The  pressure-^x>ts  have 
usually  another  direction  than  that  of  hot  and  cold  spots ;  as  a  rule,  they  are 
denser.  The  minimal  distance  at  which  two  pressure-spots,  when  simulta- 
neously stimulated,  are  felt  as  double,  is — on  the  back,  4  to  6  mm. ;  breast, 
0.8  ;  abdomen,  1.5  to  2 ;  cheek,  0.4  to  0.6 ;  upper  arm,  0.6  to  0.8 ;  fore-ann, 
0.5  ;  back  of  the  hand,  0.3  to  0.6;  palm,  o.i  to  0.5  ;  leg,  0.8  to  2 ;  back  of 
foot,  0.8  to  I  ;  sole  of  foot,  0.8  to  i  mm. 

Methods. — i.  Place,  on  the  part  of  the  skin  to  be  investigated,  different  weights,  oDe  after 
the  other,  and  ascertain  what  perceptions  they  give  rise  ^,  and  the  sense  of  the  diffiereaoe  gf 
pressure  to  whidi  they  give  rise.  We  must  be  careful  to  eyclude  difoences  of  tempcratnre  and 
prevent  the  displacement  of  the  weights — the  weights  must  always  be  placed  on  the  aaae  ^pot. 
and  the  skin  should  be  covered  beforehand  with  a  disc»  while  the  muscular  sense  ibmI  be 
eliminated  ({  430).  [This  is  done  by  supporting  the  hand  or  part  of  the  skin  whidi  is  beiag 
tested,  so  that  the  action  of  all  the  muscles  is  excluded.]  a.  A  process  is  attadied  to  a  hajanrf 
and  made  to  touch  the  skin,  while  by  placing  weights  in  the  scale-pan  or  removing  theoi,  we 
test  what  differences  in  weight  the  person  experimented  on  is  able  to  distinguish  {DtJkrm\  %. 
In  order  to  avoid  the  necessity  of  changing  the  weights,  A.  Eulenhmg  invented  his  ban^t- 
thesiometer,  which  is  constructed  on  the  sameprind^e  as  aqxral  spring  paper-clip  or 
There  is  a  small  button  which  rests  on  the  skin  and  is  depressed  by  the  sprii^.  An  ii 
shows  at  once  the  pressure  in  grams,  and  the  instrument  is  so  arranged  that  the 
can  be  very  easily  varied.  4.  Goltz  uses  a  palsating  elastic  tube,  in  which  he  can 
waves  of  different  height.  He  tested  how  high  the  latter  must  be  before  they  are  cxpcneaoei 
as  pulse-waves,  when  the  tube  is  placed  upon  the  skin.  In  estimating  both  the  premne  seas 
and  temperature  sense,  it  is  best  to  proceed  on  the  principle  of  **the  least  psrccptsbfe 
difference,  u  e,,  the  different  pressures  or  temperatures  are  graduated,  either  begmning  wik 
^real  differences,  or  prodeeding  from  the  smaliesi  difference,  and  determining  the  limit  at  wU^ 
the  person  can  distinguish  a  difference  in  the  sensation. 

Results. — I.  The  smallest  perceptible  pressure^  when  applied  to  different  pare 
of  the  skin,  varies  very  greatly  according  to  the  locality.  The  greatest  acutencss 
of  sensibility  is  on  the  forehead,  temples,  and  the  back  of  the  hand  ami  ibre- 
arm,  which  perceive  a  pressure  of  0.002  grm. ;  the  fingers  first  feel  with  a  weight 
of  0.005  to  0.015  grm. ;  the  chin,  abdomen,  and  nose  with  0.04  to  0.05  grm. ; 
the  finger  nail  i  grm.  {Kammler  and Auberf), 

The  greater  the  sensibility  of  the  skin,  the  more  rapidly  can  stimuli  succeed  each  other,  m^ 
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sdil  be  perceived  as  single  iiii|>ressk>ns ;  52  stimuli  per  second  may  be  a  pplied  to  the  volar  side 
of  the  npper  arm,  61  on  the  back  of  the  hand,  70  to  the  tips  of  the  fingers,  and  still  be  felt 
singly  (B/ock), 

2.  Intermittent  variations  of  pressure,  as  in  Goltz's  tube,  are  felt  more 
acutely  by  the  tips  of  the  fingers  than  with  the  forehead. 

3.  Differences  between  two  weights  are  perceived  by  the  tips  of  the  fingers 
when  the  ratio  is  29  :  30  (in  the  fore-arm  as  18.2  :  20),  provided  the  weights 
are  not  too  light  or  too  heavy.  In  passing  from  the  use  of  very  light  to  heavy 
weights,  the  acuteness  or  fineness  of  the  perception  of  difference  increases  at 
once,  but  with  heavier  weights,  the  power  of  distinguishing  differences  rapidly 
diminishes  again  (^.  Herit^y  BiedermatuCs,  This  observation  is  at  variance 
with  the  psycho-physical  law  of  Fechner  (§  383). 

4.  A.  Eulenburg  found  the  following  gradations  in  the  fineness  of  the  pres- 
sure sense :  The  forehead,  lips,  dorsum  of  the  cheeks,  and  temples  appreciate 
differences  of  A  to  ^  (200  :  205  to  300  :  310  grm.).  The  dorsal  surfiice  of  the 
last  phalanx  ^  the  nngers,  the  fore-arm,  hand,  ist  ahd  2d  phalanx,  the  volar 
sur&ce  of  the  hand,  fore-arm,  and  upper  arm,  distinguish  differences  of  -^  to  ^ 
(200  :  220  to  220  :  210  grm.).  The  anterior  surface  of  the  leg  and  thigh  are 
similar  to  the  fore-arm.  Then  follow  the  dorsum  of  the  foot  and  toes,  the 
sole  of  the  foot,  and  the  posterior  surface  of  the  leg  and  thigh.  Dohm  deter- 
mined the  smallest  additional  weight,  which,  when  added  to  i  gnn.  already 
resting  on  the  skin,  was  appreciated  as  a  difference,  and  he  found  that  for  the 
3d  phalanx  of  the  finger  it  was  0.499  S^'^v  ^'^  of  the  foot,  0.5  grm. ;  2d 
phalanx,  0.771  grm. ;  ist  phalanx,  0.02  grm. ;  leg,  i  grm. ;  back  of  the  hand, 
1.156  grm.;  palm,  1.018  grm.;  patella,  1.5  grm.;  fore-arm,  x.99  grm.;  umbil- 
icus, 3.5  grms.;  and  the  back,  3.8  grms.  The  small  fine  hairs  of  the  skin  are 
especially  sensitive  to  pressure  {^Blaschko), 

5.  Too  long  time  must  not  elapse  between  the  application  of  two  successive 
weights,  but  100  seconds  may  elapse  when  the  difference  between  the  weights 
is  4  :  5  (^.  H.  Weber). 

6.  The  sensation  of  an  after-pressure  is  very  marked,  especially  if  the 
weight  is  considerable  and  has  been  applied  for  a  length  of  time.  But  even 
light  weights,  when  applied,  must  be  separated  by  an  interval  of  at  least  -^  to 
,-f^  second,  in  order  to  be  perceived.  When  they  are  applied  at  shorter  inter- 
val, the  sensations  become  fused.  When  Valentin  pressed  the  tips  of  his 
fingers  against  a  wheel  provided  with  blunt  teeth  he  felt  the  impression  of  a 
sfnooth  margin,  when  the  teeth  were  applied  to  the  skin  at  the  intervals  above 
mentioned ;  when  the  wheel  was  rotated  more  slowly,  each  tooth  gave  rise  to  a 
distinct  impression.  Vibrations  of  strings  are  distingubhed  as  such  when  the 
number  of  vibrations  is  1506  to  1552  per  second  (v.  Wittich  and  Grunhagen). 

7.  It  is  remarkable  that  pressure  produced  by  the  uniform  compression  of  a 
part  of  the  body,  e.  g.y  by  dipping  a  finger  or  arm  in  mercury,  is  not  felt  as  such ; 
the  sensation  is  felt  only  at  the  limit  of  the  fluids  on  the  volar  surface  of  the 
finger,  at  the  limit  of  the  surface  of  the  mercury. 

428.  TEMPERATURE  SENSE.— The  temperature  sense  makes  us 
acquainted  with  the  variations  of  the  heat  of  the  skin. 

A  specific  end-apparcUus  arranged  in  a  puncti/orm  manner  is  connected  with 
the  temperature  sense, 

Thes^  ''  temperature  spots  "  are  arranged  in  a  linear  manner  or  in  chains, 
which  are  usually  slightly  curved  (figs.  761,  762,  763).  They  generally  radi- 
ate from  certain  points  of  the  skin,  usually  the  hair-roots.  The  chain  of  the 
•*  cold-spots"  usually  does  not  coincide  with  those  of  the  **  hot-spots," 
although  the  point  from  which  they  radiate  may  be  the  same.  Frequently, 
these  punctuated  lines  are  not  complete,  but  they  may  be  indicated  by  scattered 
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points,  between  which,  not  unfrequently,  points  or  spots  for  other  qualities  of 
sensation  may  be  intercalated.  Near  the  hairs  there  are  almost  always  temper- 
ature-spots. In  parts  of  the  skin,  where  the  temperature  sensibility  is  dight, 
the  temperature-points  are  present  only  near  the  hairs. 

The  sensation  of  cold  occurs  at  once,  while  the  sensation  of  heat  develops 
gradually.  Mechanical  and  electrical  stimulation  also  excite  the  sensation  of 
temperature.  A  gentle  touch  of  the  temperature-spots  is  not  perceived ;  these 
points  seem  to  be  anaesthetic  towards  pressure  and  pain.  As  a  general  rule, 
the  cold-spots  are  more  abundant  over  the  whole  body — there  are  more  of  them 
in  a  given  area — while  the  hot-spots  may  be  quite  al^nt.  The  hot-spots  are, 
as  a  rule,'  perceived  as  double  at  a  greater  distance  apart  than  the  cold -spots. 
The  minimal  distance  on  the  forehead  is  0.8  mm.  for  the  cold-spots  and  4  to  5 
mm.  for  the  warm-spots ;  on  the  breast  the  corresponding  numbers  are  2  and  4 
to  5  ;  back,  1.5  to  2  and  4  to  6 ;  back  of  hand,  a  to  3  and  3  to  4 ;  palm,  0.8  to 
2  ;  thigh  and  leg,  2  to  3  and  3  to  4  mm. 

To  test  the  hot-  and  cdld-spots,  use  a  hot  or  cold  metallic  rod  ;  at  the  cold- 
spots  when  they  are  lightly  touched,  only  the  sensation  of  cold  will  be  felt,  and 
a  corresponding  effect  with  a  hot  rod  at  the  hot-spots.  Both  spots  are  insensible 
to  objects  of  the  same  temperature  as  the  skin. 
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Fig.  761.  Fig.  762. 

Fig.  761. — A,  cold-spots,  B,  hot-spots,  from  the  volar  surface  of  the  teriDinal  phalanx  of  tbe 
index-finger  to  the  margins  of  the  nail.  Fig.  762. — C,  cold-spots,  and  D,  wanD-spob  of 
the  radial  half  of  the  dorsal  surface  of  the  wrist.  The  arrow  indicates  the  direcdoo  m 
which  the  hair  points. 

According  to  E.  Hering,  what  determines  the  sensation  of  temperature  is 
the  temperature  of  the  thermic  end -apparatus  itself,  /.  /.,  its  zero-temperatnre. 
As  often  as  the  temperature  of  a  cutaneous  area  is  adaz'e  its  zero-tempera- 
ture, we  feel  it  as  warm;  in  the  opposite  case,  cold.  The  one  or  the  other  sen- 
sation is  more  marked,  the  more  the  one  or  other  temperature  varies  from  the 
zero-temperature.  The  zero-temperature  can  undergo  changes  within  consider- 
able limits,  owing  to  external  conditions. 

Methods  of  Testing. — To  the  surface  of  the  skin  objects  of  the  same  size  and  with  die  suae 
thermal  conductivity  are  applied  successively  at  different  temperatures :  i.  NoClraagel  oso  shU 
wooden  cups  with  a  metallic  base,  and  filled  with  warm  and  cold  water,  the  temperature  bea^ 
registered  by  a  thermometer  placed  in  the  cups.  [a.  Clinically,  two  test-tubes  filled  with  coU 
and  warm  water,  or  two  spoons,  the  one  hot  and  the  other  cold,  may  be  used.] 

Results. — I.  As  a  general  rule,  the  feeling  of  cold  is  produced  when  a  body 
applied  to  the  skin  robs  it  of  heat ;  and,  conversely,  we  have  a  sensaticm  oi 
warmth  when  heat  is  communicated  to  the  skin. 

2.  The  greater  the  thermal  conductivity  of  the  substance  touching  the  skin, 
the  more  intense  is  the  feeling  of  heat  or  cold  (§  218). 

3.  At  a  temperature  of  i5.5°-35*^  C,  we  distinguish  distinctly  differences  ot 
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temperature  of  o.2°-o.r6°  R.  with  the  tips  of  the  fingers  (E.  H.  Weber). 
Temperatures  just  below  that  of  the  blood  iz'^-^'f  C. — Nothnagel')  are  distlo- 
guished  most  distinctly  by  the  most  sensitive  paits,  even  to  differences  of  0.05" 
C.  (^Lindermann).  Differences  of  temperature  are  less  easily  made  out  when 
dealing  with  temperatures  of  33''-39°,  as  well  as  between  li^-if  C,  A  tem- 
perature of  55°  C,  and  also  one  a  few  degrees  above  zero  (3.8°  C),  cause  dis- 
tinct pain  in  addition  to  the  sensation  of  temperature. 

4.  The  sensibility  for  cold  is  generally  greater  than  for  warmth, — that  of  the 
left  hand  is  greater  than  the  right  (^Goldsckeider),  The  different  parts  of  the 
skin  also  vary  in  the  acuteness  of  their  thermal  sense,  and  in  the  following 
order :  Tip  of  the  tongue,  eyelids,  cheeks,  lips,  neck,  and  body.  The  percep- 
tible minimum  Nothnagel  found  to  be  0.4°  on  the  breast ;  0.9°  on  the  back  ; 
0.3°  back  of  the  hand;  0.4"  palm;  o.a"  arm;  0.4'*  back  of  the  foot;  0.5" 
thigh;  0.6°  leg;  o.4''-o.»''  cheek;  o,4''-o.3''  C.  temple.     The  thermal  sense 
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Fig.  763. 
Cold-  and  faot-lpoti  from  Ibe  lame  part  of  the  Rnterior  lurface  of  ihe  fore-arm.    a,  cold-spots ; 
i,  hot.spots.     The  dark  pam  are  Ihe  moil  i;iuiiiiiie,the  hatched  Ihe  medium,  the  dotted  the 
feeble,  and  the  Ticant  ipsce*  the  bon-Mniidve. 

is  less  acute  in  the  middle  line,  e.  g.,  the  nose,  than  on  each  side  of  it  {E.  H. 
Weber).  Fig.  763  shows  that  in  one  and  the  same  portion  of  skin,  the  cold- 
and  hot-spots  are  differently  located,  1.  e.,  their  different  topography. 

If  the  mucous  memtiraiie  of  Ihe  mouth  be  pencilled  with  a  10  per  ceot.  solulioo  of  cocaio, 
tbe  sensibility  for  hut  is  abolished;  the  cooline  Kiualioii  of  mcotbol  depe   ' 
tion  of  the  cold  nerves;  CO,  applied  lo  the  sitio  e:    ''""'""  "" 

5.  Differences  of  temperature  are  most  easily  perceived  when  the  same  part 
of  the  skin  is  affected  successively  by  objects  of  different  temperature.  If, 
however,  two  different  temperatures  act  simultaneously  and  side  by  side,  the 
impressions  are  apt  to  become  fused,  especially  when  the  two  areas  are  very 
near  each  other. 

6.  Practice  improves  the  temperature  sense ;  congestion  of  venous  blood  in 
the  skin  diminishes  it ;  diminution  of  the  amount  of  blood  in  the  skin  improves 
it  {At.  Aisberg).  When  iarge  areas  of  the  skin  are  touched,  the  perception  of 
differences  is  more  acute  than  with  small  areas.     Rapid  variations  of  the  tern- 
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perature  produce  more  intense  sensations  than  gradual  changes  of  temperature. 
Fatigue  occurs  soon. 

Illusions  are  yery  common :  i .  The  sensations  of  heat  and  cold  sometimes  alternate  in  t 
paradoxical  manner.  When  the  skin  is  dipped  first  into  water  at  10®  C.  we  feel  cold,  and  if  k 
be  then  dipped  at  once  into  water  at  16^  C,  we  have  at  first  a  feeling  of  warmth,  hot  soon  again 
of  cold.  3.  The  same  temperature  applied  to  a  large  surface  of  the  skin  is  estimated  to  be  greater 
than  when  it  is  applied  to  a  small  area,  e.  ^.,  the  whole  band  when  placed  in  water  at  29.5^  C 
feels  warmer  than  when  a  finger  is  dipped  into  water  at  32*'  C.  3.  Cold  weights  are  judged  to 
be  heavier  than  warm  ones. 

Pathological. — ^Tactile  sensibility  is  only  seldom  Mirr^'^^^(hyperp8elaphesia),  bnt  great 
sensibility  to  difiiereBces  of  temperature  is  manifested  by  areas  of  the  skin  whose  epidemic  is 
partly  removed  or  altered  by  vesicants  or  herpes  zoster,  and  the  same  occurs  in  some  cases  of 
locomotor  ataxia ;  while  the  sense  of  locality  is  rendered  more  acute  in  the  two  former  cases  and 
in  erysipelas.  An  abnormal  condition  of  the  sense  of  locality  was  described  by  Brown-S^uard, 
where  three  points  were  felt  when  only  two  were  applied,  and  two  when  one  was  applied  to  the 
skin.  Landois  finds  that  in  himself  pricking  the  skin  of  the  sternum  over  the  angle  of  Lado- 
vicus  is  always  accompanied  by  a  sensation  in  the  knee.  [Some  persons,  when  cold  water  is 
applied  to  the  scalp,  have  a  sensation  referable  to  the  skin  of  the  loins  {Siirliftff).^  A  remark- 
able variation  of  the  sense  of  locality  occurs  in  moderate  poisoning  with  morphia,  where  the 
person  feels  himself  abnormally  large  or  greatly  diminished.  In  degeneration  of  the  pcMterior 
columns  of  the  cord,  Obersteiner  ol^ierved  that  the  patient  was  unaUe  to  say  whether  his  right  or 
left  side  was  touched  (*'  allochiria  ").  Ferrier  observed  a  case  where  a  stinralus  applied  to  the 
right  side  was  referred  to  the  left,  and  tnce  versA. 

Diminution  and  paralysis  of  the  tactile  sense  (Hypopselaphesia  and  Apselaphesia] 
occur  either  in  conjunction  with  simultaneous  injury  to  the  sensory  nerves,  or  alone.  It  is  rare  to 
find  that  one  of  the  qualities  of  the  tactile  sense  is  lost,  e,g,f  either  the  tactile  sense  or  the  sense  of 
temperature — a  condition  which  has  been  called  **  partial  tactile  paralysis*^  Limbs  which  are 
*'  sleeping*^  feel  heat  and  not  cold  {Herten), 

429.  COMMON  SENSATION-^PAIN.^By  the  term  common 
sensation  we  understand  pleasant  or  unpleasant  sensations  in  those  parts  of 
our  bodies  which  are  endowed  with  sensibility,  and  which  are  not  referable  to 
external  objects,  and  whose  characters  are  difficult  to  describe,  and  cannot  be 
compared  with  other  sensations.  Each  sensation  is,  as  it  were,  a  peculiar  one. 
To  this  belong  pain,  hunger,  thirst,  malaise,  fatigue,  horror,  vertigo,  tickling, 
well-being,  illness,  the  respiratory  feeling  of  free  or  impeded  breathing. 

Pain  may  occur  wherever  sensory  nerves  are  distributed,  and  it  is  invariably 
caused  by  a  stronger  stimulus  than  normal  being  applied  to  sensory  nerves. 
Every  kind  of  stimulation,  mechanical,  thefmal,  chemical,  electrical  as  well  as 
somatic  (inflammation  or  disturbances  of  nutrition),  may  excite  pain.  The 
last  appears  to  be  especially  active,  as  many  tissues  become  extremely  painfol 
during  inflammation  (e.  g, ,  muscles  and  bones),  while  they  are  companttivelj 
insensible  to  cutting.  Pain  may  be  produced  by  stimulating  a  sensory  nerve 
in  any  part  of  its  course,  from  its  centre  to  the  periphery,  but  the  sensation  is 
invariably  referred  to  the  peripheral  end  of  the  nerve.  This  is  the  law  of 
the  peripheral  reference  of  sensations.  Hence,  stimulation  of  a  nerve, 
as  in  the  scar  of  an  amputated  limb,  may  give  rise  to  a  sensation  of  pain  which 
is  referred  to  the  parts  already  removed.  Too  violent  stimulation  of  a  sensory 
nerve  in  its  course  may  render  it  incapable  of  conducting  impressions,  so  that 
peripheral  impressions  are  no  longer  perceived.  If  a  sufficient  stimulus  to 
produce  pain  be  then  applied  to  the  central  part  of  the  nerve,  such  an  impr^ 
sion  is  still  referred  to  the  peripheral  end  of  the  nerve.  Thus  we  explain  the 
paradoxical  anaesthesia  dolorosa.  In  connection  with  painful  impressions, 
the  patient  is  often  unable  to  localize  them  exactly.  This  is  most  easily  dcme 
when  a  small  injury  (prick  of  a  needle)  is  made  on  a  peripheral  part  When, 
however,  the  stimulation  occurs  in  the  course  of  the  nerve,  or  in  the  centre,  or 
in  nerves  whose  peripheral  ends  are  not  accessible,  as  in  the  intestines,  pain  (as 
belly-ache),  which  cannot  easily  be  localized^  is  the  result. 

Irradiation   of   Pain. — During  violent  pain   there   is  not  imfrequentJy 
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irradiation  of  the  pain  (§  364,  5),  whereby  localization  is  impossible.  It  is  rare 
for  pain  to  remain  continuous  and  uniform ;  more  generally  there  are  exacer- 
bations and  diminutions  of  the  intensity^  and  sometimes  periodic  intensification, 
as  in  some  neuralgias. 

The  intensity  of  the  pain  depends  especially  upon  the  excitability  of  the 
sensory  nerves.  There  are  considerable  individual  variations  in  this  respect, 
some  nerves,  e,  ^.,  the  trigeminus  and  splanchnic,  being  very  sensitive.  The 
larger  the  number  of  fibres  affected  the  more  severe  the  pain.  The  duration  is 
also  of  importance,  in  as  far  as  the  same  stimulation,  when  long  continued, 
may  become  unbearable.  We  speak  of  piercing,  cutting,  boring,  burning, 
throbbing,  pressing,  gnawing,  dull,  and  other  kinds  of  pain,  but  we  are  quite 
unacquainted  with  the  conditions  on  which  such  different  sensations  depend. 
Painful  impressions  are  abolished  by  anaesthetics  and  narcotics,  such  as 
ether,  chloroform,  morphia,  etc.  (§  364,  5). 

Methods  of  Testing. — To  test  the  cutaneous  sensibility,  we  usually  employ  the  constant  or 
induced  electrical  current.  Determine  first  the  minimum  sensibility^  i.  e.y  the  strength  of  the 
current  which  excites  the  first  trace  of  sensation,  and  also  the  minimum  of  pain ^  i,  e,,  the 
feeblest  strength  of  the  current  which  first  causes  d^nct  impressions  of  pain.  The  electrodes 
consist  of  thin  metallic  needles,  and  are  placed  I  to  2  cm.  apart. 

Pathological. — ^When  the  excitability  of  the  nerves  which  administer  to  painful  sensations  is 
increased,  a  slight  touch  of  the  skin,  nay,  even  a  breath  of  cold  air,  may  excite  the  most  violent 
pain,  constituting  cutaneous  h3rperalgia,  especially  in  inflammatory  or  exanthematic  conditions 
of  the  skin.  The  term  cutaneous  paralgia  is  applied  to  certain  anomalous,  disagreeable,  or 
painful  sensations  which  are  frequently  referred  to  the  skin — itching,  creeping,  formication, 
cold,  and  burning.  In  cerebro>spinal  meningitis,  sometimes  a  prick  in  the  sole  of  the  foot  pro- 
duces a  double  sensation  of  pain  and  a  double  reflex  contraction.  Perhaps  this  condition  may 
be  explained  by  supposing  that  in  a  part  of  the  nerve  the  condition  is  delayed  ({  337,  2\,  In 
neuralgia  there  is  severe  pain,  occurring  in  paroxysms,  with  violent  exacerbations  ana  pain 
shooting  into  other  parts  (p.  753).  Very  frequently  excessive  pain  is  produced  by  pressure  on 
the  nerve  where  it  inakes  its  exit  from  a  foramen  or  traverses  a  foscia. 

Valleix's  Points  Douloureux  (1841). — The  skin  itself  to  which  the  sensory  nerve  runs, 
especially  at  first,  may  be  very  sensitive ;  and  when  the  neuralgia  is  of  long  duration  the  sensi- 
bility  may  be  diminished  even  to  the  condition  of  analgesia  ( TUrck) ;  in  the  latter  case  there 
may  be  pronounced  anaesthesia  dolorosa  (p.  1056). 

Diminution  or  paralysis  of  the  sense  of  pain  (hypalgia  and  analgia)  may  be  due  to  affec- 
tions of  the  ends  of  the  nerves,  or  of  their  course,  or  central  terminations. 

Metalloscopy. — In  hysterical  patients  suffering  from  hemiansesthesia,  it^  is  found  that  the 
feeling  of  the  paralyzed  side  is  restored,  when  small  metallic  plates  or  larger  pieces  of  different 
metals  are  applied  to  the  affected  parts  {Burcq,  Charcot),  At  the  same  time  that  the  affected 
part  recovers  its  sensibility  the  opposite  limb  or  side  becomes  anaesthetic  This  condition  has 
been  spoken  of  as  transference  of  sensibility.  The  phenomenon  is  not  due  to  galvanic  currents 
developed  by  the  metals;  but  it  may  be,  perhaps,  explained  by  the  finct  that,  under  physio- 
logical conditions,  and  in  a  healthy  person,  every  increase  of  the  sensibility  on  one  side  of 
the  body,  produced  by  the  application  of  warm  metallic  plates  or  bandages,  is  followed  by  a 
diminution  of  the  sensibility  of  the  opposite  side.  Conversely,  it  is  found  that  when  one  side 
of  the  body  is  rendered  less  sensitive  by  the  application  of  cold  plates,  the  homologous  part  of 
the  other  side  becomes  more  sensitive  (Rumpf), 

430.  MUSCULAR  SENSE.— Muscular  Sensibility.— The  sensory 
nerves  of  the  muscles  (§  292)  always  convey  to  us  impressions  as  to  the  activity 
or  non-activity  of  these  organs,  and  in  the  former  case,  these  impressions 
enable  us  to  judge  of  the  degree  of  contraction.  It  also  informs  us  of  the 
amount  of  the  contraction  to  be  employed  to  overcome  resistance.  Obviously, 
the  muscular  sense  must  be  largely  supported  and  aided  by  the  sense  of  pres- 
sure, and  conversely.  E.  H.  Weber  showed,  however,  that  the  muscle  sense  is 
finer  than  the  pressure  sense,  as  by  it  we  can  distinguish  weights  in  the  ratio  of 
39  :  40,  while  the  pressure  sense  only  enables  us  to  distinguish  those  in  the 
ratio  of  29  :  30.  la  some  cases  there  has  been  observed  total  cutaneous  in- 
sensibility, while  the  muscular  sense  was  retained  completely.  A  frog  deprived 
of  its  skin  can  spring  without  any  apparent  disturbance.     The  muscular  sense 
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is  also  greatly  aided  by  the  sensibility  of  the  joints,  bones,  and  fasciae.  Many 
muscles,  e,  ^.,  those  of  respiration,  have  only  slight  muscular  sensibility,  while 
it  seems  to  be  absent  normally  in  the  heart  and  non -striped  muscle. 

[The  muscular  sense  stands  midway  between  special  and  common  sensations, 
and  by  it  we  obtain  a  knowledge  of  the  condition  of  our  muscles,  and  to  what 
extent  they  are  contracted ;  also  the  position  of  the  various  parts  of  oar  bodies 
and  the  resistance  offered  by  external  objects.  Thus,  sensations  accompanying 
muscular  movement  are  two-fold — {a)  the  movements  in  the  unopposed  mus- 
cles, as  the  movements  of  the  limbs  in  space ;  and  (Ji)  those  of  resistance  where 
there  is  opposition  to  the  movement,  as  in  lifting  a  weight.  In  the  latter  case 
the  sensations  due  to  innervation  are  important,  and  of  course  in  such  cases  we 
haVe  also  to  take  into  account  the  sensations  obtained  from  mere  pressure  upon 
the  skin.  Our  sensations  derived  from  muscular  movements  depend  on  the 
direction  and  duration  of  the  movements.  On  the  sensations  thus  convened  to 
the  sensorium,  we  form  judgments  as  to  the  direction  of  a  point  in  space,  as 
well  as  of  the  distance  between  two  points  in  space.  This  is  very  marked  in 
the  case  of  the  ocular  muscles.  It  is  also  evident  that  the  muscular  sense  is 
intimately  related  to,  and  often  combined  with,  the  exercise  of  the  sensation 
of  touch  and  sight  (*S«/^.)] 

Methods  of  Testing. — Weights  are  wrapped  in  a  towel  and  suspended  to  the  put  to  be 
tested.  The  patient  estimates  the  weight  by  raising  and  lowering  it.  The  eUciro-muiod^r 
sensibility  also  may  be  proved  thus :  cause  the  muscles  to  contract  by  means  of  induction  shodcs, 
and  obsore  the  sensation  thereby  produced.  [Direct  the  patient  to  place  his  feet  together  while 
standing,  and  then  close  his  eyes.  A  healthy  person  can  stand  quite  steady,  but  in  one  with  the 
muscular  sense  impaired,  as  in  locomotor  ataxia,  the  patient  may  move  to  and  fix>,  or  even  £U1 
({  346,  3V  Again,  a  person  with  his  muscular  sense  impaired  may  not  be  able  to  tooch  aocu- 
ratdy  and  at  once  some  part  of  his  body,  when  his  eyes  are  closed.] 

A  healUiy  person  perceives  a  weight  of  I  gram  applied  to  his  upper  arm  ;  when  a  weight  of 
15  grms.  is  applied,  he  perceives  an  addition  of  I  gram.  If  the  original  we^ht  be  50  grms.,  he 
will  detect  the  addition  of  2  grms ;  if  the  original  weight  be  100  grms.,  he  wiU  detect  3  gnns. 
The  weight  detectable  by  the  individual  finger  varies.  With  the  leg,  when  the  weight  is  apfilicd 
at  the  knee,  the  individual  may  detect '30  to  40  grms. ;  but  sometimes  only  a  grester  weighL 
Often  one  can  detect  a  difference  of  10  to  20,  or  30  to  70  grms. 

Section  of  a  sensory  nerve  causes  disturbance  of  the  fine  graduation  of  move- 
ment (p.  776).  Meynert  supposes  that  the  cerebral  centre  for  muscular  sensi- 
bility lies  in  the  motor  cortical  centres,  the  muscles  being  connected  by  motor 
and  sensory  paths  with  the  ganglionic  cells  in  these  centres. 

Too  severe  muscular  exercise  causes  the  sensation  of  fatigue,  ofpressiany  and 
weight  in  the  limbs  (§  304). 

Illusions  of  the  Muscular  Sense. — A  weight  held  by  one  limb  a]>pears  to  us  to  beoone 
lighter  as  soon  as  we  contract  other  muscles  of  the  limb,  which,  however,  are  not  reqnxred  to  act 
in  supporting  the  weight  {CharpenHer),  If  the  tip  of  the  tongue  be  pressed  against  a  gap  in  the 
dental  arch  and  then  be  moved  to  and  fro,  one  has  a  feeling  as  if  the  teeth  move  with  the  move< 
ments  of  the  tongue. 

Pathological. — Abnormal  increase  of  the  muscular  sense  is  rare  {musctUar  kyperalgia  and 
hyperesthesia),  as  in  anxietas  tibiarum,  a  painful  condition  of  unrest  which  leads  to  a  codtinsal 
change  in  the  position  of  the  limbs.  In  cramp  there  is  intense  pain,  due  to  stimalation  of  the 
sensory  nerves  of  the  muscle,  and  the  same  is  the  case  in  inflammation.  JXmimtUitm  of  the 
muscular  sensibility  occurs  in  some  choreic  and  ataxic  persons  ({  364,  5).  In  locomotor  ataxia 
the  muscular  sense  of  the  upper  extremities  may  be  normal  or  weakened,  while  it  is  usoally  coa- 
siderably  diminished  in  the  legs.  [The  muscular  sense  is  said  to  be  increased  in  the  fajpootk 
condition  and  in  somnambulists.] 
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431.  FORMS  OF  REPRODUCTION.— I.  Abiogencsis  (Generatio 
aequivoca,  sive  spontanea^  spontaneous  generation). — It  was  formerly 
assumed  that,  under  certain  circumstances,  non-living  matter  derived  from  the 
decomposition  of  organic  materials  became  changed  spontaneously  into  living 
beings.  While  Aristotle  ascribed  ,  this  mode  of  origin  to  insects,  the  recent 
observers  who  advocate  this  form  of  ^neration  restrict  its  action  solely  to  the 
lowest  organisms.  Experimental  evidence  is  distinctly  against  spontaneous 
generation.  If  organized  matter  be  heated  to  a  very  high  temperature  in  sealed 
tubes,  and  be  thus  deprived  of  all  living  organisms  or  their  spores,  there  is  no 
generation  of  any  organism.  Hence,  the  dictum  "Omne  vivum  ex  ovo" 
(^Harvey y  or,  ex  vivo).  Some  highly  organized  invertebrate  animals  (Gordius, 
Anguillula,  Tardigrada,  and  Rotatoria)  may  be  dried,  and  even  heated  to  140^ 
C,  and  yet  regain  their  vital  activities  on  being  moistened  (Anabiosis). 

II.  Division  or  fission  occurs  in  many  protozoa  (amoeba,  infiiaoria).  The  organism,  just  as 
is  the  case  with  cells,  divides,  the  nucleus  when  present  taking  an  active  part  in  Uie  piDcess,  so 
that  two  nuclei  and  two  masses  of  protoplasm  forming  two  organisms  are  produced^  The 
Ophidiasters  amongst  the  echinoderms  divide  spontaneously,  and  they  are  said  to  throw  off  an 
arm  which  may  develop  into  a  complete  animal.  According  to  Trembley  (1744),  the  hy^  may 
be  divided  into  piecei^  atid  each  piece  gives  rise  to  a  new  individual  [although  under  normal 
circumstances  the  hydra!  gives  off  buds,  and  is  provided  with  generative  organs]. 

ni.  Budding  Or  gemmation  occurs  in  a  well-marked  form  among  the  polyps  and  vd  some 
infiisorians  (Vorticella).  A  bud  is  given  off  by  the  parent,  and  gradually  comes  more  and. more 
to  resemble  the  latter.  The  bud  either  remains  permanently  attached  to  the  parent,  so  that  a 
complex  organism  is  produced,  in  which  the  digestive  organs  communicate  with  each  other 
directly,  or  in  some  cases  there  may  be  a  «  colony"  with  a  comnoon  nervous  system,  such  as  the 
polyzoa.  In  some  composite  animals  (siphonophora)  the  different  polyps  perform  different  func- 
tions. Some  have  a  digestive,  others  a  motor,  and  a  third  a  generative  function,  so  that  there  is  a 
phy^ological  division  of  labor.  Buds  which  are  given  off  from  the  parent  are  formed  internally 
m  the  rhizopoda.  In  some  animals  (polyps,  infusoria),  which  can  reproduce  themselves  by  buds 
or  division,  there  is  also  the  formation  of  male  and  female  elements  of  generation,  so  that  they 
have  a  sexual  and  a  non- sexual  mode  of  reproduction. 

IV.  Conjugation  is  a  form  of  reproduction  which  leads  up  to  the  sexual  form.  It  occurs  in 
the  unicellular  Gregarinse.  The  anterior  end  of  one  such  organism  unites  with  the  posterior 
end  of  another ;  both  become  encysted,  and  form  one  passive  spherical  body.  The  conjoined 
structures  form  an  amorphous  mass,  from  which  numerous  globular  bodies  are  formed,  and  in 
each  of  which  numerous  oblong  structures — the  pseudo-navicelli — are  developed.  These  bodies 
become,  or  give  rise  to,  an  amoeboid  structure,  which  forms  a  nucleus  and  an  envelope  and 
becomes  transformed  into  a  gregarina. 

Sexual  reproduction  requires  the  formation  of  the  embryo  from  the  con- 
junction of  the  male  and  female  reproductive  elements,  the  sperm-cell  and 
the  germ- cell •  These  products  may  be  formed  either  in  one  individual  (her- 
maphroditism, as  in  the  flat  worms  and  gasteropods),  or  in  two  separate  organ- 
isms (male  or  female).    Sexual  reproduction  embraces  the  following  varieties : — 

V.  Metamorphosis  is  that  form  of  sexual  reproduction  in  which  the  embryo  from  an  early 
period  undergoes  a  series  of  marked  changes  of  external  form,  e,g.,  the  chrysalis  stage,  and  the 
pupa  stage,  and  in  none  of  these  stages  is  reproduction  possible.  Lastly,  the  final  sexually 
developed  form  (the  imago  stage  in  butterflies)  is  produced,  which  forms  the  sexual  products 
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whose  union  gives  rise  to  o^uiisnu  which  ttpeat  ihe  same  cycle  of  changes.     HetsmorpboM 
occurs  exten^vel;  amoDglt  the  insects;  some  of  them  < 

have  aevenO  stages  (holo-metabolic),  and  others  have 
few  stages  (hemi-metabolic).     It  also  occura  in  some 
arthropoda,  and  wonns,  rr.^.,  trichina;  the  sexual  form 
of  the  animal  ocean  in  the  intestine,  the  numerous 
/arva  wander  into  the  muscles,  where  they  become 
encysted,  and  form  undereloped  sexual  organs,  consti- 
tuting the  pupa  stage  of  the  muscnlar  trichina.     When 
the  encysted  form  il  eateu 
by    another    animal,  the 
sexual  organs  come  into 
activity,  a  ikw  brood  is 
formed,  and  the  cycle  is 
repeated.    Metamoiphosis 
also  occurs  io  the  free  and 
V  in    petromyzon.        [This 

is   really  a   cooditioD   in 
which  the  embryo  under- 
i    goes  marked   clianges  of 
'    torm   before    it  becomes 
sexually  mature.] 
Fig.  764.  VI.     Alteration      of 

ipe  egg  taken  frotn  the  Generations  or   Meta- 
terus  of  TEenii  solium.  genMia.  —  (Stftnstrufi). 

Albuminousenvelope;  —I"  '*"»  '""cT  "O"*  o'  _.     ^^ 

remains  of  the  yolk;  ""^  members  of  the  cycle  rig.  765, 

coveriogof (he embryo;  =»°  produce  new  beings  Eocapmled  cytticercus  from  Tam 
tf,  embryo  with  embryonal  noo-»«xually,  while  m  the  solium,  embedded  in  a  human  saito- 
booklets.  """I  ««Be  reproduction  u       n,^     Natural  siie. 

always  sexual.  From  a 
medical  point  of  view,  the  life-histoiT  of  the  tap«-wonn  or  T^nia  is  most  impoitani.  The 
segments  of  the  tape-worm  are  called  pTOglottides  (fig.  770),  and  each  s^ment  is  heiaa- 
pluodite  with  testes,  vas  defereos,  penis,  ovary,  etc.;  and  numerous  ova.  The  segmeoti 
are  evacuated  with  the  fieces.  The  eggs  are  fertilized  after  they  are  shed  (fig.  764),  and 
from  them  is  developed  an  elliptical  embryo,  provided  with  nx  hoofclets,  which  is  swiltowtd 


I       I 


Fig.  7«- 
Head  of  Ttenia  solium  (I)  and  medio-canellata  (11),  and  jwnts  of  both  (i,  a)- 


by  another  animal,  the  host.     These  ei 

they  undergo  developmenl,   forming  Ihe   eocysled  stage,   ^ysticercus  (fig.   767),  C  .  ._ 

T^-l.- .J  i(5g  ^^gj     The  encysted  capsule  maycontaiaone(cyiticactis)orinany[co(aB*i> 

of  the  txnia.     In  order  to  undergo  further  development,  the  cytticercni  meX  be 
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etuen  ftlive  by  saoiher  animil,  when  [he  head  or  scolex  fixes  itself  b;  the  booklets  and  Slacken 
10  the  intestine  of  ill  new  boat  (fig.  767),  where  il  begins  to  bud  and  produce  a  series  of  new 
segments  between  the  head  and  the  lasl-fomied  segment,  and  thus  the  cycle  is  repeated. 

The  most  imponant  flat-warms  are  :  TrhU  tolium,  in  man ;  Ihe  Cysticertms  cellulose  (fig. 
766),  in  the  pig,  when  it  constitutes  the  mtasli  \a  pork:  TKnia  niedioc«nell(it«  (fig.  770), 
Ihe  encysted  stage,  in  the  on ;  TKiiia  coenuniB,  in  the  dog's  intestine ;  the  encysted  stage,  or 
Coenurus  cerebrelis,  in  the  brain  of  the  sheep,  where  it  gives  rise  to  the  condition  of  "  Maggets  "  ; 
TKniaechinococcua.in  the  dog's  iotei- 
tine;  the  embryos  or  sco1ice«  occur  in 
the  liver  of  man  as  "  hydalida."  /O 

The  mednsse   also  exhibit   alternation  / 

of  goieratioDS,  and  so  do  some  insei 
especially  the  plant  lice  or  aphides. 


Fig.  769. 


r,  Bucloiial 


Fig.  767.  Fig.  768. 

Fig.  767. — Cyslicerci   from   T^nia  solium   removed   from  their  capsule. 

magni6ed.  a,  embryo  sac ;  b,  cavity  produced  by  budding  of  the  embryo-sac  \  e,  si 
di»c»  and  hookleu.  Fig.  768. — Cyitieerena  of  Tienia  soSnm,  with  its  head  and  »^ 
protruded,  a,  candat-sac ;  b,  head  of  the  (ape-worm,  with  discs  and  hooklels  (scolex) ; 
c,  neck.  Fig.  769. —  Fart  of  an  Echinococcos  cipsale,  with  developing  buds,  a,  sheath; 
b,  pttenchymatoos  layer;  c,  geiminating  capenle  filled  with  Kolices. 

VII.  ParthenageneaiB  (Duvn,  v.  Sitbalit). — In  this  variety,  in  addition  to  sexual  reproduc- 
tion, new  iodividaals  maybe  produced  without  sexual  union.  The  non-sexually  produced  brood 
is  alwayt  of  one  «ei,  as  m  Ihe  bees.  A  beehive  contains  a  qaeen,  the  worken,  and  the  drones 
or  males.  Dniing  the  nuptial  flight  the  queen  is  impregnated  by  the  males,  and  the  seminal 
fluid  is  stored  up  m  the  receptaculnm  semmis  of  the  queen,  and  it  appears  that  the  queen  may 
Tolnntarily  permit  the  oootact  of  this  fluid  with  the  ova  or  withhold  it.  All  fertilized  ^gs  give 
rise  to  female,  and  all  nafenilized  ones  to  male  bees. 


^»H»caEGKlTOCfe# 


Fig.  770. 
Taenia  mediocanellata.     Natural  si 


43a.  TESTIS.— SEMINAL  FLUID,— [In  the  testis,  or  male  repro- 
ductive organ,  the  seminal  fluid  which  contains  the  male  element  or  spermatozoa 
is  formed.  The  framework  of  the  gland  consists  of  a  thick,  strong,  white 
fibrous  covering,  the  tunica  albuginea,  composed  chiefly  of  while  interlacing 
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fibrous  tissue.  Externally,  this  layer  is  covered  by  the  visceral  layer  of  the 
serous  membrane,  or  the  tunica  vaginalis,  which  invests  the  testis  and  epi- 
didymis. The  tunica  albuginea  is  prolonged  for  some  distance  as  a  verticd 
septum  into  the  posterior  part  of  the  testis,  to  form  the  mediastinum  testis 
or  corpus  Highmori.  Septa  or  trabecule — more  or  less  complete — stretch 
from  the  under  surface  of  the  T.  albuginea  towards  the  mediastinam,  so  that 
the  organ  is  subdivided  thereby  into  a  number  of  compartments  or  lobules, 
with  their  bases  directed 
T.»ihu(ine».  outwards  and  their  apices 

towards  the  mediastinum. 
From   these,    finer  wisten- 
tacular  fibres  pass  into  the 
compartments    to    support 
Semimi   the  structurcs  lying  in  these 
lubuict    compartments.] 
™™.        [Arrangement  of  Tub- 
ules.— Each  compartmeni 
contains  several   seminal 
tubules,  long,  convoluted 
^h.  tubules  (t^  in.  in  diam.), 

which  rarely  branch  wccpt 
at  their  outer  end;  they  are 
about  3  feet  in  length  and 
exceed  800  in  number. 
These  tubules  run  towards 
Septum,  the  mediastinam,  those  in 
one  compartment  uniting 
at  an  acute  angle  with  each 
other,  to  form  a  smaller 
number  of  narrower  smight 
tubnles — tabull  recti  (fig. 
771).  These  straight  tub- 
ules open  into  a  network  of 
tubules  in  the  mediastinum 
to  form  the  rete  testis,  a 
dense  network  of  tubules 
of  irrq^lar  diameter  (fig. 
771).  From  this  netvcnt 
there  proceed  ta  to  15 
wider  ducts — the  vasa  ef- 
su.!ghi  ferentia  —  which      after 

•"''"'•'■  emerging  from    the   testis 

are  at  first  straight,  hot 
^"j  soon  become  convoluted— 

I^g' 77'-  and  form  a  series  of  conical 

Trwisverse  section  of  the  testis  (low  eminences— the  coni  vas- 

power  view).  culosl  —  which     together 

form  the  head  of  the  epi- 
didymis. These  tubes  gradually  unite  with  each  other  and  form  the  bodf 
and  globus  minor  of  the  epididymis,  which,  when  unravelled,  is  a  tube 
about  20  feet  long  terminating  in  the  vas  deferens  (a  feet  long),  which  is  tb* 
excretory  duct  of  the  testis.] 

[Structure  of  a  Seminal  Tubule. — The  seminal  tubules  consist  of  a 
thick  well-marked  basement  membrane,  composed  of  flattened  nucleated  celh 
arranged  like  membranes  (fig.  776).     These  tubes  are  lined  by  several  layers  of 
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more  or  less  cubical  cells ;  there  is  an  outer  row  of  such  cells  next  the  base- 
ment membrane,  and  often  showing  a  dividing  large  nucleus.  Internal  to  these 
are  several  layers  of  inner  large  clear  cells,  with  nuclei  often  dividing,  so  that 
they  form  many  daughter  cells  which  lie  internal  to  thera  and  next  the  lumen. 
From  these  daughter  cells  are  formed  the  spermatozoa,  and  they  constitute  the 
Spermatoblasts.  These  several  layers  of  cells  leave  a  distinct  lumen.  The 
tubuli  recti  are  narrow  in  diameter,  and  lined  by  a  single  layer  of  squamous 
or  flattened  epithelium  (fig.  77a).  The  rete  testis  consists  merely  of  channeb 
in  the  fibrous  stroma  without  a  distinct  membrana  propria,  but  lined  by  flattened 
epithelium.  The  vasa  efferentia  and  coni  vasculosi  have  circular  smooth 
muscular  fibres  in  their  walls,  .and  are  lined  by  a  layer  of  columnar  ciliated 
epithelium  with  striated  protoplasm.  At  the  bases  of  these  cells  in  some  parts 
is  a  layer  of  smaller  granular  cells.'  These  tubules  form  the  epididymis,  whose 
tubules  have  the  same  structure  (fig.  773J.  In  the  sheep,  pigment  cells  are 
often  found  in  the  basement  membrane. J 

[The  vas  deferens  is  lined  by  several  layers  of  columnar  epithelium  resting 


Fig.  772. 
fig-  7T- — Convoluted  seminal  tabnle  opeolne  into  anarrow  straight  tntmle.     Fig.  773.— Trans- 
(cne  KCtion  of  llie  lubules  of  the  epididymis. 

on  a  dense  layer  of  fibrous  tissue — the  mucosa.  Outside  this  is  tbe  muscular 
coat,  a  thick  layer  of  non-striped  muscle,  composed  of  a  thick  mntx  circular, 
and  thick  outer  lon^hidinal  layer,  a  thin  sub-mucous  coat  conneclitig  the  mus- 
cular and  mucous  coats  together ;  outside  all  is  the  fibrous  adventitia.] 

[The  interstitial  tissue  (fig.  771),  supporting  the  seminal  tubules,  is 
laminated  and  covered  by  endothelial  plates,  with  slits  or  spaces  between  the 
lamellfe,  which  form  the  origin  of  the  lymphatics.  These  lymph-spaces  are 
easily  injected  by  the  puncture  method.  In  fact,  if  Berlin  blue  be  forced  into 
the  testis,  the  lymphatics  of  the  testis  and  spermatic  cord  arc  readily  filled  with 
the  injection.  In  some  animals  (boar),  antl  to  a  less  extent  in  man,  dog,  there 
are  also  iairly  large  polyhedral  interstitial  cells,  often  with  a  large  nucleus 
and  sometimes  pigmented.  They  represent  the  residue  of  the  epithelial  cells  of 
the  Wolffian  bodies  {Klein),  or  according  to  Waldeyer,  they  are  plasma  cells. 
The  blood-vessels  are  numerous,  and  form  a  dense  plexus  outside  the  base- 
ment membrane  of  the  seminal  tubules.] 
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Chemical  Composition. — The  seminal  fluid,  as  discharged  from  the 
urethra,  is  mixed  with  the  secretion  of  the  glands  of  the  vas  deferens,  Cowper's 
glands,  and  those  of  the  prostate,  and  with  the  duid  of  the  vesiculae  seminales. 
Its  reaction  is  neutral  or  alkaline,  and  it  contains  82  per  cent,  of  water,  serum- 
albumin,  alkali-albuminate,  nuclein,  lecithin,  cholesterin,  fats  (protamin  ?), 
phosphorized  fat,  salts  (2  per  cent.),  especially  phosphates  of  the  alkalies  and 
earths,  together  with  sulphates,  carbonates,  and  chlorides.  The  odorous  body, 
whose  nature  is  unknown,  was  called  **  spermatin  "  by  Vauquelin. 

Seminal  Fluid. — The  sticky,  whitish-yellow  seminal  fluid,  largely  composed  of  a  mixture  of 
the  secretions  of  the  above-named  glands,  when  exposed  to  the  air,  becomes  more  fioid,  and  oa 
adding  water  it  becomes  gelatinous,  and  from  it  separate  whitish  transparent  flakes.    When  long 

exposed,  it  forms  rbomboidal  crystals,  vhkb, 
according  to  Schreiner,  consist  of  pbo^utic 
salts  with  an  organic  base  (C^H.^.  Thtx 
crystals  (fig.  774)  are  said  to  be  derived  fna 
the  prostatic  fluid,  and  are  identical  vith  tbe 
so-called  Charcot's  crystals  (fig.  171,  r,  and 
2  138).  The  prostatic  fluid  is  thin,  milky, 
amphoteric,  or  of  slightly  acid  reaction,  and  is 
possessed  of  the  seminal  odor.  The  phosphoric 
add  necessaxy  for  the  formation  of  the  cryitils 
is  obtained  from  the  seminal  fluid.  A  soait- 
what  similar  odor  occurs  in  the  albumin  of  eggs 
not  quite  firesh.  The  non-poisonous  ptomain,  o- 
daverin  (pentamethyldiamin  of  Ladei^vf), 
isolated  by  Brieger  from  dead  bodies,  has  a 
similar  odor.  The  secretion  of  the  vsicabe 
seminales  of  the  guinea-pig  contains  modi 
fibrinogen  (p.  477). 

The  spermatozoa  are  50  pi  long, 

and  consist  of  a  flattened  pear-shapd 

Fig.  774.  head  (fig.  775,  i  and  2,  >^),  which  is 

Crystals  from  spermatic  fluid.  ^\\o^td    by  a  rod-shai>ed  m  iddlc 

piece,  m  {Schwetgger'Seidel)^  and  a 
long  tail-like  prolongation  or  cilium,/.  The  spermatozodn  is  propelled  for- 
wards by  the  to-and-fro  movements  of  the  tail  at  the  rate  of  0.05  to  0.5  mm. 
per  second ;  the  movement  is  most  rapid  immediately  after  the  fluid  is  shed, 
but  it  gradually  becomes  feebler. 

Finer  Structure  of  Spermatozoa. — The  observations  of  Jensen  have  shown  that  the  middk 
piece  and  head  are  still  more  complex,  although  this  is  not  the  case  in  human  spennatozoa  tod 
those  of  the  bull  (G,  Retzius).  These  consist  of  a  flattened,  long,  narrow,  transparent, proto- 
plasmic mass,  with  a  fibre  composed  of  many  delicate  threads  in  both  margins.  At  the  tip  of  tbe 
tail  both  fibres  unite  into  one.  The  fibre  of  the  one  margin  is  generally  straight,  tbe  other  is 
thrown  into  wave-like  folds,  or  winds  in  a  spiral  manner  round  the  other  (  W,  Kramse^  GUia). 
G.  Retzius  describes  a  special  terminal  filament  Tfig.  775,  A.  An  axial  thread  siirroonded  bj  to 
envelope  of  protoplasm,  traverses  the  middle  piece  and  the  tail  {Eimer  v.  Braun).  [Le?^ 
showed  that  in  the  salamander  there  is  a  delicate  membrane  attached  to  the  tail,  and  Gibbes  bis 
described  a  spiral  thread  attached  to  the  head  (newt)  and  connected  with  the  middle  piece  bj  1 
hyaline  membrane.] 

Motion  of  the  Spermatozoa. — [After  the  discharge  of  the  seminal  fluid,  the  spennitotoa 
exhibit  spontaneous  movements  for  many  hours  or  dajrs.]  The  movements  are  due  to  the  list- 
ing movements  of  the  tail,  which  moves  in  a  circle  or  rotates  on  its  long  axis,  the  impulse  to  move- 
ment proceeding  from  the  protoplasm  of  the  middle  piece  and  the  tail,  which  seem  to  be  ctp»l^ 
of  moving  when  they  are  detacned  (Eimer).  These  movements  are  comparable  to  tbose  tbtf 
occur  in  cilia  ({  292),  and  there  are  transition  forms  between  ciliary  and  amoeboid  movemeBts, 
as  in  the  Monera.  Action  of  Reagents  on  Spermatozoa. — Within  the  testis  they  do  dA 
exhibit  movement,  as  the  fluid  is  not  sufficiently  dilute  to  permit  them  to  move.  Their  os^vc 
ments  are  specially  lively  in  the  normal  secretion  of  the  female  sexual  organs  (BiscAo^)uid^ 
move  pretty  freely,  and  for  a  long  time,  in  all  normal  animal  secretions  except  sahvt.  Tlt^ 
movements  are  paralyzed  by  water,  alcohol,  ether,  chloroform,  creasote,  gum,  dextrin,  v^etable 
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macin,  S3nrup  of  grape-sugar,  or  very  alkaline  or  acid  uterine  or  vaginal  mucus  (Donni),  acids 
and  metallic  salts,  and  a  too  high  or  too  low  temperature.  The  narcotics,  as  long  as  they  are 
chemically  indifierent,  behave  as  indifferent  fluids,  and  so  do  medium  solutions  of  urea,  sugar, 
albumin,  common  salt,  elycerin,  amygdalin,  etc. ;  but  if  these  be  too  dilute  or  too  concentrated, 
they  alter  the  amount  of  water  in  the  spermatozoa  and  paralyze  them.  The  quiescence  produced 
by  water  may  be  set  aside  by  dilute  alkalies  ( Virchow),  as  with  cilia  (p.  574).  Engelmann  finds 
that  minute  traces  of  acids,  alcohol,  and  ether  excite  movements.  The  spermatozoa  of  the  frog 
may  be  frozen  four  times  in  succession  without  killing  them.  They  bear  a  heat  of  43.75®  C,  and 
they  will  live  for  70  days  when  placed  in  the  abdominal  cavity  of  another  frog  (Maniega%za\. 

Resistance. — Owing  to  the  large  amounts  of  earthy  salts  which  they  contain,  when  aried 
upon  a  microscopical  slide,  they  still  retain  their  form  (  Valentin),  Their  form  is  not  destroyed 
by  nitric,  sulphuric,  hydrochloric,  or  boiling  acetic  acid,  or  by  caustic  alkalies ;  solutions  of  NaCl 
and  saltpetre  (10  to  15  per  cent.)  change  them  into  anK>rphous  masses.  Theur  organic  basis 
resembles  the  semi-solid  albumin  of  epithelium. 

Seminal  fluid,  besides  spermatozoa,  also  contains  seminal  cells,  a  few  epithelial  cells  from  the 
seminal  passages,  numerous  lecithin  granules,  stratified  amyloid  bodies  (inconstant),  granular 
yellow  pigment,  especially  in  old  age,  leucoc3rtes,  and  sperma  crystals  (FUrbinger), 


'to 


Fig.  775- 

Spermatozoa.  I,  human  (  X  600),  the  head  seen  from  the  side ;  2,  on  edge ;  k^  head ;  m,  middle 
piece ;  /,  tail ;  ^,  terminal  filament ;  3,  from  the  mouse ;  4,  bothriocephalus  latus ;  5,  deer ; 
6,  mole;  7,  green  woodpecker;  8,  black  swan;  9,  from  a  cross  between  a  goldfinch  (M) 
and  a  canary  (F)  ;  10,  from  cobitis. 

£)evelopinent  of  Spermatozoa. — The  walls  of  the  seminal  tubules,  n, 
which  are  made  up  of  spindle-shaped  cells,  are  lined  by  a  nucleated,  proto- 
plasmic layer  (fig.  776,  I,  ^,  and  IV,  A),  from  which,  according  to  one  view, 
there  project  into  the  lumen  of  the  tube  long  (0.053  nim.)  coluiAn-like  prolon- 
gations (I,  r,  and  II,  III,  IV),  which  break  up  at  their  free  end  into  several 
round  or  oval  globules  (II) — the  spermatoblasts  (v,  Edner) ;  these  consist 
of  soft,  finely  granular  protoplasm,  and  usually  have  an  oval  nucleus  in  their 
lower  part.  During  development,  each  lobule  of  the  sp>ermatoblast  elongates 
into  a  tail  (IV,  r),  while  the  deeper  part  forms  the  head  and  middle  pieces  of 
the  future  spermatozoon  (IV,  k).  At  this  stage  the  spermatoblast  is  like  a 
greatly  enlarged,  irregular,  cylindrical  epithelial  cell.     When  development  is 
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complete,  the  head  and  middle  pieces  are  detached  (III,  f),  and  alttmatelj  the 
remaining  part  of  the  spermatoblast  undergoes  fctty  degeneratioD.  Not  nnfrc- 
quently  in  spermatozoa  we  may  observe  a  small  mass  of  protoplasm  adhering  to 
the  tail  and  the  middle  piece  (III,  /).  Between  the  spermatoblasts  are  numer- 
ous round  amoeboid  cells  devoid  of  an  envelope,  and  connected  to  each  other 
by  processes.  They  seem  to  secrete  the  ^«j'i^  part  of  the  semen,  and  they  may 
therefore  be  called  seminal  cells  (I,  J,  II,  III,  IV,  /}.  A  spermatozoon, 
therefore,  is  a  detached  independently  mobile  cilium  of  an  enlarged  epithelial 
cell.  Some  observers  adhere  to  the  view  that  the  spermatozoa  are,  in  pan  at 
least,  formed  with  round  cells,  by  a  process  of  endc^^otu  developmenL 

[All  observers  are  agreed  that  the  appearance  of  a  seminal  tubals  dtScn 
according  to  the  state  of  activity  of  the  cells  lining  it,  but  in  the  case  of  a 
tubule  with  developing  spermatozoa,  although  the  appearance  seen  in  transvcne 
section  of  a  tubule  is  on  the  whole  such  as  is  shown  in  fig.  776,  I,  still  the 
view  stated  above  is  not  the  one  which  has  the  largest  number  of  supporters. 
Other  observers  interpret  the  appearances  differently.  According  to  the  other 
view,  there  is  but  one  kind  of  gland-cell  lining  the  tubules,  and  certain  oi 
these  cells  or  spermatogonia — lying  next  the  periphery — by  successive  acts 
of  division  give  rise  to  round  cells  with  dark  nuclei,  e.g.,  the  daughter  celb  or 


Fig.  776. 


Senu-diBgramnutic  spermuoeenesis :   I,  tnnsvene  lection  of  ■  seminal  tubule — a,  i 

A,  pnitoplumic  inner  limng;  f ,  ipennatoblait ;  j,  lemiiukl  cdU.  11,  Unripe  q>am>tcitil*st — 
/,  rounded  clavate  lobules;  p,  seminat  cells.  IV,  spcrmatoblaM,  widi  ripe  ipennatotoa  {i) 
not  ;et  detached;  tail,  r,-  n,  wall  of  lEie  seminal  tubule ;  4,  iu  protoplasmic  laTcr.  Ill, 
spermatoblast  with  a  spennatoiodn  free,  t. 

spermatocytes,  which  arrange  themselves  radially  towards  the  lumen  of  the 
tubule.  They  are  represented  by  the  indifferent  celb  lying  between  the  so-olled 
spermatoblasts  in  fig.  776,  I.  The  last  generation  of  cells  derived  from  these 
spermatocytes,  lying  next  the  lumen  of  the  tube,  are  called  spcmiatides,  and 
these  last  become  the  spermatozoa ;  in  the  process  the  nucleus  of  each  spnnu- 
tide  becomes  the  head,  a  small  part  of  the  protoplasm  becomes  the  tail  of  (Ik 
spermatozoa.  The  largest  part  of  the  protoplasm  of  the  spermatide  rem«iiu, 
and  these  residues,  as  it  were,  come  together  and  form  the  large  branched 
structure,  which  on  the  previously  stated  view  were  called  spermatoblasts.  Tbe 
young  spermatozoa  lie  embedded  in  the  tops  of  these  masses  of  protoplasm ; 
thus  an  entirely  different  explanation  is  given  of  the  appearances  seen  in  a 
seminal  tubule.] 
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blasli.  Each  seminal  cell  torms  from  iti  Ducleoi  the  head,  and  from  its  proloplann  the  tail  of 
a  spern»lazo3n.  For  the  complete  formation  of  these  parts,  there  must  be  a  coaletcence  of  the 
seminal  cells  with  the  spennatobksts. 

Shape  of  Spermatoioa. — The  speimatozoa  of  moat  animals  are  like  dlia  with  larger  or 
smaller  heads.  The  head  is  elliptical  (mammals),  or  pear-shaped  (mammak),  or  cylindrical 
(birds,  amphibians,  fisbj,  or  cork-screw  (silking  Urds,  paludine),  or  merely  like  hairs  (insects — 
^S-  775)'  Immobtle  aemiaal  cells,  quite  diflerent  from  the  ordinaiy  form*,  occor  is  m^iapoda 
and  the  oyster. 

433.  THE     OVARY— OVUM— UTERUS.— [Structure     of    the 
Ovary. — The  ovary  consists  of  a  c odd ective- tissue  framework,  with  blood- 
vessels, nerves,  lymphatics,  and  nutnerous  non-striped   muscular  fibres.     The 
ova  are  embedded  in  this  matrix  (fig,  777).     The  stirface  of  the  ovary  is  cov- 
ered   with    a    layer  of  columnar    epithelium    (fig.    778,    e),  the    remains  of 
the  germ- epithelium.     The 
most  superficial  layer  is  called 
the  albuginea ;    it  does  not 
contain  any  ova.     Below  it  is 
the  cortical  layer  of  Schr5n, 
which    contains    the    smallest 
Graafian   follicles  (j^  inch — 
fig.    777),  while  deeper  down 
are  the  larger  follicles  (^  to 
-jiiT  inch).     There  are  40,000 
to  70,000  follicles  in  the  ovary 
of  a  female  infant.    Each  ovum 
lies  within  its  follicle  or  Graa- 
fian vesicle.] 

Structure  of  an  Ovum. —  ' 
The  human   ovum   (C.  £.    v.  Fig- 77 7- 

^acr,  i827)iso.iStoo.!i  _.       -  -         . 


[j4^  in.]  in  diameter,  and  i: 
spnerii 


spherical  cellular  body  with  a 
thick,  solid,  elastic  envelope,  the  zooa  pellucida,  with  radiating  strife 
(^g-  779)-  The  zona  pellucida  encloses  the  cell-contents  represented  by  the 
protoplasmic,  granular,  contractile  vitellus  or  yolk,  which  in  turn  contains 
the  eccentrically  placed  spherical  nucleus  or  germinal  vesicle  (40-50  ti — 
Purkinje,  1835  j  Coste,  1834).  The  germinal  vesicle  contains  the  nucleolus  or 
germinal  spot  (5-7  it — R.  Wagner,  1835).   The  chemical  composition  is  given 

[Ovum.  Cell. 

Zona  pellucida  corresponds  to  the  Cell-wall. 
Vitellus  "  "     Cell- con  tents. 

Germinal  vesicle     "  "     Nucleus, 

Germinal  spot         "  "     Nucleolus.] 

[This  arrangement  shows  the  corresponding  parts  id  a  cell  and  the  ovum,  and 
in  fact  the  ovum  represents  a  typical  cell.] 

The  lona  pellucida  (figs.  779,  7S0,  V,  Z),  to  which  cells  the  Graafian  follicles  are  often  ad- 
herent, is  a  cuticulai  oieoibraDe  formed  secoadaTily  by  the  follicle  {I^Bger).  According  to  Van 
Beneden,  it  is  lined  by  a  Ihin  membrane  next  the  Titellas,  and  he  regards  the  tbin  membrane  as 
the  original  cell-membrane  of  ibe  ovum.  The  tine  radiating  strife  in  the  zona  are  said  to  be  doe 
to  the  enistence  of  nameious  canals  {KSUiker^v.  SeAlen).  It  is  still  undecided  whether  ibere  is 
a  special  micropyte  or  hole  for  the  entrance  of  the  spermatozoa. 

A  micropyle  has  been  observed  in  some  ova  ( hololhurians,  many  fishes,  mussels).  The  ova 
of  some  animals  (many  insects,  e.g.,  the  flea)  have  porous  canals  in  some  part  of  their  lona, 
and  these  serve  both  finr  the  entrance  of  the  spermatoioa  and  for  the  respiratory  exchanges  in  the 
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The  development  of  the  ova  takes  place  in  the  following  manner :  The 
- — —  surface  of  the  ovary  ii 

covered  with  a  layer  of 
cylindrical  epithelium— 
the  so-called  "germ- 
epithelium" — and  be- 
tween these  cells  lie 
somewhat  spherical 

"primordial  ova" 
(fig.  780,  I,  a,  a).  The 
epithelium  covering  the 
surface  dips  into  the 
ovary  at  various  places  to 
form  "  ovarian  tubes" 
(fig.  780).  These  tubes, 
from  and  in  which  the 
ova  are  developed  (  M'a/- 
deyer),  become  deeper 
and  deeper,  and  they 
contain,  in  their  interior, 
^W-  77»-  large  single  spherical  cells 

Section  of  an  ovaiy.  r,genn-epilhenaTi);  I,  luge-iited  foUicln;  i^ith  a  nucleus  and  a  no- 
a,  a,  middle-siwid,  and  3,  3,  imaller-aiied  rollictes-,  0,  ovum  „i_^i,„  „„  j  „»u_,  ,„,ii_. 
Vithin  a  Grazfiwi  folUcle  ;  ^.''.  blood-Te«1.  of  tb«  Jroma;  <:''^'"^'  ""*  0**'«'  ™^'" 
g.  cells  of  the  mcmbraoa  ^alo».  and  more  numerous  cells 

lining  the  tube.  The 
large  cells  are  the  cells  (primordial  ova)  that  are  to  develop  into  ova,  while 
the  smaller  cells  are  the  epithelium  of  the  tube,  and  are  direct  continuations  of 
the  cylindrical  epithelium  on  the  surface  of  the  ovary.   The  upper  extremities  of 

the  tubes  become  closed, 
while  the  tube  itself  is 
divided  into  a  number  of 
rounded  compartments — 
cut  off*,  as  it  were,  by  the 
ingrowth  of  the  ovarian 
niS™'''  stroma  (I,  f).   Each  com* 

alio  / '  partment     so     cut     off 

usually  contains  one,  or 
at  most  two,  ova  fR', 
o,  o),  and  becomes  de- 
^lucidi  veloped  into  a  Graafian 
*  follicle.  The  embrjonic 
follicle  enlarges,  and  flaid 
appears  within  it ;  while 
its  lateral  small  cells  be- 
come changed  into  the 
epithelium  lining  the 
Graafian  follicle  itself,  or 
Fig.  779.  those  of  the  roembrana 

Ripe  ovum  of  rabbit.  granulosa.     The  cells  of 

the  membrana  granulosi 
form  an  elevation  at  one  part — the  discus  proligerus — by  which  the  o™ni 
is  attached  to  the  membrana  granulosa.  The  follicles  are  at  first  only  0.03  ram. 
in  diameter,  but  they  become  larger,  especially  at  puberty.  [The  smaller  ova 
are  near  the  surface  of  the  ovary,  the  larger  ones  deeper  in  its  substance  (Gg 
778).]   When  a  Graafian  follicle  with  its  ovum  is  about  to  ripen  (FV),  it  sinb 
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or  passes  downwards  into  the  substance  of  the  ovary,  and  enlarges  at  the  same 
time  by  the  accumulation  of  fluid — the  liquor  folliculi — between  the  tunica 
and  membrana  granulosa.  It  is  covered  by  a  vascular  outer  membrane — the 
theca  folliculi — which  is  lined  by  the  epithelium  constituting  the  membrana 
granulosa  (IV,  g).  When  a  Graafian  follicle  is  about  to  burst,  it  again 
rises  to  the  surface  of  the  ovary,  and  attains  a  diameter  of  i.o  to  1.5  mm.,  and 
is  now  ready  to  burst  and  discharge  its  ovum.  [The  tissue  between  the  enlarged 
Graafian  follicle  and  the  surface  of  the  ovary  gradually  becomes  thinner  and 
thinner  and  less  vascular,  and  at  last  gives  way,  when  the  ovum  is  discharged 
and  caught  by  the  fimbriated  extremity  of  the  Fallopian  tube  embracing  the 
ovary,  so  (hat  the  ovum  is  shed  into  the  Fallopian  tube  itself.]  Only  a  small 
number  of  the  Graafian  follicles  undergo  development  normally,  by  far  (he 


Fig.  780. 
I,  An  ovarian  tube  In  process  of  development  (aew-t>om  girl),  n,  a,  youDg  ova  between  the 
ejHtbdial  cells  on  the  surface  of  the  ovaiy ;  i,  the  ovarian  tube  with  ovB  and  epilhelUl  celU ; 
(-,  a  small  follicle  cut  off  and  enclosing  an  ovum.  II,  Open  ovarian  tube  fromaUtcb.  Ill, 
Isolated  primordial  ovum  fboman).  IV,  Older  follicle  with  two  ova  (0,  0)  and  the  tunica 
granulosa  l^g^  of  a  bitch.  V,  Part  of  the  surface  of  a  ripe  ovum  6f  a  nbliil — i,  zona  pellu- 
cida;  J,  vitellns;  t,  adherent  Cells  of  Ihe  membrana  gtaauloia.  VI,  First  polar  globule 
formed.    VII,  Formation  of  the  aecond  polar  globule  {-fo/). 

greatest  number  atrophy  and  never  ripen.     (The  study  of  the  development  of  . 
the  ova  and  ovary  was  advanced  particularly  by  Martin  Barry,  PflQger,  fiill- 
roth,  Schron,  His,  Waldeyer,   Kdlliker,   Koster,  Lindgren,  Schulin,  Foulis, 
Balfour,  and  others.) 

According  10  WaldeTO-,  the  mammalian  ovum  is  not  a  simple  cell,  but  a  compound  structure. 
The  original  primitive  ovum  is,  according  to  him,  formed  only  of  tiie  germinal  vesicle  and 
germinal  spot,  with  the  surroundii^  membranous  clear  part  of  the  vitellus  (fig.  7S0,  III).  The 
remainder  of  the  vitellus  is  developed  by  the  transformation  of  granulosa  cells,  which  also  form 
the  zona  pellucida. 
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HolobUHic  and  Meroblastic  Ova. — The  ova  of  frogs  and  ^cloEtDOKta  have  tbe  same 
t7pe  as  muninaliaa  ova ;  thejr  are  ciUled  holoblagtic  ova,  because  all  ibeii  coniaiu  go  10  torn 
cells  which  lalce  part  in  the  foimatioD  of  the  embryo.  Id  contrast  with  these,  the  birds,  tbe  mooo- 
tremes  aloDe  amongst  the  mammals  {CaidmeU),  the  reptiles  aod  the  other  fishes  have  men- 
blaBtic  ova  (Xiiciert).  The  litlei,  in  addition  to  the  white  or  fbrmative  yolk,  whi(^  aart- 
sponds  to  the  yoYk  of  the  holoblaxtic  e^;s,  and  gives  rise  to  the  embryonic  cells,  coDtaiui  (h* 
food-yolk  (yellow  in  birds),  which  during  development  is  a  re^rve  store  of  food  for  the  devel<:p- 
iog  embryo. 

Hen's  Egg. — The  small,  white,  round,  finely  gran^ular  speck,  the  cica* 
tricula,  blastoderm,  or  tread,  which  is  a. 5— 3.5  mm.  broad  and  0.28-0.37 
thick,  lying  upon  the  surface  of  the  yellow  yolk,  correspo;ids  to  the  contents 
of  the  mammalian  ovum,  and  is,  therefore ; the  formative  yolk.  In  the  cica- 
tricula  lie  the  germinal  vesicle  and  spot  (figs.  730,  783).  Frpm  the  tread,  in 
which  lie  the  characteristic  white  yolk  elements,  processes  pass  into  the 
Germiniii  vetitie  ycUow  yolk.     A  part  passes  as  an 

and  spot.  Biaitodinn.  exceedingly  thin  layer  round  the 

yolk,    or    cortical     protoplaan. 
[The  cicatricula  in  an   unincn- 
bated  egg   ts   always   oppermost 
lupTocoHs.   whatever  the  position  of  the  egg, 
provided  the  contents  can  rotate 
freely,   and   this  is  due   to  the 
Marginal         lighter  spccific    gravity   of  that 
proiopiMm.     part  of  the  yolk  in  connection 
with   the   cicatricula   (fig,    783). 
In  a  fecundated   egg   the  cica- 
viitHine         tricula  has  a  white  margin  (the 
ncm  nne.      area opaca),  sutTounding aclcar 
transparent   area,  the  b^inning 
of  the  area  pellucida,  contain- 
ing an  opaque  spot  in  its  centre. 
If  an  egg  be  boiled  very  hard, 
and  a  section  made  of  the  yolk,  it  will  be  found  to  consist  of  alternating  layers 


Fig.  783. 

Diagrammatic  longitudiml  section  through  an  tmincn- 

„        0  bated  hen's  egg.    .£'/,  blastoderm ;  (JZ),  yellow  yolk : 

fig   782  lyj)^   „mj   y;,,^   ,nj    Qudeos  of    Pander;    £>M, 

o.  White    i  yellow  yolk  vitelline  membrane;  £IV,  "white;"   C*,  cbalaoe; 

granules  .?,  shell  membrane;  ^5,  shell;  Z^,  air-chaoiier. 

of  white  and  yellow  yolk.     The  outermost  layer  is  a  thin  layer  of  white  yolk, 
which  is  slightly  thicker  at  the  margin  of  the  cicatricula.     Within  the  centre 
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of  the  yolk  is  a  flask-shaped  mass  of  white  yolk,  the  neck  of  the  flask  being  con- 
nected with  the  white  yolk  outside.  This  flask-shaped  mass  does  not  become 
so  hard  on  being  boiled,  and  its  upper  expanded  end  is  known  as  the  "  nu- 
cleus of  Pander ' '  (fig.  783).  The  great  mass  of  the  yolk  is  made  up,  how- 
ever, of  yellow  yolk] 

Microscopically,  tfa«  yellow  yolk  consists  or  soft  yellow  spheres,  of  from  13-100  /i  in 
dianieler,  and  tbey  are  often  polyhedral  from  mutual  pressure  (tig.  7S2,  i).     [They  are  very 
delicate  and  non-nnclealed,  but  filled  with  fine  granules,  which  are,  perhapc,  proteid  in  their 
nature,  as  they  are  insoluble  in  etbei  and  alcohol.     They  are  developed  by  Uie  proliferation  of 
the  gianuloia  celti  of  the  Graafian  follicle,  which  also  seem  ultimately  to  form  the  grantilo. 
fibred  doable  eavelope  or  the  vitelline  membrane  [Eimer).     The  whole  yolk  of  the  hen's 
tfg  is,  regarded  by  some  obscrrera  as  equivalent  to  the  mammalian  ovnin  plus  the  corpus  loleum. 
Microscopically,  the  white  yolk 
coTuisis  of  smail  vesicles  (5-75 
fi)    containing  a.  refractive  sub- 
stance and  larger  sphem  con- 
tainiog  several  smaller  spherules 
(fig.  781,  a).     The  whole  yolli  is 
enveloped     by     the     vitelline 
meinbrane,   which   is  transpa- 
rent, but  possesses  a  tine  fibrous 
stmctoie,  and  it  seems  to  be  allied 

When  the  yolk  is  fully  devel- 
oped within  the  GraalUn  (blUcles 
of  the  hen's  ovarium,  the  follicle 
bursts  and  discbarges  the  yolk, 
which  paatei  into  tbe  oviduct, 
where  in  its  passage  it  lotales, 
owing  to  the  direction  of  the 
folds  of  the  mucons  membrane 
of  the  oviduct.     Tbe  numerous 

glands  of  the  oviduct  secrete  the  p:„  ,0, 

albumin,  or  white  of  the  era,    ,         ,         .         ,  , 

which  is  deposited  in  layers  Vertical  section  of  the  nonn*!  utenne  mucous  membrane,  m, 
aroDud  tbe  yolk  in  its  pasiaee  t<^ther  with  a  pan  of  the  tatjacent  mnscular  layer,  >»,. 
along  the  duct,  and  fonns  at  tbe 
anterior  and  posterior  ctaalaise. 
[The  chalazK  are  two  twisted 
cords  composed  oftwisted  layers 
□r  the  outer  denser  put  of  the 
'  albumin.  They  extend  from  the 
poles  of  the  yolk  not  quite  to  tbe 
outer  part  of  the  albnmin  (lig. 
783,  CA).\  [The  albumin  is  m- 
vested  by  the  membrana  tea- 
tacea  or  ahell- membrane, 
which  is  composed  of  two  layers 
— ^an  outer  thicker  and  an  inner 
thinnerone  (fig.  783I.  Overthe 
greater  part  of  the  albamin  these 
two  layera  are  united,  but  at  the 

broad  end  of  the  hen's  egg  tbey  p,g.  7gc. 

tend  to  separate,  and  air  passing 

through  the  porous  shell  sepa-  Surface  section  of  fig.  784. 

rates  them  more  and  more  as  the 

fluid  of  tbe  egg  evaporates.  Tbis  lir.space  is  not  found  in  fresh-laid  eggs.]  The  layers  consist 
of  spontaneously  copulated  keratin-like  fibres  arranged  in  a  spiral  manner  around  tbe  albumin 
{^Lindvall  apd  Hammarslm),  rEitemal  to  this  is  the  teat  or  shell,  which  Consists  of  >n 
organic  matrix  impr^nated  with  lime  sails.]  The  shell  consists  of  albumin  impregnated  with 
lime  salts,  which  form  a  veiy  porous  mortar.  [The  shell  is  porous,  and  its  inner  layer  is  perfo- 
rated by  vertical  caoaU,  through  which  the  respiratory  exchange  of  the  gases  can  take  place.] 
In  the  eggs  of  some  birds  there  is  an  outer  structureless,  porous,  shmy,  or  (iUty  cuticuta.  Tbe 
shell  is  secreted  in  the  lower  part  of  tbe  oviduct.     Tite  thdl  is  paitly  used  up  for  the  develop- 
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ment  of  the  bona  of  Ibe  chick  (Praut,  Gntai),  mIrtiQiigh  ihit  ii  deaied  by  Pelt  end  Prijir. 
The  pigment  wbicb  often  occun  in  many  llyen  of  the  surface  of  the  eggs  of  sootc  birdi  tppein 
to  be  «  derivative  of  bsemoglobin  and  biliverdin. 

Chemical  Compoaition.^The  yellow  jrolk  is  alkaline,  and  colored  yellow  owing  to  ite 
presFDce  of  lutein,  which  contains  iron.  Il  contains  leveral  pnxeids  [inclndiog  a  gtobaUD  bod)' 
called  vitetlin  (p.  479)],  a  body  resembling  nuclei □,  lecithin,  vitellin,  glycenn-j^uisphoric  add, 
cholestetin,  olein,  palmitin,  dentrose,  potMslc  chloride,  iron,  earthy  phosphates,  fluoric  ud 
silicic  acids.  The  prescoce  of  cerebria,  glycogen,  and  staich  is  uncertain.  [Daresle  Hates  iba 
starch  is  present.] 

[The  albumin  of  egg  contains — water,  86  per  cent. ;  proteids,  1 2 ;  fat  and  citnctiTes,  1.5 ; 
saline  malter,  including  sodic  and  potatsic  chlorides,  phosphates,  and  sulphates,  .5  per  cent.] 

[The  uterus,  a  thick  hollow  muscular  organ,  is  covered  externally  by  > 
serous  coat,  and  Hoed  internally  by  a  mucoua  membrane,  while  t>etween 
the  two  is  the  thick  muscular  coat,  composed  of  smooth  muscular  fibres 
arranged  in  a  great  nutnber  of  layers  and  in  different  directions.  The  mixxras 
membrane  of  the  body  of  the  uterus  in  the  unimpregnatcd  conditioa  has  no 
folds,  while  the  muscularis  mucosae  is  very  well  developed,  and  forms  a  greit 


Fig.  786. 
Dvary,  and  parovariom.    a,  ntenu ;  6,  isthmn*  of  FaUqiu 

.    .       ,        ,  ^,  timbiialed       •    '■        ■  ...... 

/,  ovarian  ligament. 

part  of  the  uterine  muscular  wall.  The  mucous  membrane  is  lined  by  a  single 
layer  of  columnar  ciliated  epithelium.  A  vertical  section  shows  the  mucoot 
membrane  to  contain  numerous  tubular  glands  (fig.  7S4) — the  Uterine  glands— 
which  branch  towards  their  lower  ends.  They  have  a  membrana  propria,  and 
are  lined  by  a  single  layer  of  ciliated  epithelium,  a  sm^l  lumen  being  left  in 
the  centre.  The  utricular  glands  are  not  formed  during  intra-uterine  life 
{Turner),  nor  are  there  any  glands  in  the  human  uterus  at  birth  (C  _/.  Engd- 
mann).  There  are  numerous  slit-like  ^m/^iAV spaces  in  the  mucous  membiaiK 
(Leopold),  which  communicate  with  well-marked  lymphatic  vessels  existing  in 
mis  and  the  other  layers  of  the  organ.  In  the  cervix,  the  mucous  memt^aiK 
is  folded,  representing  in  the  virgin  the  appearance  known  as  the  arbor  vitz. 
The  external  surface  of  the  vaginal  part  of  the  neck  is  covered  by  stAtifieii 
squamous  epithelium,  like  the  vagina.] 

[The  Fallopian  tubes  are  really  the  ducts  of  the  ovaries  (fig.  786).    They 
consist  of  a  serous,  muscular  (an  external,  longitudinal,  and  an  internal  cir- 
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cular)  layer  of  non-striped  muscle,  and  a  mucous  layer  thronn  into  many  folds 
and  lined  by  a  single  layer  of  ciliated  columoar  epithelium,  but  no  glands  (tig. 
787).] 

434.  PUBERTY.— The  term  puberty  is  applied  to  the  period  at  which  a 
human  being  becomes  capable  of  procreating,  which  occurs  from  the  13th  to 
15th  years  in  the  female,  and  the  14th  to  i6th  in  the  male.  In  warm  climates, 
puberty  may  occur  in  girls  even  at  8  years  of  age.  Towards  the  40th  to  50th 
year,  the  procreative  faculty  ceases  in  the  female  with  the  cessation  of  the 
menses ;  this  constitutes  the  tnenopause  or  grand  climacteric,  whilst  in 
man  the  formation  of 

seminal  fluid  has  been 
observed  up  to  old 
age.  From  the  period 
of  puberty  onwards, 
the  sexual  appetite 
occurs,  and  the  ripe 
ova  are  discharged 
from  the  ovary.    [But 

ova    are    discharged  SSJlie™"* 

even  before  puberty  or  '  ' 

menstruation  has  oc-  epiihciium. 

curred.]   At  puberty,  cimiir 

the  internal  and  ex-  fitaM^"*' 

ternal  generative  or- 

gansandtheirannexes  MukuIbi 

become  more  vascular  «™''"' 

and  undergo  develop- 
ment ;   the  pelvis  of  Fig.  ^g^. 
the  female  assumes  the             Tranmise  section  of  the  Fallopian  tube, 
characteristic    female 

shape.  For  the  changes  in  the  mammEe  see  §  330.  At  the  same  time  hair  is 
developed  on  the  pubes  and  axilla,  and  in  the  male  on  the  face,  while  the 
sebaceous  glands  become  larger  and  more  active. 

Other  changes  uccnr,  especiallj  in  the  larynx.  In  the  bojr  the  laiTUX  elongates  in  its 
antero- posterior  diameter,  the  thyroid,  or  Adam's  apple,  becomes  more  prominent,  while  the 
Tocsl  cords  lei^then,  to  that  the  voice  is  hoarse,  or  husLjr,  or  "  breaks,"  the  *oice  being  lowered 
at  least  an  octave.  In  the  female  the  larynx  becomes  longer,  while  the.  compass  of  the  voice  I* 
increased.  The  vital  capacity  (J  108),  corresponding  Co  the  increase  in  the  size  of  the  chest, 
undergoes  a  considerable  increase;  the  whole  form  and  expression  assume  the  characteristic 
semial  appearance,  while  the  psfchical  energies  also  receive  an  inqiolie. 

435.  MENSTRUATION.— External  Signa. — At  regular  intervals  of 
time,  of  2Tyi-28  days  in  a  mature  female,  there  is  a  rupture  of  one  or  more 
ripe  Graafian  follicles,  while  at  the  same  time  there  is  a  discharge  of  blood 
from  the  external  genitals.  This  is  known  as  the  process  of  menstruation  (or 
menses,  catamenia,  or  periods).  Most  women  menstruate  during  the  first  quar- 
ter of  the  moon,  and  only  a  few  at  new  and  full  moon  {StrohlX  In  mammals, 
the  analogous  condition  is  spoken  of  as  the'  period  of  heat  [or  the  "  rut"  in 
deer].  There  is  a  slightly  bloody  discharge  from  the  external  genitals  in  car- 
nivora,  the  mare,  and  cow  (^Aristotle),  while  apes  in  their  wild  condition  have 
a  well-marked  menstrual  discharge  i^Neubert).  [Observations  on  cases  where 
abdominal  section  has  been  performed  have  shown  that  the  Graafian  follicles 
mature  and  burst  at  any  time  {Lawson  Tatt,  Leopold).'\ 

Xhe  onset  of  menstruation  is  usually  heralded  by  coDstitulional  and  local  phenomenon — 
there  is  an  increased  feeling  of  congestion  in  the  internal  generative  organs,  iwin  in  the  back 
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D  the  r^on  of  tb«  ntenu  *ad  ovaries,  which  are  louitive  lo  pressore,  btigae 
in  ine  iimoi,  aiiernate  feeling  of  heat  and  cold,  and  even  a  slight  increase  of  tbe  tempenlm  of 
the  skin  (Xtrsci).  There  may  be  relardatioa  of  the  j»w;ess  of  digestion  and  Tarialioits  in  the 
evBcuBtion  of  the  fiecei  and  urine,  and  ip  the  secretion  of  sweat.  The  duchaige  ia  slimytx  ba, 
and  then  becomes  Moody,  lasting  three  to  foui  days ;  the  blood  is  vcnons,  and  shows  tittle  ta- 
dency  to  coagulate,  provided  it  is  mixed  with  much  alkaline  mucus  from  the  genital  passages; 
bat,  if  the  hemorrhage  be  free,  the  blood  may  be  clotted.  The  quantity  of  blood  ii  ico  to  900 
gnns,  [The  blood  coDtains  many  while  blood -corpuscles  and  epithelial  cella.]  After  cemiion 
of  tbe  dischaif  e  of  blood  there  is  a  moderate  anoum  of  mucu  given  olT. 

The  characteristic  internal  phenomena  which  accompany  menstmation  «e: 
(i)  The  changes  in  the  uterine  mucous  membrane ;  and  (a)  the  rupture  of  tbe 
Graafian  follicle. 

I.  Changes  in  the  Uterine  Mucous  Membrane. — The  uterine  mucoas 
membrane  is  the  chief  source  of  the  blood.  The  ciliated  epithelium  of  ibe 
congested,  swollen,  and  folded,  soft,  thick  (3  to  6  mm.)  mucous  membiane  is 
shed.  The  orifices  of  the  numerous  mucous  glands  of  the  mucous  membrane 
are  distinct,  the  glands  enlarge,  and  the  cells  undergo  fatty  degeneratiim,  and 
so  do  the  tissue  and  the  blood-vessels  lying  between  the  glands.  The  tissne 
contains  more  leucocytes  than  nonnal.  This  fatty  degcDcration  and  the  ei- 
cretion  of  the  degenerated  tissue  occur,  however,  only  in  the  superficial  layeis 
of  the  mucosa,  whose  blood-vessels,  when  torn  across,  yield  the  blood.  Tbe 
deeper  layers  remain  intact,  and  from  them,  after  menstruation  is  over,  the 
new  mucous  membrane  is  developed 
(^Kundrat  and  G.J.  Etigtbnaim).  [Leo- 
pold denies  the  existence  of  this  fatty  de- 
generation. According  to  Williams,  tbe 
entire  mucous  membrane  is  removed  ai 
each  menstrual  period,  and  it  is  r^ene- 
■  rated  from  the  muscular  coat  (fig.  789). 
The  mucous  membrane  of  the  cervix 
remains  free  from  these  changes.] 

2.  Ovulation. — The  second  import- 
ant internal  phenomenon  is  tnnilationj  to 
which  process  the  ovary  becomes  mote 
vascular — the  ripe  follicle  is  turgid  with 
fluid,  and  in  part  projects  above  the  sur- 
face of  the  ovary.  The  follicle  ulti- 
mately bursts,  its  membrsncs  aad  the 
epithelium  covering  of  the  ovary  are 
torn  or  give  way  under  the  pressure,  the 
bursting  being  accompanied  by  the  dis- 
charge of  a  small  amount  of  blood.  At 
the  same  time  the  congested,  turgid,  and 
erected  fimbriated  extremity  of  tbe  Fal- 
lopian tube  is  applied  to  the  ovary,  so  that 
the  discharged  ovum,  with  its  adhereoi 
granulosa  cells,  and  the  liquor  folliculi, 

.    are   caught    by   the    funnel-shaped  ei- 

showiDg  the  cavity  of  the  body  deprived     tremity    of   the    tube    ffie.     786).     The 
of  mucous  membrane  (/.  ffiy/iooti).  „„„™     „.v,«„   a:     \.         j     ■         _;.j   . 

'•'  '  ovum,  when  discharged,  is  earned  to- 

wards the  uterus  by  the  ciliated  epithelium  (§  433)  of  the  tube,  and  perhaps 
also  partly  by  the  contraction  of  its  muscular  coat.  Ducalliez  and  Kites  foninj 
that,  by  fully  injecting  the  blood-vessels,  they  could  imitate  the  erection  of  tbe 
Fallopian  tube.  Rougat  points  out  that  the  non-striped  muscle  of  the  broad 
ligaments  may  cause  constriction  of  the  vessels,  and  thus  secure  the  necessan 
Injection  of  the  blood-vessels  of  the  Fallopian  tube. 


Hg.  788.  Fig.  789. 

Fig.  7!(S. — Diagram  of  the  uterus  just  before 
menstruation.  The  shaded  portion  repre- 
sents the  mucous  membrane.  Fig.  789. — 
Uterus  when  menstniatioQ  baa  just  erased, 
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Pflitger's  Theoiy  of  Ovulation. — There  are  two  tbeoriei  m  io  the  coonection  betwecD 
ovulation  or  the  discharge  of  an  ovum  and  the  escape  of  blood  from  the  uterine  mucous  mem- 
brane. FflUger  regards  the  bloody  discharge  from  the  superficial  Ujen  of  the  uterine  mucous 
membrane  ai  a  physiological  preparalion  or  "  freshening"  of  the  tiiiue  (in  the  surgical  lenie), 
by  which  it  will  be  prepared  to  recei»e  the  omm  when  the  latter  reaches  the  nteru*,  so  that 
union  can  take  place  between  the  ovum  and  the  freshly  exposed  surface  of  the  mucoos  mem- 
brane, and  thus  the  ovum  will  receive  nourishment  from  a  new  surface. 

Reichert'a  Theory. ^This  view  is  opposed  to  that  of  Reichert,  Eagelmann,  Williams,  and 
others.     According  to  Reichett's  theory,  before  an  ovum  is  discharged  at  all  there  is  a  sympa- 
thetic change  in  the  uterine  mucous  mem- 
brane, whereby  it  becomes  more  vascular, 

more  spongy,  and  swollen  op     Themuconi  ofovuT. 

membrane  so  altered  is  spoken  of  as  the 

mtmbrana  decidua  miHslrualis,  and  from  lyer  of  follicle, 

its  nature  it  is  in  a  proper  condition  to  re-   i  iietw«ii     mt 

CeivE,  retain,  and  nourish  a  fertilized  ovum  id  mnlca  propria, 

which  may  come  into  contact  with  it.     If 

the  ovum,  however,  be  not  fertiliied,  and  am)  thickened 

escape  from  the  genital  passages,  then  the 
uterine  mucous  membrane  degenerates,and 
blo()d  is  shed  as  above  described.     Accoed-  „. 

ing  to  this  view  the  hemorrhage  from  the  ^8'  ''^ 

uterine  roticous  membrane  is  a  sign  of  the         ^TtA  corpus  luteum. 
iM>n  occurrence  of  pregnancy  ;  the  mucous 

membrane  degenerates  bemuse  it  is  not  required  for  this  occasion  ;  the  menstrual  blood  is  an 
external  sign  that  the  ovum  has  not  been  impregnated.  So  that  pr^nancy,  i.  r.,  the  develop- 
mcDt  of  the  embryo  in  utero,  is  lo  be  calculated,  not  from  the  last  menstiuatioa,  but  from  some 
lime  between  the  last  menstruation  and  the  period  which  does  not  occur. 

In  some  cases  the  ovulation  and  the  formation  of  the  decidua  mensiruatis  occur  separately,  so 
that  there  may  be  menstruation  without  ovulation,  and  ovulation  without  menstruation. 

Corpus  Luteum. — When  a  Graafian  follicle  burets,  it  discharges  its  con- 
tents and  collapses ;  in  the  interior  are  the  remains  of  the  membrana  granulosa 

and  a  small    effusion  of 
blood,  which  soon  coagu- 
lates.    The  small  rapture 
fCorpui  soon  heals,  after  the  seram 
jwltha    is  absorbed.    The  vascular 
«o™  '"^^  °^  ^^^  follicle  swells 
up.    Villous  prolongations 
or  granulations  of  young 
connective- tissue,  rich  in 
capillaries  and  cells,  grow 


Corpus  luteum  of  cow  (X  l^j).  Lutein  cells  from  the  corpus  luteum  of  cow. 

into  the  interior  of  the  follicle  (Hg.  791).  Colorless  blood-corpuscles  also 
wander  into  the  interior.  At  the  same  time  the  cells  of  the  granulosa  prolife- 
rate and  form  several  layers  of  cells,  which  ultimately,  after  the  disappearance 
of  a  number  of  blood-vessels,  undergo  fatt^  degeneration,  lutein  and  /atiy 
matter  being  formed,  and  it  is  this  mass  which  gives  the  corpus  luteum  its  yel- 
low color  (fig.  792).     The  capsule  becomes  more  and  more  fused  with  the 
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ovarian  stroma.  If  pregnancy  does  not  take  place  after  the  menstruation,  then 
the  fatty  matter  is  rapidly  absorbed,  and  the  effused  blood  is  changed  into 
hjematoidin  (§  ao)  and  other  derivatives  of  haemoglobin,  while  there  is  a 
gradual  shrivelling  of  the  whole  mass,  which  is  complete  in  about  four  weeks, 
only  a  very  small  remainder  being  left.  Such  a  corpus  luteum,  /.  e.,  one  oot 
accompanied  by  pregnancy,  is  called  a  false  corpus  luteum.  If,  however, 
pregnancy  occurs,  then  the  corpus  luteum,  instead  of  shrivelling,  grows  and 
becomes  a.  large  body,  especially  at  the  third  and  fourth  month,  the  walb  are 
thicker,  the  color  deeper,  so  that  the  corpus  luteum  at  the  period  of  delix-ery 
may  be  6  to  10  mm.  in  diameter,  and  its  remains  may  be  found  in  the  ovary 
for  a  very  long  time  thereafter  (fig,  791).  This  form  is  sometimes  spoken  of 
as  a  true  corpus  luteum.  [We  cannot  draw  a  sharp  distinction  between 
these  two  forms.]  Only  a  very  small  number  of  the  ova  in  the  ovary  undo^o 
development  and  are  discharged ;  by  far  the  greater  number  degenerate 
{Siavjansky). 

436.  PENIS— ERECTION— Penii.— [The  penis  is comptned  of  the  t¥fo  loi^  cylindri- 

cbI  corpora  cavemosa,  and  ihe  corpus  gpongioBum,  which  lies  betweea  and  below  ikem, 

■nd  surrounds  the  urethn.  (tig.  793) ;  these  are  held  together  by  fibroni  and  mascnlai-  shealbi.  ud 

are  composed  of  erectile  tiaaue.J     Our  knowledge  of  the  distribution  of  the  blood  within  the 

peais  is  chiefl<r  due  to  C.  Langer*!  re*e>rches.     The  albnginea  of  the  coqius  spoogionm  counu 

of  tendinoDi  conDectiTe-Untie,  containing  diiclilT-woven  elastic  tissue  and  smooth  mnscolar  Gbtrt, 

a  d  K  a.Ji  which  togctiicr  form  a  sJid   fibrous  cme- 

lope,  from  which  nomeroDS  interlacing  in- 

g^lQ  becniee  pan  into  the  interior,  so  thil  ^ 

SujKiliciiil  fucla.         corpos   spongicmm   comei    to   roonUc  s 

sponge.   The  anulamosing  spaces  boaadcd 

FibiouscMiof  c.c.    ^  <^etK  irabecnte  fbnn  a  series  of  lUer- 

Corpm  eavemM.im.    Communicating    venous   spu~cs  or  sinua 

Riled  with  blood  and  lined   braUja-of 

IJteihn,  endothdium  condituting   erectile    time 

Cig-  794)>    "^^  latgeM  sinuses  lie  in  tiic 

CMp«.n»nBl«u«..    '""*'   ""<'  Mtemal    part   of   the  con- 

■^  "^  '  cavemosum,  while  they  are  less  nsmeroa 

and  smaller  in  the  upper  part.     The  snull 

arteries  arise  from  the  A .  piofiioda  pemi, 

^K-  79S>  which  runt  along  the  septnm,  and  pass  10 

Transverse  section  across  the  nJddle  third  of  the  'l""  iraboculae  after  following  a  ray  sini 

bodTof  the  penis.    «,  nerve ;  a,  artery;  ».  vein.  ""Course.     At  the  outer  part  of  the  c«- 

pui  spongiosum,  some  of  the  smaU  irtenci 

become  directly  coDtinaoos  with  ibe  Isiga 

venous  ilattMi;    some  of  them,  howerei,  terminate  in  c^llaiies  both  in  the  outer  pur  sad 

within  Ihe  corpus  ipongiosnm,  the  eapillarui  uttimately  terminating  in  the  venons  sinoses.    TIk 

hehcine  arteriei  of  the  penis  described  by  Joh.  MQUer  are  merely  much  twisted  arteries.    Tat 

difp  veins  of  the  penis  arise  by  Bne  veinlets  within  the  body  of  the  organ,  while  the  veios  pn>- 

ceeding   from  the  cavernous  spaces  pass  to  the  dorsum  of  the  penis  to  form  the  hka  dfrsmiii 

fenis  (fig.  793).     As  these  vessels  have  to  traverse  the  meshes  of  the  vascular  network  in  ttie 

cortex  of  the  corpora  cavernosa  penis,  it  is  evident  that,  when  the  network  is  coogcsted  by  beii^ 

filled  with  blood,  it  must  compress  the  outgoing  venous  irunlis.   The  corpus  caTatkosain  mtthre 

consists  for  the  most  part  of  an  external  layer  of  closely  packed  anastomosing  veins,  which  i«- 

round  the  longitudinally  directed  blood-vessels  of  the  urethra. 

In  the  Aog  all  the  arteries  of  the  penis  run  at  first  towards  the  surface,  where  they  divide  iato 
penicilli.  The  vdns  arise  bma  the  ciliary  loops  in  the  papillae,  and  they  empty  their  bJood 
into  the  cavernous  spaces.  Only  a  small  part  of  the  blood  passes  to  (he  cavenxnu  sgteti 
through  the  internal  capillaries  and  veins,  but  onerial  blood  never  flows  directly  into  these  spacei 
(J/,  V.  Friy). 

Mechanism  of  Erection. — Erection  is  due  to  the  over-filling  of  the 
blood-vessels  of  the  penis  with  blood,  whereby  the  volume  of  the  organ  is 
increased  four  or  five  times,  while,  at  the  same  time  there  are  also  a  higher 
temperature,  increased  blood -pressure  (to  J^  of  that  in  the  carotid — Eckkari), 
with  at  first  a  pulsatile  movement,  increased  consistence,  and  erection  of  the 
organ. 
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Rcgacr  de  Gruf  obtained  complete  erection  of  the  penis  b;  forcibly  injectinc  it*  blood-vesseli 

(1668). 

The  preliminary  phenomena  consist  in  a  considerable  increase  of  the 
arterial  blood-supply,  the  arteries  being  dilated  and  pulsating  strongly.     The 
arteries  are  controlled  by  the  nervi  erigentes.     The  nervi  erigentes  [called 
by  Gaikell  the  pelvic  splanchnics  (fig.  530)]  arise  chiefly  from  the  second 
(more  rarely  the  third)  sacral  nerves  (dog),  and  have  ganglionic  cells  in  their 
course  {Zcvia,  Nikolsky).     These  nerves  contain  vaso-dilator  fibres,  which 
can  be  excited  in  part  re- 
flex! y    from     the    sensory 
nerves   of   the    penis,    the 
transference  centre  being 
in   the  centre  for  erection 
in  the  spinal  cord  (|  372, 
4).       Sensory   impressions 
produced     by     voluntary 
movements  of  the  genital 
apparatus   (by  the  ischio- 
and    bulbo-cavemosi    and 
cremaster  muscles)  can  also 
discharge  this  reflex;  while 

the  thought  of  sexua!  im-  ^ 

pulses,  referable  to  the 
penis,  tends  to  induce  erec- 
tion. The  nervi  erigentes 
also  supply  the  longitudi- 
nal fibres  of  the  rectum 
(^Fellner). 

The  centre  for  erec-  FiK-7<M- 

tion    in    the    spinal     cord      Erectile  tissue,    o,  lr»beculie  of  connective-tisnie  with  elastic 
(§   3*^'!     >)     is,     however,  fibres  and  smooth  iniucle(i-];  J.  renous  spues, 

controlled  by  the  dominat- 
ing vaso-dilator  centre  in  the  medulla  oblongata  (§  371),  and  the  two  centres 
are  connected  by  fibres  within  the  cord ;  hence,  stimulation  of  the  upper  part 
of  the  cord,  as  by  asphyxiated  blood  (§  362,  5)  or  muKarin,  may  also  be 
followed  by  erection  (^Nikolsky).  [The  seminal  fluid  is  frequently  found  dis- 
charged in  persons  who  have  been  hanged.] 

The  psychical  activity  of  the  cerebrum  has  a  decided  inRueace  on  the  genital 
vaso-dilator  oerves.  Just  as  the  psychical  disturbance  which  accompanies 
anger  or  shame  is  followed  by  dilatation  of  the  blood-vessels  of  the  head, 
owing  to  stimulation  of  the  vaso-dilator  fibres,  so  when  the  attention  is  directed 
to  the  sexual  centres  there  Is  an  action  upon  the  nervi  erigentes.  This  action 
of  the  brain  is  more  comprehensible,  since  we  know  that  the  diameter  of  the 
blood-vessels  is  affected  by  the  cortex  cerebri  (§  377).  The  fibres  probably 
pass  from  the  cerebrum  through  the  peduncles  of  the  cerebrum  and  the  pons; 
as  a  matter  of  fact,  if  these  parts  be  stimulated,  erection  may  take  place 
(§  362,  4)  iEckhard). 

When  the  impulse  to  erection  is  obtained  by  the  increased  supply  of  arterial 
blood,  the  full  compltHon  of  the  act  is  brought  about  by  the  activity  of  the 
following  transversely  striped  muscles  :  (t)  "Wx  ischio-cavemosus  a.\\ix^  icaas. 
the  coccyx,  and  by  its  tendinous  union  surrounds  the  root  of  the  penis  (fig. 
203).  When  it  contracts,  it  compresses  the  root  of  the  penis  from  above  and 
laterally,  so  that  the  outflow  of  blood  from  the  penis  is  hindered.  It  has  no 
action  on  the  dorsal  vein  of  the  penis,  as  this  vessel  lies  in  a  groove  on  the 
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dorsum  of  the  penis,  and  is  therefore  protected  from  compression  by  the  tendon. 
(2)  The  deep  transversus  perinei  \%  perforated  by  the  venae  prorundx  penis, 
which  come  from  the  corpora  cavernosa,  so  that  when  it  contracts  it  must 
compress  these  veins  between  the  tense  horizontal  fibres  (fig.  795,  6).  The 
deep  veins  of  the  penis  join  the  common  pudendal  vein  and  the  plexus  San- 
torini.  (3)  Lastly,  the  bulbo-cavemosus  is  concerned  in  the  hardening  of  the 
urethral  corpus  spongiosuni,  as  it  compresses  the  bulb  of  the  urethra  (figs,  795, 
5,  203).  All  these  muscles  are  partly  under  the  control  of  the  will,  whereby 
the  erection  may  be  increased.  Normally,  however,  their  contraction  is  excited 
reflexly  by  stimulation  of  the  sensory  nerves  of  the  penis  (§  362,  4). 

The  coneestioc  of  blood  ii  not  complete,  else,  in  palbological  cases,  coutiaaoiu  erecCioa,  is 
in  MtyriBsU,  would  give  rite  Ui  gin^ene.  The  accnmuluion  of  the  blood  in  tlie  penis  is  finrcd 
by  the  f>ct  [hat  tbe  origins  of  tbe  veips  of  ihe  penis  lie  in  the  corpus  caTeraosam,  whid,  vfaCD 
it  enlarges,  must  compress  them.  There  an!  also  inbecnlar  smooth  mnscnlar  Bbres,  which 
compress  the  laige  venous  pleiua  of  SanlorinL 

That  erection  is  a  complex  motor  act  depending  on  the  nervous  system,  is  proved  bj  as 

eiperimeni  of  Hausniann.  who  found  that  section  of  the  neires  of  tbe  penii  prevented  excctkn 

in  a  stallion.     The  imperfect  ereaion  which  occurs  in  the  female  is  confined  to  the  corpora 

cavernosa  clitoridis  and  the  boibi  vestibvlL 

-  During     erection,    the     paiaage    from    [be 

urethra  to  the  bladder  is  closed,  partly  b* 

ibe  swelling  of  the  caput  galliDagims,  and 

partly   (7    the    aaion    of    lb«    tphincier 

urethne,  which  is  connected  with  the  deep 

Irannersns  perinei. 

437.  EMISSION  AND  RE- 
CEPTION OPTHE  SEMEN. 

— In  connection  with  the  emission 
of  the  seminal  fluid  we  must  dis- 
tinguish two  different  factors:  (i) 
its  pasage  from  the  testicles  to  the 
vesiculse  seminales;  (3)  the  act  of 
emission  itself.  The  former  is 
caused  by  the  newly  secreted  fluid 
forcing  on  that  in  front  of  it,  by 
the  action  of  the  ciliated  epithe- 
lium (which  lines  the  epididymis  to 
the  beginning  of  the  vas  deferens), 
and  also  by  the  peristaltic  movements 
of  the  smooth  muscalar  fibres  of  the 
vas  deferens.  Emission,  however, 
requires  strong  peristaltic  contrac- 
tions of  the  vasa  deferentia  and  the 

„    , ..     "S-/?'-  vesiculje      seminales,      which      are 

Anlenor  wall  of  the  pelvis  with   the   urogenital    ,  u.    u      ..  1,     .1.     —o         .-      1 

septum  seen  from  the  front.     The  corpus  caver-    brought  about  by  the  reflex  stlmula- 

nosum  (4)  with  the  urethra  (3)  is  cut  across    tion  of  the  emission  centre  in  the 

below  its  exit  from  the  pelvis,     i,  symphysis    spinal  cord  (§  362,  5).      As  sewn  as 

pubis;  2,  dotsal^  vein  "'^'^^^  P^''''^^^'  i"^^  the  seminal  fluid'reaches  the  urethra, 

there  is  a  rhythmical  contraction  0 

the  bnlbocavemosus  muscle  (pro 

duced  by  the  mechanical  dilatation 

of  the  urethra),  whereby  tbe  fluid  is  forcibly  ejected  from  the  urethra.     Both 

vasa  deferentia  and  vesiculse  do  not  always  eject  their  contents  into  the  nrethta 

simultaneously.     With  moderate  excitement  the  contents  of  only  one  may  be 

discharged.     The  ischio -cavern osus  and  deep  transverse  perinei  contract  at  the 

same  time  as  the  bulbo-cavernosus,  although  the  former  have  no  effect  on  the 


Sec.  437.]  FERTILIZATION   OF   THE   OVUM.  IO79 

act  of  ejaculation.  In  the  female  also,  under  normal  circumstances,  at  the 
height  of  the  sexual  excitement  there  is  a  reflex  movement  corresponding  to 
emission.  It  consists  of  a  movement  analogous  to  that  in  man.  At  first  there 
is  a  reflex  peristaltic  movement  of  the  Fallopian  tube  and  uterus,  proceeding 
from  the  end  of  the  tube  towards  the  vagina,  and  produced  reflexly  by  the 
stimulation  of  the  genital  nerves. 

Dembo  observed  that  stimulation  of  the  anterior  upper  wall  of  the  vagina  in 
animals  caused  a  gradual  contraction  of  the  uterus.  By  this  movement,  cor- 
responding to  that  of  the  vasa  deferentia  in  man,  a  certain  amount  of  the 
mucus  normally  lining  the  uterus  is  forced  into  the  vagina. 

This  is  followed  by  the  rhythmical  contraction  of  the  sphincter  cunni 
(analogous  to  the  bulbo-cavemosus),  also  of  the  ischio-cavernosus,  and  deep 
transversus  perinei.  The  uterus  is  erected  by  the  powerful  contraction  of  its 
muscular  flbresand  round  ligaments,  while  at  the  same  time  it  descends  towards 
the  vagina,  its  cavity  is  more  and  more  diminished,  and  its  mucous  contents  are 
forced  out.  When  the  uterus  relaxes  after  the  stage  of  excitement,  it  aspirates 
into  its  cavity  the  seminal  fluid  injected  into  the  vestibule  {Aristotle^  Bischoff). 

But  the  suction  of  the  greatly  excited  uterus  is  not  necessary  for  the  reception  of  the  semen 
(Aristotle).  The  spermatozoa  may  wriggle  by  their  own  movements  from  tne  vagina  into  the 
orifice  of  the  uterus  (Kristeller),  The  cases  of  pregnancy  where  from  some  pathological  causes 
(partial  closure  of  the  vagina  or  vulva)  the  penis  has  not  passed  into  the  vagina  during  coition, 
prove  that  the  spermatozoa  can  tranverse  the  whole  length  of  the  vagina,  and  pass  into  the 
uterus. 

438.  FERTILIZATION  OF  THE  OVUM.— The  ovum  is  fer- 
tilized by  one  spermatozoon  passing  into  it.  « 

Swammerdam  (f  1685)  proved  that  contact  of  the  semen  with  the  ovum  was  necessary  for 
fertilization.  Spallanzani  ( 1 768)  proved  that  the  fertilizing  agent  was  the  spermatozoa,  and  not 
the  clear  filtered  fluid  part  of  the  semen,  and  that  the  spermatozoa,  even  after  being  enormously 
diluted,  were  still  capable  of  action.  Martin  Barry  (1850)  was  the  first  to  observe  the  entrance 
of  a  spermatozo5n  into  the  ovum  of  the  rabbit.  This  occurs  pretty  rapidly,  by  a  boring  move- 
ment through  the  vitelline  membrane  yLeuckart^,  The  entrance  is  effected  either  through  the 
porous  canals  or  the  micropyle  {JCeber^  p.  1067). 

The  sticky  surface  of  the  ovum  enables  the  spermatozodn  to  adhere  to  it.  At  the  place 
where  the  head  of  the  spermatozodn  touches  the  yolk,  there  is  formed  opposite  to  it  an  eleva- 
tion of  the  yolk.  As  soon  as  a  spermatozodn  has  penetrated  into  the  yolk,  the  other  sperma- 
tozoa are  prevented  from  entering  the  ovum,  owing  to  the  formation  of  a  membrane  on  the  sur- 
face of  the  yolk  [Selenkd),  Thermal  and  chemical  stimuli,  and  mechanical  vibrations  of  unfer- 
tilized ova  cause  ova  to  lose  their  power  of  preventing  more  than  one  spermatozoa  from  entering 
an  ovum  {^Hertwig), 

Place  of  Fertilization. — The  place  where  fertilization  occurs  is  either  the 
ovary ^  as  indicated  by  the  occurrence  of  abdominal  pregnancy,  or  the  Fallopian 
tubcy  and  the  numerous  recesses  in  the  latter  afford  a  good  temporary  nidus  for 
the  spermatozoa.  This  view  is  supported  by  the  occurrence  of  tubal  pregnancy. 
Thus,  the  spermatozoa  must  be  able  to  pass  through  the  Fallopian  tube  to  the 
ovary,  which  is  probably  brought  about  chiefly  by  the  movements  proper  to  the 
sp>ermatozoa  themselves.  It  is  uncertain  whether  the  p>eristaltic  movements  of 
the  uterus  and  Fallopian  tube  are  concerned  in  this  process  ;  certainly  ciliary 
movement  is  not  concerned,  as  the  cilia  of  the  Fallopian  tube  act  from  above 
downwards.  When  once  the  ovum  has  passed  unfertilized  into  the  uterus,  it  is 
not  fertilized  in  the  uterus.  It  is  assumed  that  the  ovum  reaches  the  uterus 
within  2  to  3  weeks  (in  the  bitch,  8  to  14  days). 

Twns  occur  in  i  in  87  pregnancies,  but  oftener  in  warm  climates ;  trip- 
lets, I  :  7600 ;  four  at  a  birth,  i :  330,000.  More  than  six  at  a  time  have  not 
been  observed.     The  average  number  of  pregnancies  in  a  woman  is  4^. 

Superfecundation. — By  this  term  is  understood  the  fertilization  of  two  ova  at  the  same 
menstruation^  by  two  different  acts  of  coition.    Thus,  a  mare  may  throw  a  foal  and  a  mule. 
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after  being  covered  first  by  a  stallion  and  then  by  an  ass.  A  white  and  black  child  have  been 
born  as  twins  by  a  woman. 

SuperfoBtation  is  when  a  second  impregnation  takes  place  at  a  hUer  period  of  pregnancy,  as 
in  the  second  or  third  month.  This,  however,  is  only  possible  in  a  doable  utems,  or  when 
menstruation  persists  until  the  time  of  the  second  impregnation.  It  is  said  to  occur  frequently  in 
the  hare. 

Hybrids  are  produced  when  there  is  a  cross  between  different  species  (horse,  ass,  zebra — dog, 
jackal,  wolf— goat,  ibex — goat,  sheep — species  of  llama — camel,  dromedary — tiger,  lion — spedes 
of  pheasant — goose,  swan — carp,  crucian — species  of  butterflies).  Most  h^>rids  are  sterile, 
especially  as  regards  the  formation  of  properly  formed  spermatozoa ;  while  the  hybrid  females 
are  for  the  most  part  fertile  with  the  male  of  both  parents,  e,  ^.,  the  mule ;  but  the  chazactexs 
of  the  offspring  tend  to  return  to  those  of  the  species  of  the  parents.  Very  few  hybrids  are 
fertile  when  crossed  by  hybrids.  In  many  species  of  finogs  the  absence  of  hybrids  is  accoooted 
ibr  by  the  mechanical  ob^cles  to  fertilization  of  the  ova. 

Tubal  Migration  of  the  Ovum. — Under  exceptional  circumstances,  the 
ovum  discharged  from  a  ruptured  Graafian  follicle  passes  into  the  Fallopian  tobe 
of  the  other  side,  as  is  proved  by  the  occurrence  of  tubal  pregnancy  and  preg- 
nancy of  an  abnormal  rudimentary  horn  of  the  uterus,  in  which  case  the  true 
corpus  luteum  is  found  on  the  other  side  of  the  ovary.  This  is  spoken  of  as 
"external  migration"  {Kussmaui^  Leopold),  This  observation  coincides 
with  experiment,  as  granular  fluids,  e,  g.,  China-ink,  when  injected  into  the 
peritoneal  cavity,  pass  into  both  Fallopian  tubes,  and  are  carried  by  the  ciliated 
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Fig.  796. — Formation  of  polar  globules  in  a  star-Hsh  (Asterias  gladalis).  A,  ripe  ovum,  with 
eccentric  germinal  vesicle  and  spot ;  B-E,  gradual  metamorphosis  of  germinal  vesicle  and 
spot,  as  seen  in  the  living  egg^  into  two  asters ;  F,  formation  of  Brst  polar  globule,  and 
withdrawal  oT  the  remaining  part  of  the  nuclear  spindle  within  the  ovum ;  G,  sorfoce  view 
of  living  ovum  with  view  of  first  polar  globule ;  H,  formation  of  second  polar  globole ,  i, 
a  later  stage,  showing  the  remaining  internal  part  of  the  spindle  in  the  form  of  two  decr 
vesicles ;  K,  ovum  with  two  polar  globules  and  radial  striae  around  the  female  pronadeos ; 
L,  extrusion  of  polar  globule.  {Geddes:  A-K,  ailer  Fol;  L,  after  O.  Hertwig).  Fig. 
797- — ^S  of  Scorpaena  scrofa.  The  germinal  vesicle  b  extruding  a  pdar  globule,  and 
withdrawing  towards  the  centre  of  the  ovum.     Near  it  is  the  male  pronucleus. 

epithelium  to  the  uterus  (JPinner).  In  animals  with  a  double  uterus  with  two 
orifices,  the  ova  may  migrate  through  the  os  of  the  one  into  the  other  uterus,  a 
condition  which  is  spoken  off  as  '<  internal  migration." 

439.  IMPREGNATION— CLEAVAGE— LAYERS  OF  THE 
EMBRYO. — Maturation  of  the  Ovum. — In  birds  and  mammals,  im- 
portant changes  occur  in  the  ovum  before  impregnation.  The  germinal 
vesicle  comes  to  the  surface  and  disappears  from  view,  while  the  germinal  spot 
also  disappears.  In  place  of  the  germinal  vesicle,  a  spindle-shaped  body 
appears.  The  granular  elements  of  the  protoplasmic  vitellus  arrange  them- 
selves around  each  of  the  two  poles  of  the  spindle,  in  the  form  of  a  star,  the 
double-star,  or  diaster  of  Fol — nuclear  spindle  (figs.  796,  797).  When  this 
takes  place,  ikit  peripheral  pole  of  the  nucleus  or  altered  germinal  vesicle,  along 
with  some  of  the  cellular  substance  of  the  ovum,  protrudes  upon  the  surface  of 
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the  vitellus,  where  they  are  nipped  ofT  from  the  ovum  in  the  form  of  small  cor- 
puscles, just  like  an  excretory  product  (fig.  798).     These  bodies,  which  are  not 
made  use  of  in  the  further  development  and  growth  of  the  ovum,  are  called 
polar  or  directing  globules  i^Fol,  Butschli,  O.  Iferiwig),  although  the  elimi- 
nation of  small  bodies  from  the  yolk  was  known  to  Dumortier  [1837],  BischofT, 
P.  J.  van  Beneden,  Fritz  Miiller  [1848],  Rathke,  and  others.     The  remaining 
part  of  the  germinal  vesicle  slays  within  the  vitellus  and  travels  back  towards 
the  centre  of  the  ovum,  to  form  the  female  pronucleus  {O.  Herhvig,  Fol, 
SeUnka,  E.  van  Benedtn).     [Before,  how- 
ever, the  altered  germinal  vesicle  travels 
downwards  again  into  the  substance  of  the 
ovum,  it  divides  again  as  before,  and  from 
it  is  given  off  the  second  polar  globule,  and 
then  the  remainder  of  the  germinal  vesicle 
forms  the  female  pronucleus  (fig.  796).     At 
the  same  time  the  vitellus  shrinks  some- 
what within  the  vitelline  membrane.] 

Impregnation. — As  a  rule,  only  one 
spermalozo5n  penetrates  the  ovum,  and  as  F     oX 

it  does  so,  it  moves  towards  the   female    „       ,  „  I"'  7  .  ■    ,     - , 

pronucleus    while  its  he.d   become,  „r-    ^„:'A,S.l''pi;i'?S£"',r.S 
rounded  with  a  star ;   it  then  loses  its  head        .ndfeniale  pronuclei  ne«r  eiich  other. 
and  cilium,  or  tail,  the  latter  only  serving 

as  a  motor  organ,  while  the  remaining  middle  piece  wells  up  to  form  a 
second  new  nucleus,  the  male  pronucleus  {Fol,  Selenka),  or  sperm  nucleus 
(^Hertwig).     According  to  Flemming,  it  is  the  anterior  part  of  the  head,  and 


Fig.  799. 

Segmenmion  of  Bnbbirsovuin.  a,(wo-ce)ledaU£e;  J,  four-celled  ilage;  f,  eigbt-ccUedstBge; 
di,  manf  bUstomeres,  ihowing  ihe  more  rapid  diviiion  of  the  out-layer  celli,  and  ihegnkdua) 
eDClosare  of  the  inner- layer  cells;  ect,  outer-layer  cells;  tni,  inner-layer  cells;  fgl,  polar 
globules  1  I/,  zona  pellucida. 

according  to  Rein  and  Eberth,  it  is  the  head  which  is  so  changed.  Thereafter, 
the  male  and  female  pronucleus  unite,  undergoing  amceboid  movements  at  the 
same  time,  to  form  the  new  nucleus  of  ^t  fertilized  ovum.  The  female  pro- 
nucleus receives  the  male  pronucleus  in  a  little  depression  on  its  surface.  There- 
after the  yolk  assumes  a  radiate  appearance  {Rein).     [The  union  of  the  repre- 
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sentattves  of  the  male  and  female  elements  forms  the  first  embryonic  segmenla- 
Hon  sphere  or  blastosphere,  which  divides  into  two  cells,  and  these  again 
into  four,  and  so  on  (fig.  799)-] 

In  Echinoderms,  O.  Heitwig  uid  Fol  observed  thai  several  einbr]n>s  were  TraiDed  when,  undn- 
abDormal  conditions,  several  tpenDatoEoa  penetrated  in  ovum.  The  male  pronnclei.  fiwDKd 
from  the  several  sperm«toio«,  then  fuied  «ach  with  a  fragment  of  the  female  pronacieio. 
Under  similu'  circa mitanccs.  Bom  cdwerved  in  amphibians  ebnonna]  cleavage,  but  no  timber 
development. 

Cleavage  of  the  Yolk. — In  an  ovum  so  fertilized  the  yolk  contracts  some- 
what around  the  newly-formed  nucleus,  so  that  it  becomes  slightly  separated 
from  the  vitelline  membrane,  and  for  the  first  time  the  nucleus  and  the  yolk 
divides  into  two  nucleated  spheres.  This  process  is  spoken  of  as  a  complete 
cleavage  or  fission  (fig,  799)-  Each  of  these  two  cells  again  divides  into 
two,  and  the  process  is  repeated,  so 
that  4,  8,  16,  32,  and  so  on,  spheres 
are  formed  (fig.  800).  This  consti- 
tutes the  cleavage  of  the  yolk,  and  the 
process  goes  on  tintil  the  whole  yolk  is 
subdivided  into  numerous  small,  nu- 
cleated spheres,  the  "  mulberry 
mass"  or  "  s  egm  en  t  a  t  io  a 
"morula,"   or   the 


Fig.  800. 


Cleavage  of  the  yolk  of  the  kos  of  Anchjlo-    __!,»-»- 

Momum  duodenale.  spneres  ,.   ,      l  /      . 

protoplasmic  primordial  spheres  (20  to 
25  p)  which  are  devoid  of  an  envelope.  [Each  cell  divides  by  a  process  of 
mitosis.  According  to  Van  Beneden,  the  segmentation  begins  in  \—%  hours  after 
the  union  of  the  pronuclei,  and  the  process  is  complete  in  about  75  houis. 
These  primitive  cells,  from  which  all  the  tissues  of  the  future  embryo  are  formed, 
are  called  blastomeres.] 

Variation  of  Lines  of  Cleavage, — According  to  the  observations  of  PflQger,  ib«  ova  of  the 
frog  can  be  made  to  undergo  cleavage  in  very  different  directions,  according  to  the  angle 
lielween  the  axis  of  the  egg  and  the  line  of  gravitation.     Iliis  of  courBe  we  can  alter  as  «e 


Fig.  801.  Fig.  Soa. 

Fig.  801. — Blailodennic  vesicle  of  a  rabbit,     ect,  ectoderm,  or  outer  lajer  of  cells;  emi,  inno' 

layor  of  celU.     Fig.  803. — Pr,  primitive  streak;   R,  medullaij  groove;    f/,  tiist  prMo- 
vertebra 

please,  by  placing  the  eggs  at  any  angle  to  the  line  of  gravitation.  By  the  axis  of  the  ovam  u 
meant  a  line  Connecting  the  centre  of  ihe  black  surface  and  the  middle  of  the  while  part,  which. 
in  the  fenilized  ovum,  is  always  vertical.  In  such  cases  of  abnormal  cleavage  the  dcpositioa  of 
the  organs  takes  place  from  other  constituents  of  the  egg  than  those  from  which  they  are  fonntiJ 
under  nonnal  conditions.  Under  normal  circumstances,  according  to  Rout,  the  Rrst  line  of 
cleavage  in  the  fn^  is  in  the  same  direction  as  the  centr^  nervous  system.     The  second  iater- 
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im  into  Iwo  untqunl  parts,  tbe 

Blastoderm. — During  this  time  the  ovum  is  enlarging  by  absorption  of 
fluid  into  its  interior.     All  the  cells,  from  mutual  pressure  against  each  other, 
become  polyhedral,  and  are  so  arranged  as  to  form  a  cellular  envelope  or  blad- 
der, the  blastoderm,  or  germinal  membrane,  which  lies  on  the  internal 
surface  of  the  vitelline  membrane  {Z>e  Graaf,  v.  Baer,  Bischoff,  Caste).     A 
small  part  of  the  cells  not  used  in  the  formation  of  the  blastoderm  is  found  on 
some  part  of  the  latter.   [In  the  ovum  of  the  bird,  where  there  is  only  partial 
segmentation,  the  blastoderm  is  a  small  round  body  resting  on  the  surface  of 
the  yolk,  under  the  vitelline  membrane,  so  that  it  does  not  completely  surround 
the  yolk,  or  a  hallow  cavity,  as  in  mammals.     In  mammals,  this  cavity  is  called 
the  segmentation  cavity.]     The  hollow  sphere,  composed  of  cells,  is  called 
the  blastodermic  vesicle  or  blastula  {Hackel,  Reicherf)  (fig.  803),  and  in 
the  human  embryo  it  is  fonned  at  the  loth  to  12th  day,  in  the  rabbit  at  the  4th, 
the  guinea- pig  at  the 
3J^,  the  cat  7th,  dog 
nth,  fox   14th,  rumi- 
nantia  at  the  loth  to 
13th    day,    and    the 
deer  at  the  6oth  day. 

The  blastula  of  am- 
phioxus  is  represented 
diagrammatical  ly  in 
fig.  803,  I,  as  a  single 
layer  of  cells  enclos- 
ing a  spherical  cavity. 
The  blastula  under- 
goes changes  whereby 
two  cellular  layers  are  . 

formed,  by  the  invagi- 
nation of  a  part  of  the  '''K-  ^3- 

surfoce  (fig.  803,  3},  i^,  FomutioD  of  the  hjrpoblast  by  isvaginaiioD  of  the  blisluU 
which  goes  on  until  it  "id  the  gutmis  U)  thereby  produced  in  Ampbloxot.  5,  The 
touches  the  inner  snr-       ^ei""!"?.  •»<>  6.  the  wntmuikm  of  the  formation  of  the  hypo- 

.  r  .1  .      r  .L  blast  bf  invisinUion  id  Petromyion.      s, nastopore ;  <,epiblist: 

face  of  the  part  of  the  ^^  hypobloatb  vertLcal  Kction.  7,  The  ovum  M  lh[.  .tafe  seen 
layer  lymg  opposite  to         from  the  side ;  r,  neural  groore. 

it  (fig.  803,3,4).    In 

this  stage  it  is  called  gastrula  {Hxckei),  the  outer  layer  is  the  ectoderm  or 
epiblast,  the  inner  the  endoderm  or  hypoblast,  the  opening  is  the  blasto- 
pore, and  the  cavity  the  primitive  intestine.  In  vertebrates  the  blastopore 
closes  completely. 

The  formation  of  the  hypoblast  (fig.  803,  6,  K)  is  shown  clearly  by  the  in- 
vagination in  the  region  of  the  blastopore  in  the  ovum  of  the  lamprey  or 
petromyzon,  and  shown  diagram  ma  tically  in  fig.  803,  5,  6,  7,  where  one  can  see 
how,  from  the  blastopore  (h)  invagination  takes  place  until  the  epiblast  {e),  and 
hypoblast  {K),  are  arranged  the  one  over  the  other,  and  below  the  hypoblast  is 
the  primitive  intestinal  cavity. 

It  is  assumed  that  the  first  stages  in  the  embryo  exhibit  similar  appearances 
and  transformation  in  the  vertebrata.  According  to  Van  Beneden,  the  ovum 
after  complete  segmentation  consists  of  two  layers,  the  epiblast  (fig.  804,  I,  e), 
which  lies  next  the  zona  pellucida,  a,  and  the  hypoblast  (A).  The  blastopore 
or  primitive  mouth  leads  to  the  cavity  of  the  ovum.  When  the  blastoderm 
grows  to  3  mm,  (rabbit),  whereby  the  vitelline  membrane  is  distended  to  a 
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very  thin,  delicate  membrane,  then  at  one  pait  of  it  there  appears  the  ger- 
minal area,  the  area  germinativa,  or  the  embryonal  shield  {^Coste,  Kdihker). 
Minute  investigation  discovers  at  its  margin  a  small  elongated  spot  (w),  rrocn 


0 


Fig.  804. 
I.  Ovum  or  rabtMt,  Z,  zona  pelluctda;  (,  ejublast;  i,  hjrpobUsti  «,  bUflopore.  II.  On> 
of  ra.bbit  with  the  clear  embryooa]  area ;  at  «  is  tbe  first  fonnation  of  the  piiinitiTe  stnak. 
III.  Eir,  PoiltioD  of  the  embiTO  at  a  slightly  older  stage;  pr,  primitiTC  ttreak.  IV,  mon 
advanced  still  (7tb  da;].  Above  the  pnmitive  itre«k  {fr)  is  tbe  Gnt  iodictlioo  of  tbc 
neural  groove. 

which  the  duplication  of  the  blastoderm  proceeds,  and  which  is  regarded  as  the 
blastopore.  From  the  blastopore  the  hypoblast  continues  to  grow  in  the  aru 
of  the  embryonal  area,  so  that  the  blastoderm  ultimately  forms  a  compleifly 


Fig.  805. 

A,  Blaitodeim  of  a  ben's  egg  at  the  lint  hour  of  incnbalion.  df,  area  <^>acai  kf,  arei  fd 
lucida  1  Es,  position  of  etnbiyo;  w,  position  from  which  the  hypoblast  beoinMi  is. 
vaginaled,  or  where  the  blastopore  hai  b  eickle-ihaped  rorm  ^j).  B,  prepanlioa  sligkl^ 
more  advanced  ;/r,  primitive  streak,  E,  Longitudinal  section  of  ■  blastoderm  at  tlM 
ttage  1  »,  blastopore ;  r,  e{»b1ast  -,  A,  hypoblast,  and  below  the  latter  the  primitivi  inle- 
C,  fir,  primilive  strealt,  and  the  first  appearance  of  tbe  amnion,  a/.     D,  aiixy^ 


shield  with  the  □ 


rf,  formed  in  front  of  the  primitive  streak,  ^(iS  boms).   /. 


hen's  hlastoderm  at  33  hoars;  fir,  primitive  streak  gradually  disappearing;  Jf,  opaqne,  nd 
Vi  <^'«"' "'**■;  ^*/.  ^?//> '**///>tlie  primary  cerebral  vessels;  lu,  protovertei>nei  ti,  cbordi 
dorsatis. 

closed  sac  with  double  iratls.  The  position  of  the  blastopore  (U,  »)  become 
later  the  primitive  streak  (Ill/r). 

The  primitive  streak,  like  (be  blaMopor«  in  vertebrata,  i*  a  temporsiy  stmctiue. 

The  embryonal  area  soon  becomes  more  pear-shaped,  and  afterwards  biscuit- 
shaped.     The  parts  of  the  embryonal  area  adjoining  the  blastoderm  become 
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more  transparent,  so  that  there  is  a  clear  area — area  pelluctda — in  the  centre, 
which  is  surrounded  by  a  darker  area — area  opaca.  At  the  same  time  the  sur- 
face of  the  zona  pellucida  develops  numerous  small,  hollow,  structureless  villi, 
and  is  called  the  primitive  chorion  (fig.  811, 1  and  vii). 

In  mesoblastic  ova,  e.  g.,  birds,  there  is  only  partial  cleavage  of  the  yolk. 
The  cells  so  produced  unite  to  form  the  blastoderm,  which  consists  of  two 
layers,  the  epiblast  and  hypoblast.  In  the  blastoderm  of  the  fowl  a  structure 
corresponding  to  the  blastopore  has  been  discovered  (fig.  805,  A,  u).  At  first 
it  is  short,  but  it  gradually  elongates,  and  is  continued  or  becomes  the  primitive 
streak  (B,  C).  In  birds  also  the  hypoblast  seems  to  be  formed  by  invagina- 
tion, and  is  shown  in  fig.  805,  E,  which  represents  asagittal  section  of  a  blas- 
toderm. From  the  blastopore  (w)  the  hypoblast  (A)  is  pushed  under  the  epi- 
blast, and  both  membranes  rest  on  the  cavity  of  the  primitive  intestinal  canal 
{e)  which  is  filled  with  fluid. 

At  the  posterior  part,  or  narrow  end  of  the  embryonic  shield,  the  primitive 
Streak  (fig.  803, 1,  Pr)  appears  at  first  as  an  elongated  opaque  circular  thick- 
ening,  and  later  as  a  longer  streak  or  groove,  the  primitive  groove.  [The 
opacity  is  due  to  the  fact  that  there  are  several  layers  of  cells  in  this  region 
(fig.  806),     In  a  transverse  section  through  the  primitive  streak,  three  layers  of 


>4.   . 

Kg.  806. 

Tnuurene  lectkm  of  Ihe  primjlive  Ureak  of  a  fowl's  blajtoderm.     ip,  epibluC ;  kj,  hypoblut ; 

m,  mewblast  %  pv,  primitin  grooTe ;  yk,  jolk  of  genninal  wall. 

cells  are  seen.     They  form  part  of  the  middle  layer  or   mesoblaat,  and  are 
originally     derived     from 
the  hypoblast.   These  cells 
fuse  with  those  of  the  epi- 
blast.    The  remainder  of  a^ 
the  hypoblastic  cells  retain 

their    stellate    character.]  """^ 

At    the  same  time  a  new  g-^^ 

layer  of  cells  is  developed 

between  the  epiblast  and  -  -y 

hypoblast,  the  mesoderm  yig.  807. 

or  meSOblaSt  (fig.  806,  Tnnsveree  mcIjod  of  an  embryo  newt,  a,  mesentcron;  oj:. 
1),  which  soon  extends  hy,  axinl  hypoblast,  fortnii^  (be  ootochivd ;  be,  cceloin  or 
over  the  embryonal  area,  body-cariir;  «■/.  epiblMt;  hy,  digestive  hypoblast;  ».«, 
and  into  the  blastoderm.  "^'i"  ,,^''''^  =  *■"■  ^"^'"''^  m<«bU»i;  n.p, 
[There  has  been  much  dis-  ra  p  "  e. 

cussion  as  to  the  origin  of  the  mesoblast,  but  in  vertebrates  it  seems  to  be 
originally  developed  from   the  hypoblast.     Fig.  807  shows  a  portion  of  the 
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hypoblast  in  its  axial  part,  in  process  of  forming  the  notochord,  which  is 
described  as  mesoblastic]  Blood-vessels  are  formed  within  the  mesoblast,  and 
are  distributed  over  the  blastoderm  to  form  the  area  vasculosa. 

Medullary  Groove, — A  longitudinal  groove,  the  medullary  groove,  is 
formed  at  the  anterior  part  of  the  embryonal  shield,  but  it  gradually  extends 
posteriorly,  embracing  the  anterior  part  of  the  primitive  streak  with  its  divided 
posterior  end,  while  me  primitive  streak  itself  gradually  becomes  relatively  and 
absolutely  smaller  and  less  distinct,  until  it  disappears  altogether  (fig.  802, 1, 
and  II,  Fr). 

The  position  of  the  embryo  is  indicated  by  the  central  part  becomiog  more 
transparent, — the  area  pellucida, — which  is  surrounded  by  a  more  opaque 
part — the  at%a  opaca.  [The  area  opaca  rests  directly  upon  the  white  yolk  in 
the  fowl,  and  it  takes  no  share  in  the  formation  of  the  embryo,  but  gives  rise  to 
structures  which  are  temporary,  and  are  connected  with  the  nutrition  of  the 
embryo.     The  embryo  is  formed  in  the  area  pcUucida  alone.] 

From  the  epiblast  {neuro-epidermai  layer]  ajt  developed  the  central  nerroos 
system  and  epidermal  tissues,  including  the  epithelium  of  the  sense-organs. 
From  the  mesoblast  are  formed  most  of  the  organs  of  the  body  [including 

the  vascular,  muscu- 
lar, and  skeletal  sys- 
tems, and  according 
to  some,  the  connec- 
tive-tissue. It  also 
gives  rise  to  the  gen- 
erative glands  and  ex- 
cretory oi^ns}. 

From    the     hypo- 
blast epithelio-gfanda 
F'8-  8^-  lar  layer  [which  is  the 

Venical  icciion  of  part  of  the  unincubated  bluloderm  of  a  beo.   secretory   layerl    Ilise 

a,  epiblast;  b,  hypoblast;  e,   formaliTe  celli  restine  on  wbile    .1 :_._.j:__i    "^ll. 

yilkV/ arihM.^.  ^  J?"^  intestinal    epithe- 

'        '  hum,  and   that  of  the 

glands  which  open  into  the  intestine.  The  notochord  is  also  formed  from  in 
axial  portion.  [The  mouth  and  anus,  being  formed  by  an  inpushing  of  the 
epiblast,  are  lined  by  epiblast,  and  are  sometimes  called  the  atomodeeam 
and  proctodscum  respectively.] 

[Structure  of  the  Blastoderm  (fig.  808). — Originally  it  is  composed  of 
only  two  layers,  and  in  a  vertical  section  of  it  the  epiblast  consists  of  a  single 
row  of  nucleated  granular  cells,  arranged  side  by  side,  vrith  their  long  axes 
placed  vertically.  The  hypoblast  consists  of  larger  cells  than  the  foregoing, 
although  they  vary  in  size.  They  arc  spherical  and  very  granular,  so  that  no 
nucleus  is  visible  in  them.  The  cells  form  a  kind  of  network,  and  occur  in 
more  than  one  layer,  especially  at  the  periphery.  It  rests  on  white  yolk,  and 
under  it  are  large  spherical  refractive  cells,  spoken  of  as  formative  cells  (f).] 
The  celli  of  the  qnblut,  and  eipecially  those  of  the  bjrpobkM,  nonrisb  themselves  bjribe  di- 
rect absorption  and  incorporation  of  the  condilnents  of  the  jrolk  into  themselves.  The  amoibiid 
movements  of  these  celle  play  a  part  io  the  process  of  absorptiBn.  Tbe  ahscnrfaed  pwtide*  in 
changed,  <»,  as  ii  were,  digested  within  tbe  cells,  and  the  prodoct  nsed  in  the  procene*  of  growth 
and  developmenl  [Kollmann). 

Division  of  Cells. — Although  a  cell  is  defined  as  a  "  nucleated  mas  d 
living  protoplasm,"  recent  researches  have  shown  that,  &om  a  histological  as 
well  as  from  a  chemical  point  of  view,  a  cell  is  really  a  very  complex  struclure- 
The  apparently  homogeneous  cell-substance  is  traversed  by  a  fine  plexus  of 
fibrils,  with  a  homogeneous  substance  in  its  meshes,  while  a  simitai  network 
of  fibrils  exists  within  the  nucleus  itself  (fig.  809).] 
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[The  nucleus  of  a  typical  resting  cell  is  a  spherical  vesicle,  consisting  of  the 
following  parts : — 

(i)  An  outer  investing  nuclear  membrane. 

(2)  A  plexus  of  fibrils  in  its  substance  or  chromatin  network. 

(3)  Nucleoli. 

(4)  A  semi-liquid  substance  in  the  meshes  of  the  network. 

The  plexus  of  fibrils  has  also  been  called — "the  nuclear  network  of 
fibrils  "  "  chromatin,"  "  nucleoplasm,"  "  karyoplasma,"  and  "  karyo- 
miton."     The  network  stains  readily  with  pigments,  hence  the  name  "  chro- 
matin "  given  to  it  by  Flemming.     It  seems  to  be  identical  with  nuclein,  and 
the  nodal  points  of  tlie  network  give  a  dotted  or  granular  appearance  to  the 
nucleus,  especially  when  it  is  examined  with  a  low  power.     In  the  meshes  of 
the  network  lie  nucleoli,  which  seem  to  differ  in  constitution,  and  perhaps  in 
function.     According  to  Flemming,  there  are  principal  and  accessory  nucleoli 
in  some  nuclei.     In  Carnoy's  nomenclature  the  several  parts  are  spoken  of  as  a 
fine  reticulum  of  fibrils,  enclosing  in  its  meshes  a  fluid — the  tmkylema — which 
contains  various  particles  in  suspension.     Under  the  terpi  "  chromatin  "  is  in- 
cluded the  network  and  the  nucleoli.     The  nuclear  fluid  or  matrix  or  substance 
lying  in  the  meshes  of  the  nucleus  has 
been  called  "interfibrillar substance" 
and  achromatin,  because  it  does  not 
stain  readily  with  dyes.     Part  of  the 
achromatin  forms  the  "  nuclear  spin- 
dle "  in  the  process  of  mitosis.     It  is 
to  be  noted  that  the  names  "  chroma- 
tin" and  "achromatin"  depend  on 
the  histological  and  not  on  the  chemi- 
cal characters  of  these  structures.] 

[Direct  Cell- Division.— A  cell 
may  divide  directly,  as  it  were,  by 
simple  cleavage,  and  in  the  process 
the  nucleus  usually  divides  before  the 
cell  protoplasm.  This  is  the  process 
of  amitosis.  The  nucleus  becomes 
constricted  in  the  centre,  has  an  hour- 
glass shape,  and  soon  divides  into 
two.  ] 

[Indirect   Cell-Division. —Re-  Fig  8o9. 

cent  observations,  confirmed  by  a  great  f«-  f^-:T'^?P'"' ""^^'''If^  '^^^  ""<  '■"'«'■ 
number  of  investigators,  conclusively  tJ!T^^tn:^^^..:^^:, 
prove  that  the  process  of  division  in  cellular  proioplum,  with  ib«  radiftiing  nHeu- 
cells  is  a  very  complicated  one,  the  /hmt,  and  the  Mi-ity/zMit  enclosed  in  its  mc^es; 
changes  in  the  nucleus  being  very  re-  /">  planna  of  nucleui;  bn,  nuclear  filament 
markable.  The  terms  karyokincsis,  ''""'^B  numerou*  twbi*. 
mitosis,  or  indirect  division  have  been  applied  to  this  process.  Fig.  810 
shows  the  successive  changes  that  take  place  in  the  nucleus.  Suppose  a  nucleus 
to  be  in  the  resting  stage ;  when  division  is  about  to  take  place,  the  chroma- 
tin or  intranuclear  net^vork  (A,  B)  passes  into  a  convolution  of  fibrils, 
while  the  nuclear  envelope  becomes  less  distinct,  the  fibrils  at  the  same  time 
becoming  thicker  and  forming  loops,  which  gradually  arrange  themselves 
around  a  centre  (C  and  D)  in  the  form  of  a  vrreath,  rosette,  or  spircm(C). 
Each  loop  then  splits  longitudinally,  and  at  the  same  time  the  achromatic 
spindle  or  nuclear  spindle  appears,  so  that  the  nucleus  exhibits  two  poles 
corresponding  to  the  poles  of  the  spindle.     The  chromatin  threads  pass  towards 
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the  centre  of  the  nucleus,  where  they  are  grouped  at  its  equator  and  form  the 
equatorial  stage  or  monaster  (D).  The  threads  or  loops  produced  by  division 
of  the  original  loops  now  tend  to  pass  towards  the  two  poles  of  the  nucleus, ;.  €., 
towards  the  two  poles  of  the  nuclear  spindle,  forming  the  pithode  or  barrel 
stage  (E).  This  stage  has  been  called  by  Waldeyer  metakinesis.  The  two 
groups  of  loops  then  separate  still  further,  and  arrange  themselves  so  as  to  form 
a  diaster,  or  double  star,  or  daughter  stars,  the  two  groups  being  separated 
by  a  substance  called  the  equatorial  plate.  Each  of  the  groifps  of  fibrils  be- 
comes more  elongated,  and  forms  a  nuclear  spindle,  which  indicates  the  position 
of  a  new  nucleus.  The  protoplasm  separates  into  two  parts.  In  each  of  these 
parts  the  chromatin  rearranges  itself  into  an  irregular  coil,  and  the  whole  is 
called  dispirem  (G),  and  when  division  is  complete,  the  chromatin  filaments 
assume  the  form  seen  in  a  resting  nucleus.  This  whole  complex  process  may  be 
accomplished  in  i  to  4  hours.  The  separate  groups  of  fibrils  again  become 
convoluted,  each  group  gets  a  nuclear  membrane,  while  the  cell  protoplasm 
divides,  and  two  daughter  nuclei  are  obtained  from  the  original  cell.] 
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Fig.  810. 

Mitosis.  A,  nuclear  reticulum,  resting  state ;  B,  preparing  for  division ;  C,  wreath  stage,  vitb 
appearance  of  nuclear  spindle ;  D,  monaster  stage ;  £,  barrel  stage  with  the  Dnclear 
spindle;  F,  diaster  stage;  G,  daughter  wreath  stage;  H,  daughter  cells, passing  to  resuof 
stage. 

[The  following  scheme  represents  some  of  the  more  important  changes  :— 

Mother  Nucleus.  I  Daughter  Nuclei. 


1.  Network. 

2.  Convolution. 

3.  Wreath  or  Spirem. 

4.  Aster. 


5.  Diaster. 

6.  Dispirem. 

7.  Convolution. 

8.  Network. 


Equatorial  grouping  of  chromatin  and  nuclear  spindle.] 

440.  STRUCTURES  FORMED  FROM  THE  EPIBLAST.- 
Laminac  Dorsales. — The  medullary  groove  upon  the  epiblast  (also  called 
outer,  serous,  sensorial,  corneal,  or  animal  layer)  becomes  deeper  (fig.  811,  II)- 
The  two  longitudinal  elevations  or  laminae  dorsales  consist  of  a  thickening 
of  the  epiblast,  and  grow  up  over  the  medullary  groove,  thus  forming  the 
neural  groove.  Ultimately,  however,  the  laminae  dorsales  meet  each  other 
and  coalesce  by  their  free  edges  in  the  middle  line  posteriorly.  Thus,  the  open 
groove  is  gradually  changed  into  a  closed  tube — the  medullary  or  netiral 
tube  (fig.  811,  III).  The  cells  next  the  lumen  of  the  tube  ultimately  become 
the  ciliated  epithelium  lining  the  central  canal  of  the  spinal  cord,  while  the 
other  cells  of  the  nipped-off  portion  of  the  epiblast  form  the  ganglionic  part  of 
the  central  nervous  system  and  its  processes. 
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Fig.  811. 
J,  The  three  layen  of  Ihe  blast<xlenii  of  a  mammaliaD  ovum — Z,  loni  pellucida ;  E,  epibtast ; 
i>i,inesoblaEt ;  t,  hypoblast.  II,  Sectioa  of  anemttiTO,  with  six  prolovertebrce  at  the  istday 
— M,  medullary  groove;  i,  somitopleure;  U,  prowvertebra ;  e,  chorda  dorselis;  S,  the 
lateral  plates  divided  into  two  ;  (,  hypoblail.  Ill,  Seciioo  of  an  embryo  chick  at  tbe  zd 
day  in  the  region  behtod  the  heart — M,  medullary  groove;  A,outerpartof  somalopleute  ; 
«,  protoverlebra ;  <,  chorda;  ui,  WoliSan  duel ;  K,cce1oii];  x,  inner  part  of  somatopleure  ; 
V,  inner  part  of  !pl»nchnopIcure  ;  A,  amniotic  fold  ;  a,  aorta  ;  t,  hypoblast.  IV,  Scheme 
of  a  longitudinal  sectiun  of  an  early  embryo.  V,  Scheme  of  the  formation  of  the  head-  and 
Uil-folds—r,  bead-fold  1  D,  anicrior  eitremity  of  the  future  intestinal  tract;  S,  tail-fold, 
first  rudiment  of  the  cavity  of  the  rectum.  VI,  Scheme  of  a  longitudinal  section  through 
an  embryo  after  Ihe  formation  of  (he  head- and  tail  .folds— A  o,omphftlo.meseBleric  arteries; 
Vu,  omphalo  mesenteric  veins;  a,  position  of  the  allaniois;  A,  amniotic  fold.  VII,Scbeme 
of  a  longitudinal  section  through  a  human  ovum — Z,  zona  pelludda;  S,  serous  cavity  ;  r, 
uaioo  of  the  amniotic  folds;  A,cavity  of  the  amnion ;  a,a11antots;  N,  umbilical  vehicle;  m, 
mesoblast;  ^,  heart;  U,  primitive  intestine.  VIll,  Schematic  transverse  section  of  the 
pregnant  utenis  during  the  formation  of  the  placenta  ;  U,  muscular  wall  of  the  uterus ;  /, 
uterine  mucous  memt^ane,  or  decidua  vera ;  i,  maternal  part  of  the  placenta,  or  decidua 
6, 
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serotina;  r,  decidua  reHexi ;  <-:*.  chorion ;  A, amnion;  h,  umbilical  cord  ;  a,allantoU,  vilb 
thearachus;  N,  umlulical  ve^cle,  with  D,  ihe  omphalo-mesenlmc  duct;  //,  opoiiagi  of 
the  Fallopian  lobes ;  G,  canal  of  the  cervix  u(en.  IX,  Scheme  of  a  human  embiTO.  viih 
the  visceral  arches  still  pcnistent— A,  amnion  i  V.  fore-brain  1  M,  mid  brain;  H,  hind-bnia: 
N, after-brain  ;  U, primuiye  veitebrse  ;  a.eye; /,nasal  piis;  S,  frontal  process ;>■,  ioten>«l 
nasal  process;  n,  external  nasal  process;  r,  superior  maxillary  process  of  the  la  Tiicenl 
arch  ;  l,  z>  3,  and  4,  the  four  visceral  arches,  wKh  the  viscera]  clefts  between  them;  a,  audi- 
tory vesicle ;  k,  heart,  with  e.  primitive  aorta,  which  divides  into  five  aortic  arches ;  /,  de- 
scending aorta;  am,  omphalo-mesenleric  artery  i  i,the  □mphalO' mesenteric  arteries  onibe 
UmUlical  vesicle  ;  c,  omp^alo-mese^teric  vein  ;  L,  liver,  wHh  venx  advehentcs  and  mc- 
hcDtes  ;  D,  intestine;  1,  inferior  cava  ;  T,cocc;x;  a//,a1Un(ois,  with  i.one  umbilical  anert, 
and  X,  an  nmlHlicil  vein. 

Primary  Cerebral  Vesicles. — [ThelaminEedorsalesunitefir^t  in  thercgioD 
of  the  neck  of  the  embryo,  and  soon  this  is  followed  by  the  union  of  those  o?er 
the  future  head-]    The  medullary  tube  is  not  of  uniform  diameter,  for  at  the 
anterior  end  it  becomes  dilated  and  mapped  out  by  constrictions  into  the  pri- 
mary vesicles  of  the  brain,  which  at  first  are  arranged,  one  behind  the  other,  in 
the  following  order,  each  one  being  smaller  than  the  one  in  front  of  it ;    the 
fore -brain     (representing 
the  structures  from  which 
the    cerebral     hemispheres 
are  developed);  the  mid- 
brain   (corpora    quadrige- 
mina) ;    the    hind  -  brain 
(cerebellum) ;  and    the  af- 
ter-brain (medulla  oblon- 
gata);   which    is  gradually 
continued    into     the  spirit 
cord  (fig.  811,  IV  and  V). 
The   posterior  part    of  the 
I  medullary  tube  has  a  dilata- 

tion at  the  lumbar  enlarge- 
'  ment-    In  birds,  the  medul- 

lary groove  remains  open  in 
this  situation  to  form  > 
lozenge -shaped  dilatation, 
the  sinus  rhomboidalis. 

While  the  neural  tube  is 
being  formed,  the  primitive 
streak  gradually  diminishes, 
and  at  last  disappears  en- 
tirely (fig.  80s,  F)- 

Cranial  Flexures.— 
The  anterior  part  of  the 
medullary  tube  curves  on 
itself,  especially  at  the  junc- 
tion of  the  spinal  cord  and 

1,  .      f    1   ,  .u      .  1  '^'      '        .  .     oblongata,  between  the  mid- 

Embryo  fowl  of  the  ad  day,   v   50.     Ao,  area  opaca ;  W*.   ,      -    °      ,'    ,  .     .  .      -  . 

area  pellucida ;  Hk,  hind-toain  ;  Mk,  mid-b^n;  Vk.  bram  and  hind-brain,  and 
fore-brain;  am,  omphalo-tnesenleric  veins;  omr,  point  agam  almost  at  right  aDgWS 
where  the  closure  of  ihe  neural  groove  is  travelling  back-  between  the  fore-brain  and 
wards,  and  10  the  protovettebrK!  Fai,  muscle-plalei;  Rf,  mid-brain  [Thus,  a  dis- 
pMteriorpartof  widely-open  neural  groove;  A-tt.,  neural  placement  of  the  primarv 
ndge;  f^^,  antenor  amniodc  fold.  ^    ...  ,         .   *"■"—■. 

vesicles  IS  produced,  and  the 
head  of  the  future  embryo  is  mapf>ed  off.]  At  first  all  the  cerebral  vesiclesare 
devoid  of  convolutions  and  sulci.     On  each  side  of  the  fore-brain  there  gro*s 
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out  a  Stalked  hollow  vesicle  (tig.  8i  i,  VI),  the  primary  optic  vesicle.     The 

remainder  of  the  epiblast  forms  the  epidermal  covering  of  the  body.  At  an 
early  period  we  can  distinguish  the  stratum  corneum  and  the  Malpighian  layer 
of  the  skin  (§  283)  ;  from  the  former  are  developed  the  hairs,  nails,  feathers,  etc. 

Parti&l  Cleavage. — Only  a  partial  cleavage  lakes  place  in  the  ej^s  of  birds  and  Id  mero- 
blaslic  ova,  t,  t.,  only  the  je/li'/i  yoik  in  the  neighborhood  of  the  cicatricula  divides  into  nume- 
rons  segmentsUion  spheres  {Cosle,  1848).  The  cells  »iTflng«  Ihemselves  in  two  layers  lying  one 
over  tbe  otber.  The  upper  layer  or  epiblast  is  the  larger,  and  conuitia  small  pale  cetis;  ihe 
lower  layer,  or  hyfoblasi,  which  at  first  is  nol  a  coiitiouous  layer,  ultimately  forms  a  continuous 
l»yer,  but  it«  periphery  is  smaller  than  the  upper  layer,  while  its  cells  are  larger  and  more 
granular. 

Between  the  epiblast  and  hyrioblast  there  is  formed,  from  the  primitive  streak,  as  a  product 
of  cell  proliferation,  the  mesoblasl,  which  is  said  by  Kallikcr  to  be  due  to  the  diviaon  of  the 
cells  of  the  epiblast.  It  gradually  extends  in  a  peripheral  direction  between  the  two  other 
layers.  All  Ihe  three  layeis  grow  at  their  periphery.  In  the  mesoblast  blood-vessels  are  de- 
veloped. All  the  three  layers,  as  they  grow,  come  ultimately  to  enclose  the  yolk,  so  that  Ihdr 
margms  come  together  at  the  opposite  pole  of  the  yolk. 

•rs-  nc 


Fig.  813. 
Transverse  section  of  an  embryo  duck,    am. amnion;  do.  aorta;  fd.ti,  cardinal  vein;  f  A,  noto- 
chord  ;    hy,  hypoblast;    ms,  muscle- plate ;   id,  somatopleure ;   fP,  splanchnopleure ;  sf.i, 
spinal-cord ;  s/i.g,  spinal  ganglion  ;  st,  segmental  tube ;  wd.  Wolffian  (segmental)  duct, 

441.  STRUCTURES  FORMED  FROM  THE  HYPOBLAST 
AN  D  MESOBLAST.— The  hypoblast  forms,  immediately  under  the  me- 
dullary groove,  a  cylindrical  cellular  cord,  the  chorda  dorsalis,  or  noto- 
chord,  which  is  thicker  at  the  tail  than  at  the  cephalic  end  (fig.  8ii,  II,  III,  f), 
Ic  is  present  in  all  vertebrata,  and  also  in  the  larval  form  of  the  ascidians,  but 
in  the  latter  it  disappears  in  the  adult  form  (Kowa/fwsiy).  In  man  it  is  rela- 
tively small.  It  forms  the  basis  of  the  bodies  of  the  vertebra,  and  around  it, 
BS  a  central  core,  the  substance  of  the  bodies  of  the  verfebrfe  is  deposited,  so 
that  they  are  strung  on  it,  as  it  were,  like  beads  on  a  string.  After  it  is  formed, 
it  becomes  surrounded  by  a  double  sheath-like  covering  (^Gegenbaur,  KSlliker). 

The  hypoblast  does  not  undergo  any  further  change  at  this  time  ;  it  applies 
itself  to  the  inner  layer  of  the  mesoblast,  as  a  single  layer  of  cells,  to  form  the 
spl  anchnopleure. 
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Protovcrtcbrae. — The  cells  of  the  mesoblast,  on  each  side  of  the  chorda, 
arrange  themselves  into  cubical  masses,  always  disposed  in  pairs  behind  each 
other,  the  protovcrtcbrae  (fig.  8ii,  U  and  w,  812,  U,  w).  The  firet  pair 
correspond  to  the  atlas.  At  a  later  period  each  protoveriebra  shows  a  marginal 
cellular  area  and  a  nuclear  area  (fig.  8u).  Only  part  of  it  goes  to  fonn  a 
future  vertebra.  The  part  of  the  mesoblast  lying  external  to  the  proto vertebra, 
the  lateral  plates  (fig.  811,  II,  j),  splits  into  two  layers,  an  upper  one  and  a 
lower  one,  which,  however,  are  united  by  a  median  plate  at  the  protovertc- 
brse.  The  space  between  the  two  layers  of  the  mesoblast  is  called  the  plenro- 
pcritoneal  cavity,  or  the  ccelom  of  Haeckel  (fig.  8i  i.  III,  K).  The  upper 
layer  of  the  lateral  plate  becomes  united  to  the  epiblast,  and  forms  the  cutaneo- 
muscular  plate  of  German  authors,  or  the  somatopleure  (fig.  8i  i,  III,  x; 

fig.  813,  jo),  while 
the  inner  one  units 
with  the  hypoblast 
to  form  the  intesti- 
nal plate  of  German 
authors,  or  the 
splanchooplenre 
(fig.  811,  III,  /.■ 
fig-  813,  sfi).  On 
the  surfaces  of  these 
1,  II,  III.  plates,    which   are 

p.    gj  directed      towards 

Scfaeme  of  ihe  fonnatioD  of  the  chorda  and  ccelom  by  iovacinMlon     j**!.   ?.    ^'     ,?  .    " 
from  the  hyix>bl»M,^erH«twig.  dothellum       llDIDg 

the  pleuro-perito- 
neal  cavity  is  developed.  On  the  surface  of  the  median  plate,  directed  towards 
the  coelom,  some  cylindrical  cells,  the  "germ  epithelium"  of  Waldeyer, 
remain,  which  form  the  ovarian  tubes  and  the  ova  (§  438). 

According  to  Reniik,  ihe  skin,  the  niuscles  of  the  iniok,  and  ibe  blood,  vessels,  and  wccrdi^ 
to  His,  only  the  muscuUtnre  of  the  (niok.  are  derived  from  ihe  somatopleure.  Both  obserm) 
agree  Ibat  the  spiaacbnopleure  furnishes  the  muscuUlure  of  the  inleslinal  tract. 

Parablastic  and  Archiblastic  Cells. — According  to  His,  the  blood-ves- 
sels, blood,  and  connective-tissue  are  not  developed  from  true  mesoblastic  cells, 
but  he  asserts  that  for  this  purpose  certain  cells  wander  in  from  the  margins  of 
the  blastoderm  between  the  epiblast  and  hypoblast,  these  cells  being  derived 
from  outside  the  position  of  the  embryo,  from  the  elements  of  the  white  yolk. 
His  calls  these  structures  parablaitic,  in  opposition  to  the  archiblastic,  which 
belong  to  the  three  layers  of  the  embryo.  Waldeyer  also  adheres  to  the  pan- 
blastic structure  of  blood  and  connective-tissue,  but  he  assumes  that  the  mate- 
rial from  which  the  latter  is  formed  is  continuous  protoplasm,  and  of  equal  value 
with  the  elements  of  the  blastoderm. 

[Formation  of  Mesoblast. — According  to  Hertwig  in  the  lower  verte- 
brates, the  chorda  and  both  walls  of  the  ccelom  are  derived  by  protrusion  from 
the  hypoblast,  as  is  shown  schematically  Jn  fig.  814.  In  I  is  the  beginning  of 
the  median  protrusion  (for  the  chorda)  and  the  two  lateral  ones  (for  the  walls 
of  the  ccelom,  but  still  communicating  freely  with  the  hypoblast.  In  II  the 
part  where  the  protrusion  occurs  is  narrowed.  In  IH  the  chorda  is  separated 
and  appi;ars  in  transverse  section  as  a  round  body.  In  the  same  way  the  wait] 
of  the  ccelom  have  separated,  and  show  Iwo  plates  or  layers — the  somato- 
pleure, and  splanchnopleure,  and  between  both  is  the  pi  euro- peritoneal  cavity. 

[The  following  table  modified  from  Quain  shows  the  structures  developed 
from  each  of  the  three  blastodermic  layers  (p.  1086): — 
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From  the  Epiblast, 

The  centra]  nervous  system  (brain  and  spinal  cord) :  the  peripheral  and  sympathetic  nerves. 

The  epithelium  of  the  organs  of  special  sense. 

The  epidermis  and  its  appendages,  hairs  and  nails. 

The  epithelium  of  all  the  glands  opening  on  the  surface  of  the  skin  (mammary,  sweat  and 
sebaceous  glands). 

The  muscular  fibres  of  the  sweat-glands. 

The  epithelium  of  the  mouth  (except  that  covering  the  tongue  and  the  adjacent  posterior  part 
of  the  floor  of  the  mouth,  which  is  derived  from  the  hypoblast)  and  that  of  the  glands  opening 
into  it.    The  enamel  of  the  teeth. 

The  epithelium  of  the  na^^al  passages,  of  the  adjacent  upper  part  of  pharynx  and  of  all  the 
cavities  and  glands  opening  into  the  nasal  passages. 

From  the  Mesoblast. 

The  urinary  and  generative  organs  (except  the  epithelium,  bladder  and  urethra). 
AH  the  voluntary  and  involuntary  muscles  of  the  body  (except  the  muscular  fibres  of  the 
sweat-glands). 

The  whole  of  the  vascular  and  lymphatic  system  including  the  serous  membranes  and  spleen. 
The  skeleton  and  all  the  connective-tissue  structures  of  the  body. 

From  the  Hypoblast. 

The  epithelium  of  the  alimentary  canal  from  the  back  of  the  mouth  to  the  anus  and  that  of  all 
the  glands  which  open  into  thb  part  of  the  alimentary  tube. 
The  epithelium  of  the  Eustachian  tube  and  tympanum. 
The  epithelium  of  the  bronchial  tubes  and  air-sacs  of  the  lungs. 
The  epithelium  lining  the  vesicles  of  the  thyroid  body. 
The  epithelium  nests  of  the  thymus. 
The  epithelium  of  the  urinary  bladder  and  urethra.] 

442.  FORMATION  OF  EMBRYO,  HEART,  PRIMITIVE 
CIRCULATION.— Head-  and  Tail- Folds  .—Up  to  this  time  the  em- 
bryo lies  with  its  three  layers  in  the  plane  of  the  layers  themselves.  The 
cephalic  end  of  the  future  embryo  is  first  raised  above  the  level  of  this  plane 
(fig.  811,  V).  In  front  of,  and  under  the  head,  there  is  an  inflection  or  tuck- 
ing in  of  the  layers,  which  is  spoken  of  as  the  head-fold  (V,  r).  [It  gradu- 
ally travels  backwards,  so  that  the  embryo  is  raised  above  the  level  of  its  surr 
roundings.]  The  raised  cephalic  end  is  hollow,  and  it  communicates  with  the 
space  in  the  interior  of  the  umbilical  vesicle.  The  cavity  in  the  head  is  spoken 
of  as  the  head-gut  or  fore-gut  (fig.  8ii,  V,  D).  The  formation  of  the  fore- 
gut,  by  the  elevation  of  the  head  from  the  plane  of  the  three  layers,  occurs  on 
the  second  day  in  the  chick,  and  in  the  dog  on  the  2 2d  day.  The  tail-fold  is 
formed  in  precisely  the  same  way,  in  the  chick  on  the  third  day,  and  in  the 
dog  on  the  22d  day.  The  tail-fold,  S,  also  is  hollow,  and  the  space  within  it 
is  the  hind-gut,  d.  Thus,  the  body  of  the  embryo  is  supported  or  rests  on  a 
hollow  stalk,  which  at  first  is  wide,  and  communicates  with  the  cavity  of  the 
umbilical  vesicle.  This  duct  or  communication  is  called  the  omphalo- 
mesenteric duct,  or  the  vitello-intestinal  or  vitelline  duct.  The  sac- 
cular vesicle  attached  to  it  in  mammals  is  called  the  umbilical  vesicle  {fi%. 
811,  VII,  N),  while  the  analogous  much  larger  sac  in  birds,  which  contains  the 
yellow  nutritive  yolk,  is  called  the  yolk-sac.  The  omphalo-mesenteric  or 
vitelline  duct  in  course  of  time  becomes  narrower,  and  is  ultimately  obliterated 
in  the  chick  on  the  fifth  day.  The  point  where  it  is  continuous  with  the  ab- 
dominal wall  is  the  abdominal  umbilicus,  and  where  it  is  inserted  into  the  prim- 
itive intestine,  the  intestinal  umbilicus. 

[Sometimes  part  of  the  vitelline  duct  remains  attached  to  the  intestine,  and  may  prove  danger- 
ous by  becoming  so  displaced  as  to  constrict  a  loop  of  intestine,  and  thus  cause  strangulation  of 
the  gut.] 

Heart. — Before  this  process  of  constriction  is  complete,  some  cells  are 
mapped  off  from  that  part  of  the  splanchnopleure  which  lies  immediately  under 
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the  head-gut;  this  indicates  Iht  position  of  the  heart,  which  appears  in  the  chick 
at  the  end  of  the  first  day,  as  a  small,  bright  red,  rhythmically  contractiDg 
point,  the  punctum  salienSy  or  the  tniyfiri  xtvoopLivTj  of  Aristotle.  In  mammals  it 
appears  much  later. 

The  heart  (fig.  811,  VI)  begins  first  as  a  mass  of  cells,  some  of  which  in  the 
centre  disappear  to  form  a  central  cavity,  so  that  the  whole  looks  like  a  pale 
hollow  bud  (originally  a  pair)  of  the  splanchnopleure.  The  central  cavity  soon 
dilates  ;  it  grows,  and  becomes  suspended  in  the  coelom  by  a  duplicature  like 
a  mesentery  (meso-cardium),  while  the  space  which  it  occupies  is  sp>oken  of  as 
the  fovea  cardica.  The  heart  now  assumes  an  elongated  tubular  form,  with  its 
aortic  portion  directed  forwards,  and  its  venous  end  backward  ;  it  then  under- 
goes a  slight/'Shaped  curve  (fig.  826,  i).  From  the  middle  of  the  2d  day,  the 
heart  begins  to  beat  in  the  chick,  at  the  rate  of  about  40  beats  per  minute.  [It 
is  very  important  to  note  that  at  first,  although  the  heart  beats  rhythmically,  it 
does  not  contain  any  nerve-cells.] 

From  the  anterior  end  of  the  heart,  there  proceeds  from  the  bulbus  aortse, 
the  aorta  which  passes  forward  and  divides  into  two  primitive  aortse,  which 
then  curve  and  pass  backwards  under  the  cerebral  vesicles,  and  run  in  front  of 
the  protovertebrse.  Opposite  the  omphalo-mesenteric  duct,  each  primitive 
aorta  in  the  chick  sends  off  one,  in  mammals  several  (dog,  4  to  5),  omphalo- 
mesenteric arteries  (fig.  811,  VI,  A,  <?),  which  spread  out  to  form  a  vascular 
network  within  the  mesoblast  of  the  umbilical  vesicle.  From  this  network  there 
arise  the  omphalo-mesenteric  veins,  which  run  backwards  on  the  vitelline  duct, 
and  end  by  two  trunks  in  the  venous  end  of  the  tubular  heart.  In  the  chick, 
these  veins  arise  from  the  sinus  terminalis  of  the  future  vena  terminalis  of  the 
area  vasculosa.  Thus,  the  first  or  primitive  circulation  is  a  closed  system, 
and  functionally  it  is  concerned  in  carrying  nutriment  and  oxygen  to  the  em- 
bryo. In  the  bird,  the  latter  is  supplied  through  the  porous  shell,  and  the 
former  is  supplied  up  to  the  end  of  incubation  by  the  yolk.  In  mammals,  both 
are  supplied  by  the  blood-vessels  of  the  uterine  mucous  membrane  to  the  ovum. 
In  birds,  owing  to  the  absorption  of  the  contents  of  the  yolk-sac,  the  vascular 
area  steadily  diminishes,  until  ultimately,  towards  the  end  of  the  jjeriod  of 
incubation,  the  shrivelled  yolk-sac  slips  into  the  abdominal  cavity.  In  mam- 
mals, the  circulation  on  the  umbilical  vesicle,  /*.  e,y  through  the  omphalo-m^eo- 
teric  vessels,  soon  diminishes,  while  the  umbilical  vesicle  itself  shrivels  to  a 
small  appendix,  and  the  second  circulation  is  formed  to  replace  the  omphalo- 
mesenteric system.  The  first  blood-vessels  are  formed  in  the  chick,  in  the 
area  vasculosa,  outside  the  position  of  the  embryo,  at  the  last  quarter  of  the 
first  day,  before  any  part  of  the  heart  is  visible.  The  blood-vessels  begin  in 
vaso-formative  cells  [constituting  the  •*  blood-islands  "  of  Pander].  At  fiist 
they  are  solid,  but  they  soon  become  hollow  (§  7,  A). 

A  narrow-meshed  plexus  of  lymphatics  is  formed  in  the  area  vasculosa  of  the  chick  {^His\  and 
it  communicates  with  the  amniotic  cavity  {^A,  Budge), 

443.  FORMATION  OP  THE  BODY.— Body-^Vall.— (i)  The 
ccelom,  or  pleuro-peritoneal  cavity,  becomes  larger  and  larger,  while  at 
the  same  time  the  difference  between  the  body-wall  and  the  wall  of  the  intes- 
tine becomes  more  pronounced.  The  latter  becomes  more  separated  from  the 
protovertebrae,  as  the  middle  plate  begins  to  be  elongated  to  form  a  mesentery. 
The  body-wall,  or  somatopleure,  composed  of  the  epiblast  and  the  outer  layer 
of  the  cleft  mesoblast,  becomes  thickened  by  the  ingrowth  into  it  of  the  mus- 
cular layer  from  the  muscle-plate,  and  the  position  of  the  bones  and  the  spinal 
nerves  from  the  protovertebrae.  These  grow  between  the  epiblast  and  the  outer 
layer  of  the  mesoblast  {Remak),     [The  somatopleure,  or  parietal  lamina, 
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frora  each  side  grows  forward  and  towards  the  middle  line,  where  they  meet  to 
form  the  body- wall,  while  at  the  same  time  the  splanchnopleure,  or  visceral 
lamina,  on  each  side  also  grow  and  meet  in  the  middle  line,  and  when  they  do 
so,  they  enclose  the  intestine.  Thus,  there  is  one  tube  within  the  other,  and 
the  space  between  is  the  pleuro-peritoneal  cavity.] 

(2)  Vertebral  Column.-^A  dorsally  placed  structure,  called  the  muscle- 
plate  (fig.  813,  ms,),  is  differentiated  from  each  of  the  protovertebrae :  the 
remainder  of  the  protovertebra,  the  protovertebra  proper,  coalesces  with  that 
on  the  other  side,  so  that  both  completely  surround  the  chorda,  to  form  the 
membrana  reuniens  inferior,  in  the  chick  on  the  3d,  and  in  the  rabbit  on 
the  loth  day,  while,  at  the  same  time,  they  close  over  the  medullary  tube  dor- 
sally,  in  the  chick  at  the  4th  day,  to  form  the  membrana  reuniens  superior 
{Reicherf),  Thus,  there  is  a  union  of  the  masses  of  the  protovertebrae  in  front 
of  the  medullary  tube,  which  encloses  the  chorda,  and  represents  the  basis  of 
the  bodies  of  all  the  vertebrae,  whilst  the  membrana  reuniens  superior,  pushed 
between  ^he  muscle-plates  and  the  epiblast  on  the  one  hand  and  the  medullary 
tube  on  the  other,  represents  the  position  of  the  entire  vertebral  lamina  as  well 
as  the  intervertebral  ligaments  between  them.  The  vertebral  column  at  this 
membranous  stage  is  in  the  same  condition  as  the  vertebral  column  of  the 
cyclostomata  (Petromyzon). 

Spina  Bifida. — In  some  rare  cases  the  membrana  reuniens  superior  is  not  developed,  so  that 
the  medullary  tube  is  covered  only  by  the  epiblast  (epidermis),  either  throughout  its  entire  extent, 
or  at  certain  parts.  This  constitutes  the  condition  of  spina  bifida,  or,  when  it  occurs  in  the 
bead,  hemicephalia. 

Lastly,  parts  of  the  somatopleures  also  grow  towards  the  middle  line  of  the 
back,  and  insinuate  themselves  between  the  muscle-plate  and  the  epiblast ;  thus, 
the  dorsal  skin  is  formed  (^Remak). 

In  the  membranous  vertebral  column,  there  are  formed  the  several  cartilagi- 
nous vertebrae,  the  one  behind  the  other,  in  man  at  the  6ih  to  7th  week,  although 
at  first  they  do  not  form  closed  vertebral  arches ;  the  latter  are  closed  in  man 
about  the  4th  month.  Each  cartilaginous  vertebra,  however,  is  not  formed  from 
a  pair  of  protovertebrae,  i.e.,  the  6th  cervical  vertebra,  from  the  6th  pair  of 
protovertebrae,  but  there  is  a  new  subdivision  of  the  vertebral  column,  so  that 
the  lower  half  of  the  preceding  protovertebra  and  the  upper  half  of  the  suc- 
ceeding protovertebra  unite  to  form  the  final  vertebra.  While  the  bodies  are 
becoming  cartilaginous  the  chorda  becomes  smaller,  but  it  still  remains  larger 
in  the  intervertebral  discs.  The  body  of  the  first  vertebra  or  atlas  unites  with 
that  of  the  axis  to  form  its  odontoid  process,  and  in  addition  it  forms  thearcus 
anterior  atlantis  and  the  transverse  ligament  {Hasse).  The  chorda  can  be  fol- 
lowed upwards  through  the  ligamentum  suspensorium  dentis  as  far  as  the 
posterior  part  of  the  sphenoid  bone. 

The  histogenetic  formation  of  cartilage  from  the  indifferent  formative  cells  takes  place  by 
clivision  and  growth  of  the  cells,  until  they  ultimately  form  clear  nucleated  sacs.  The  cement 
substance  is  probably  formed  by  the  outer  parts  of  the  celb  (parietal  substance)  uniting  and 
secreting  the  intercellular  substance.  It  is  supposed  by  some  that  the  latter  contains  fine  canals, 
which  connect  the  protoplasm  of  the  adjoining  cells. 

Visceral  Clefts  and  Arches. — Each  side  of  the  cervical  region  contains 
four  slit-like  openings — the  visceral  clefts  or  branchial  openings  {Rathke) ; 
in  the  chick,  the  upper  three  are  formed  at  the  third,  and  the  fourth  on  the  4th 
day.  Above  the  slits  are  thickenings  of  the  lateral  wall,  which  constitute  the 
visceral  or  branchial  arches  (fig.  819).  The  clefts  are  formed  by  a  perfo- 
ration from  the  fore-gut,  but  this,  perhaps,  does  not  always  occur  in  the  chick, 
mammal,  and  man  (Ifis),  and  they  are  lined  by  the  cells  of  the  hypoblast.  On 
each  side  in  each  visceral  arch,  /'.  e.,  above  and  below  each  cleft,  there  runs  an 
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aortic  arch,  five  on  each  side  (fig.  811,  IX).  These  aortic  arches  persist  in 
fishes.  In  man,  all  the  slits  close,  except  the  uppermost  one,  from  which  the 
auditory  meatus,  the  tympanic  cavity,  and  the  Eustachian  tube  are  developed. 
The  four  visceral  arches  are  for  the  most  part  made  use  of  later  for  other 
formations  (p.  1104). 

Primitive  Mouth  and  Anus. — Immediately  under  the  fore-brain,  in  the 
middle  line,  is  a  thin  spot,  where  there  is  at  first  a  small  depression,  and  ulti- 
mately a  rupture,  forming  the  primitive  oral  aperture,  which  represents 
both  the  mouth  and  the  nose.  Similarly,  there  is  a  depression  at  the  caudal 
end,  and  the  depression  ultimately  deepens,  thus  communicating  with  the  hind- 
gut  to  form  the  anus.  When  the  latter  part  of  the  process  is  incomplete,  there 
is  atresia  ani,  or  imperforate  anus.  Several  processes  are  given  off  from  the 
primitive  intestine,  including  the  hypoblast  and  its  muscular  layers,  to  form  the 
lungs,  the  liver,  the  pancreas,  the  caecum  (in  birds),  and  the  allantois. 

The  extremities  appear  at  the  sides  of  the  body  as  short  un jointed  stumps 
or  projections  at  the  3d  or  4th  week  in  the  human  embryo. 

444.  AMNION  AND  ALLANTOIS.— Amnion.— During  the  eleva- 
tion of  the  embryo  from  its  surroundings,  immediately  in  front  of  the  head  (at 
the  end  of  the  2d  day  in  the  chick),  there  rises  up  a  fold  consisting  of  the  epi- 
blast  and  the  outer  layer  of  the  mesoblast,  which  gradually  extends  to  form  a 
sort  of  hood  over  the  cephalic  end  of  the  embryo  (fig.  811,  VI,  A).  In  the 
same  way,  but  somewhat  later,  a  fold  rises  at  the  caudal  end,  and  between  both 
along  the  lateral  borders  similar  elevations  occur,  the  lateral  folds  (fig.  811, 
III,  A).  All  these  folds  grow  over  the  back  of  the  embryo  to  meet  over  the 
middle  line  posteriorly,  where  they  unite  at  the  3d  day,  in  the  chick,  to  form 
the  amniotic  sac.  Thus,  a  cavity  which  becomes  filled  with  fluid — the  am- 
niotic fluid — is  developed  around  the  embryo  [so  that  the  embryo  really  floats 
in  the  fluid  of  the  amniotic 'sac].  In  mammals  also  the  amnion  is  developed 
very  early,  just  as  in  birds  (fig.  811,  VII,  A).  From  the  middle  of  pregnancy 
onwards,  the  amnion  is  applied  directly  to  the  chorion,  and  united  to  it  by  a 
gelatinous  layer  of  tissue,  the  tunica  media  of  Bischoff. 

Amniotic  Fluid. — The  amnion,  and  the  allantois  as  well,  are  formed  only 
in  mammals,  birds,  and  reptiles,  which  have  hence  been  called  amniota,  while 
the  lower  vertebrates,  which  are  devoid  of  an  amnion,  are  called  anamnia. 

Amniotic  fluid.  Composition. — ^The  amniotic  fluid  is  a  clear,  serous,  alkaline  floid«  ^)e* 
cific  gravity  1007  to  loii,  containing,  besides  epithelium,  lanugo  hairs,  ^  to  2  per  cent,  of  fixed 
solids.  Amongst  the  latter  are  albumin  (i\r  to  ^  per  cent.),  mucin,  glolmlin,  a  vitellin-like  bodj, 
some  grape  sugar,  urea,  ammonium  carbonate,  very  probably  derived  from  the  decompositioQ  of 
urea,  sometimes  lactic  acid  and  kreatinin,  calcic  sulphate  and  phosphate,  and  common  sak. 
About  the  middle  of  pregnancy,  it  amounts  to  about  l-i-S  kilo.  [2.2-3.3  lbs*]*  *i^<^  ^  ^^  cod 
about  0.5  kilo.  The  amniotic  fluid  is  of  foetal  origin,  as  is  shown  by  its  occurrence  in  Inrds,  and 
is,  perhaps,  a  transudation  through  the  foetal  membranes.  In  mammals,  the  urine  of  the  Itetas 
forms  part  of  it  during  the  second  half  of  pregnancy  {Gtaserow).  In  the  pathological  cooditioa 
of  hydramnion,  the  blood  vessels  of  the  uterine  mucous  membrane  secrete  a  watery  fluid.  The 
fluid  preserves  the  foetus,  and  also  the  vessels  of  the  foetal  membranes,  from  mechanical  injories; 
it  permits  the  limly;  to  move  freely,  and  protects  them  from  g^rowing  together;  and,  lastly,  it  h 
important  for  dilating  the  os  uteri  during  labor.  The  amnion  b  capable  of  contraction  at  the  ytk 
day  in  the  chick  j  and  this  is  due  to  the  smooth  muscular  Hbres  which  are  developed  in  the 
cutaneous  plate  in  its  mesoblastic  portion,  but  nervte  have  not  been  found. 

Allantois. — From  the  anterior  surface  of  the  caudal  end  of  the  embryo 
there  grows  out  a  small  double  projection,  which  becomes  hollowed  out  to  form 
a  sac  projecting  into  the  cavity  of  the  ccelom  or  pleuro -peritoneal  cavity  (fig. 
811)  ;  it  constitutes  the  allantois  and  is  formed  in  the  chick  before  the  581 
day,  and  in  man  during  the  2d  week.  Being  a  true  projection  from  the  hind- 
gut,  the  allantois  has  two  layers,  one  from  the  hypoblast,  and  the  other  from 
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the  muscular  layer,  so  that  it  is  an  offshoot  from  the  splanchnopleure.  From 
both  sides,  there  pass  on  to  the  allantois  the  umbilical  arteries  from  the 
hypogastric  arteries,  and  they  ramify  on  the  surface  of  the  sac.  The  allantois 
grows,  like  a  urinary  bladder  gradually  being  distended,  in  front  of  the  hind- 
gut  in  the  pleuro-peritoneal  cavity  towards  the  umbilicus ;  and  lastly,  it  grows 
out  of  the  umbilicus,  and  projects  beyond  it  alongside  the  omphalo- mesenteric 
or  vitelline  duct,  its  vessel  growing  with  it  (fig.  811,  VII,  a);  but,  after  this 
stage,  it  behaves  differently  in  birds  and  mammals. 

In  birds,  after  the  allantois  passes  out  of  the  umbilicus,  it  undergoes  great  development,  so 
that  within  a  short  time  it  lines  the  whole  of  the  interior  of  the  shell  as  a  highly  vascular  and 
saccular  membrane.  Its  arteries  are  at  first  branches  of  the  primitive  aort^e,  but  with  the 
development  of  the  posterior  extremities  they  appear  as  branches  of  the  hypogastric  arteries. 
Two  sdlantoidal,  or  umbilical  veins,  proceed  from  the  numerous  capillaries  of  the  allantois. 
They  pass  backward  through  the  umbilicus,  and  at  first  unite  with  the  omphalo-mesenteric 
▼eins  to  join  the  venous  end  of  the  heart.  In  birds  this  circulation  on  the  allantois,  or  second 
circulation^  is  respiratory  in  function,  as  its  vessels  serve  for  the  exchange  of  gases  through  the 
porous  shell.  The  circulation  gradually  assumes  the  respiratory  functions  of  the  umbilical 
▼esicle«  as  the  latter  gradually  becomes  smaller  and  smaller,  and  ceases  to  be  a  sufficient 
respiratory  organ.  Towards  the  end  of  the  period  of  incubation  the  chick  may  breathe  and  cry 
within  the  shell  {Aristotle) — a  proof  that  the  respiratory  function  of  the  allantois  is  partly  taken 
over  by  the  lungs.  The  allantois  is  also  the  excretory  organ  of  the  urinary  constituents. 
Into  its  cavity  in  mammals  the  ducts  of  the  primitive  kidt^eys^  or  the  Wolffian  ducts,  open,  but 
in  birds  and  reptiles,  which  possess  a  cloaca,  these  open  into  the  posterior  wall  of  the  cloaca. 
The  primitive  kidneys,  or  Wolffian  bodies,  consist  of  many  glomeruli,  and  empty  their  secre- 
tion through  the  Wolffian  ducts  into  the  allantois  (in  birds  into  the  cloaca),  and  the  secretion 
passes  through  the  allantois,  per  the  umbilicus,  into  the  peripheral  part  of  the  urinary  sac. 
Remak  found  ammonium  and  sodium  urate,  allantoin,  grape-sugar,  and  salts  in  the  contents  of 
the  allantois.  From  the  8th  day  onwards,  the  allantois  of  the  chick  is  contractile  (  Vulpiah)^ 
owing  to  the  presence  of  snKxtth  fibres  derived  from  the  splanchnopleure.  Lymphatics  accom- 
pany the  branches  of  the  arteries  i^A.  Budge). 

Allantois  in  Mammals. — In  mammals  and  man,  the  relation  of  the 
allantois  is  somewhat  different.  The  first  part  or  its  origin  forms  the  urinary 
bladder,  and  from  the  vertex  of  the  latter  there  proceeds  through  the  umbili- 
cus a  tube,  the  urachus,  which  is  open  at  first  (fig.  811,  VIII,  a).  The 
blind  part  of  the  sac  of  the  allantois  outside  the  abdomen  is  in  some  animals 
filled  with  a  fluid  like  urine.  In  man,  however,  this  sac  disappears  during  the 
2d  month,  so  that  there  remains  only  the  vessels  which  lie  in  the  muscular  part 
of  the  allantois.  In  some  animals,  however,  the  allantois  grows  larger,  does 
not  shrivel,  but  obtains  through  the  urachus  from  the  bladder  an  alkaline  tur- 
bid fluid,  which  contains  some  albumin,  sugar,  urea,  and  allantoin.  The  rela- 
tions of  the  umbilical  vessels  will  be  described  in  connection  with  the  foetal 
membranes. 

445.  FCETAL  MEMBRANES,  PLACENTA,  FCETAL  CIR- 
CULATION. — Decidua. — When  a  fecundated  ovum  reaches  the  uterus,  it 
becomes  surrounded  by  a  special  covering,  which  William  Hunter  Ci775) 
described  as  the  membrana  decidua,  because  it  was  shed  at  birth.  We  dis- 
tinguish the  decidua  vera  (fig.  811,  VIII,  /),  which  is  merely  the  thickened, 
very  vascular,  softened,  more  spongy,  and  somewhat  altered  mucous  membrane 
of  the  uterus.  [Sometimes  in  a  diseased  condition,  as  in  dysmenorrhoea,  the 
superficial  layer  of  the  uterine  mucous  membrane  is  somewhat  thrown  off  nearly 
en  masse  in  a  triangular  form  (fig.  815).  This  serves  to  show  the  shape  of  the 
decidua,  which  is  that  of  the  uterus].  When  the  ovum  reaches  the  uterus,  it  is 
caught  in  a  crypt  or  fold  of  the  decidua,  and  from  the  latter  there  grow  up 
elevations  around  the  ovum;  but  these  elevations  are  thin,  and  soon  meet  over 
the  back  of  the  ovum  to  form  the  decidua  reflexa  (fig.  811,  VIII,  r).  At 
the  2d  to  3d  month  there  is  still  a  space  in  the  uterus  outside  the  reflexa ;  in 
the  4th  month  the  whole  cavity  is  filled  by  the  ovum.     At  one  part  the  ovum 
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lies  directly  upon  the  d.  vera  [and  that  part  is  spoken  of  as  the  decidua 
serotina],  but  by  far  the  greatest  part  of  the  surface  of  the  ovum  b  in  con- 
tact with  the    reflexa.     In    the  region    of  the  d.    serotina   the   placenta  a 

ultimately  formed, 

SUuciure  of  the  Decidus  Vera. — The  d.  vere  at  the  3d  monih  is  4  lo  7  mm.  lluck,  ud 
al  the  4th  only  1  lo  3  ram.,  and  it  no  longer  has  any  epiihelium ,  bul  it  U  veiy  vascnlv  tod 
is  possessed  ot  lymphatics  around  Ihe  glands  and  blood-vessels  (Leepold),  and  in  it$  loose  9il>- 
stance  are  large  round  cells  (riecidua  ctWi—KollHer),  which  ia  the  deeper  parts  become  changed 
into  fibre  cells — there  are  also  lymphoid  cells.  The  uterine  glands,  which  become  greily 
developed  M  the  coramencemeiit  of  pregnancy,  at  the  3d  to  the  4lh  month  fbnn  niHi.cctli]lat, 
wide,  bulging  tubes,  which  l>ecome  indistinct  in  the  later  monlhs,  and  in  which  the  ephbdinm 
diiiappeaTS  more  and  mare.  The  d.  reflexa,  much  thinner  than  the  vera  from  the  middle  of 
pregnancy,  is  deroid  of  epiihelium,  and  is  without  vessels  and  glands.  Towards  the  end  o( 
pregnancy  the  two  deciduiC  unite  with  each  other. 

The    ovum,  covered  at  first  with  small  hollow  villi,  is  stirrounded  by  the 
decidua.     From  the  formation  of  the  amnion  it  follows  that,  after  it  is  closed, 
a  completely  closed  sac  passes  away  from  the  embryo  to  lie  next  the  primitive 
chorion.     This  membrane  is  the  "  serous  covering"  of  v.  Baer(fig.  8ti.  VII, 
s),  or  the  false  amnion.     It  becomes  closely  applied  to  the  inner  surface  of 
the  chorion,  and  extends  even  into  its  villi.     The  allantois  proceeding  from  the 
umbilicus  comes  to  lie  directly  in  contact  with  the  fcetal  membrane  ;  its  sac 
disappears  about  the  2d  month  in  man,  but  its  vascular  layer  grows  rapidly 
and  lines  the  whole  of  the  inner  surface  of  the  chorion,  where  it  is  found  on 
the  i8th   day  {Caste).     From  the  4th  week  the  blood-vessels,  along  with  a 
covering  of  connective-tissue,  branch  and  penetrate  into  the  hollow  cavities  of 
the  villi  and  completely  fill  them.     At  this  time  the  primitive  chorion  disap- 
pears.    Thus  we  have  a  stage  of  general  vascularization  of  the  chorion.     In  the 
place  of  the  derivative  of  the  zona  pellucida  we  have  the  vascular  villi  of  the 
allantois,  which   are  covered  by  the  epiblastic  cells  derived  from  the  false 
amnion.     This  stage  lasts  only  until  the  3d  month,  when  the  chorionic  villi 
disappear  all  over  that  part 
of  the   surlkce  of  the  ovum 
which  is  in  contact  with  the 
decidua  reflexa.  On  the  other 
hand,  the  villi  of  the  chori- 
on, where  they  lie  in  direa 
contact   with    the    decidua 
serotina,  become  larger  and 
more  branched.  Thus,  there 
is  distinguished  the  cborion 
Iteve  and  c.  frondosum. 

The  chorion  Ixve,  whkh  cm. 
silts  of  a  connective-tissne  miDii 
covered  externally  byscrcral  layoi 
of  cells,  has  a  few  isolated  vilU  at 
wide  intervals.  Between  the  chor- 
ion and  the  amnion  is  ■  gelalinoai 
substance  [membnina  inieriDedia) 
or  undeveloped  conaectiTetissoe. 

p.    g  Placenta.  — The     large 

.    ,  1.    ,         i        1    J  villi  of  the  chorion  frondo 

A  dysmenorrhea!  membrane  laid  open. 

sum  penetrate  into  the  tissue 
of  the  decidua  serotina  of  the  uterine  mucous  membrane.  [It  was  formerly 
supposed  that  the  chorionic  villi  entered  the  mouths  of  the  uterine  glands,  bul 
the  researches  of  Ercolani  and  Turner  have  shown  that,  although  the  uterine 
glands  enlarge  during  the  .early  months  of  utero-gestation,  ihe  villi  do  not  enler 
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the  glands.  The  villi  enter  the  crypts  of  the  uterine  mucous  membrane.  The 
glands  of  the  inner  layer  of  the  dectdua  serotina  soon  di)vippear.]  As  the  villi 
grow  into  the  decidua  serotina,  they  push  against  the  walls  of  the  large  blood- 
vessels, which  are  similar  to  capillaries  in  structure,  so  that  the  villi  come  to  be 
bathed  by  the  blood  of  the  mother  in  the  uterine  sinuses,  or  they  float  in  the 
colossal  decidual  capillaries  (fig.  811,  VII,  6).  The  villi  do  not  float  naked  in 
the  "maternal  blood,  but  they  are  covered  by  a  layer  of  cells  derived  from  the 
decidua.  Some  villi,  with  bulbous  ends,  unite  firmly  with  the  tissue  of  the 
uterine  part  of  (he  placenta  to  form  a  firm  bond  of  connection.  [The  placenta 
is  formed  by  the  mutual  intergrowlh  of  the  chorionic  villi  and  the  decidua 
serotina.]  Thus,  it  consists  of  a  fcetal  part,  including  all  the  villi  and  a 
maternal  or  uterine  part,  which  is  the  very  vascular  decidua  serotina.  At 
the  time  of  birth  both  parts  are  so  firmly  united  that  they  cannot  be  separated. 
Around  the  margin  of  the  placenta  is  a  large  venous  vessel,  the  marginal  sinus 
of  the  placenta.  [Freidlander  found  the  uterine  sinuses  below  the  placental 
site  blocked  by  giant  cells  after  the  8th  month  of  pregnancy.  Leopold  confirms 
this,  and  found  the  same  in  the  serotina!  veins.] 

Functions, — Tiie  placenta  is  the  nutritive,  excretory,  and  respiratory 
organ  of  the  fcetus  (§  368) ;  the  latter  receives  its  necessary  pabulum  by  endos- 
mosLs  from  the  maternal  sinuses  through  the  coverings  and  vascular  wall  of  the 
villi     in    which    the    fcetal 
blood  circulates.     [The  pla- 
centaalso  contains  glycogen.'\ 

[Structure. — A  piece  of  Itesh 
placenta  leased  in  normal  saline 
solution  shons  the  villi  provided 
vilb  lateral  oiTshoots,  and  codklsI- 
ing  of  a  connective-tLssue  frame- 
work, containiDg  a  capillary  net- 
work with  aiteries  and  veins, 
■while  the  villi  tlieroselves  are 
covered  by  a  layer  of  somewhat 
cubical  epithelium  (fig.  816).] 

Uterine  Milk.— Be- 
tween ihe  villi  of  the  pla- 
centa there  is  a  clear  fluid, 
which  contains  numerous 
small,  albuminous  globules, 
and  this  fluid,  which  is  abun- 
dant in  the  cow,  is  spoken 
of  as  the  uterine  milk.  It 
seems  to  be  formed  by  the 
breaking  up  of  the  decidual 

cells.     It  has  been  supposed  Fig.  816. 

to   be  nutritive  in   function.  Human  placental  villi.     Blood-vessels  black. 

£The  maternal  placenta,  therefore,  seems  to  be  a  secreting  structure,  while  the 
fcelal  part  has  an  absorbing  function.  The  uterine  milk  has  been  analyzed  by 
Gamgee,  who  found  that  il  contained  fatty,  albuminous,  and  saline  constituents, 
while  sugar  and  casein  were  absent.] 

The  invesiigationa  of  Walter  show  that  after  poisoning  pr^nanl  animals  with  strychnin,  mor- 
phia, veratrin,  curare,  and  ergotio,  these  substances  are  not  found  in  the  fcelu5,  although  many 
other  chemical  substances  pass  into  it. 

[Savory  found  that  strychnin  injected  into  a  foslus  in  ulero  caused  tetanic  convulsions  in  the 
tnolher  (bilcfa),  while  syphilis  loay  be  communicated  from  the  Tather  to  the  mother  through  the 
medium  of  the  foetus  {Uulchinion).  A.  Haivey's  record  of  observations  on  the  crossing  of 
bmdi  of  animals — chiefly  of  horses  and  allied  species — show  thai  materials  can  pass  from  the 
Ibetus  to  the  mother.] 
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of  some  onimU. 

The  position  of  the  placenta  is,  u  a  rule,  on  the  anlerior  or  posterior  wall  of  (be  menu, 
more  rarely  on  the  fundus  uteri,  or  laterally  from  the  opening  of  the  Fallopiui  lube,  or  oTer  tbe 
internal  orilice  of  the  cervix,  the  last  consiiluting  the  condiiion  of  placenta  previa,  which  ii 
•  veiy  dangerous  form  of  placental  inscnion,  u  the  placenta  has  to  be  ruptared  befwc  Unh  aa 
lake  place,  hi  that  the  mother  ofLen  dies  from  hemorrhage.  The  umbilical  cord  may  be  inseited 
in  the  centre  of  the  placenta  {itiiertio  etttlralii.  or  more  towards  the  margin  [itts.  mar^naSh) 
or  the  cord  may  be  fixed  to  ihe  chorion  If  ve.  Sometimes,  though  rarely,  there  are  small  sabodi- 
Biy  placentae  [pi.  succtnturiata),  in  addition  to  Ihe  large  one.  When  the  placenta  coniisi  of 
two  halves,  it  is  called  duplex  or  bipartite,  a  condiiion  said  by  Hyrtl  lo  he  constant  in  Ihe  apes  ti 
the  old  world. 

Structure  of  the  Umbilical  Cord. — The  umbilical  cord  (48  to  60  cm. 
[30  to  34  inches^  long,  11  to  13  mm.  thick)  is  covered  by  a  sheath  from  the 


Fig.  817. 
Section  of  the  uterine  wall  with  the  placenta  adhering  to  it,  from  a  woman  30  weeks  pregnaDL 
a,  root  and  insertion  of  the  umbilical  oord ;  b,  amniotic  covering  of  the  placenta  and  cofd ; 
>-,  chorion ;  Jd,  fretal  part  of  the  placenta ;  le,  uterine  wall ;  ff,  complex  of  placental  nlli 
forming  the  fixtal  placenta ;  gg,  decidua ;  hk,  processes  of  the  decidua  penetrating  into  the 
fietal  placenta;  11,  branches  of  an  uterine  artery  1  ip,  an  artery  entering  the  placenta;  kiUt. 

amnion.  The  blood-vessels  make  about  forty  spiral  turns,  and  they  begin  10 
appear  about  the  zd  month.  [The  cause  of  the  twisting  is  not  well  under- 
stood, but  Virchow  has  shown  that  capillaries  pass  from  the  skin  for  a  short  dis- 
tance on  the  cord,  and  they  do  so  unequally,  and  it  may  be  that  this  may  aid  in 
the  production  of  the  tomon.]  It  contains  two  strongly  muscubr  and  conir«c- 
tile  arteries,  and  one  umbilical  vein.  The  two  arteries  anastomose  in  the 
placenta  {Hyrtl).  In  addition,  the  cord  contains  the  continuation  of  the 
urachus,  the  hypoblastic  portion  of  the  allantois  (fig.  8ti,  VIII,  a),  which  re- 
mains until  the  2d  month,  but  afterwards  is  much  shrivelled.  The  omphalo- 
mesenteric duct  of  the  umbilical  vesicle  (N)  is  reduced  to  a  thread-like  staifc 
(fig.  811,  VIII,  D).  ^Vharton's  jelly  surroutids  the  umbilical  blood-veseb. 
Wharton's  jelly  is  a  gelatinous-like  connective- tissue,  consisting  of  branched 
corpuscles,   lymphoid    cells,  some    connective-tissue    fibrils,  and    even  elastic 
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fibres.  It  yields  mucin.  It  is  traversed  by  numerous  juice-canals  lined  by 
endothelial  cells,  but  other  blood-  and  lymphatic- vessels  arc  absent.  Nerves 
occur  3-8-11  cm.  from  the  umbilicus  (Schott). 

The  fcetal  circulation,  which  is  established  after  the  development  of  the 
allantois,  has  the  following  course  (fig.  818):    The  blood  of  the  fcetus  passes 
from  the  hypogastric  arteries  through  the  two  umbilical  arteries,  through  the 
umbilical  cord  to  the  placenta,  where  the  arteries  split  up  into  capillaries.     TTie 
blood  is  returned  from  the  placenta  by  the  umbilical  vein,  although  the  color 
of  the  blood  cannot  be  distinguished  from  the  venous  or  impure  blood  in  the 
umbilical  arteries.     The  umbilical  vein  (lig.  819,  3,  «)  returns  to  the  umbili- 
cus, passes  upwards  under  the  margin  of  the  liver,  gives  a  branch  to  the  vena 
portee  (a),  and  runs  as  the  ductus  venosus  into  the  inferior  vena  cava,  which 
carries  the  blood  into  the  right  auricle.     Directed  by  the  Eustachian  valve  and 
the  tubercle  of  Lower  (fig.  826,  6,  /Z),  the  great  mass  of  the  blood  passes 
through  the  foramen  ovale  into  the  left  auricle,  owing  to  the  presence  of  the 
valve  of  the  foramen  ovale.     From  the  left  auricle  it  passes  into  the  left  ven- 
tricle, aorta,  and  hypogastric  arteries,  to  the  umbilical  arteries.     The  blood  of 
the  superior  vena  cava  of  the  fcetus  passes  from  the  right  auricle  into  the  right 
ventricle  (fig.  826,  6,  Cs).     From  the  right  ventricle  it  passes  into  the  pulmo- 
nary artery  (fig.  8a6,  7,/),  and  through  the  ductus   arteriosus  of  BotalH 
(J)    into    the    aorta.     There    are, 
therefore,  two  streams  of  blood  in 
the   right  auricle   which  cross  each 
other,  the  descending  one  from  the 
head  through  the  superior  vena  cava, 
passing  in  front  of  the  transverse  one 
from  the  inferior  vena  cava  to  the 
foramen     ovale.]      Only     a     small 
amount  of  the  blood  passes  through 
the  as  yet  small  branches  of  the  pul- 
monary artery  to  the  lungs  (lig.  826, 
7, 1,  3).     The  course  of  the  blood 
makes  it  evident  that  the  head  and 
upper  limbs  of  the  fcetus  are  nour- 
ished  by  purer  blood  than  the  re- 
mainder of  the  trunk,  which  is  sup- 
plied   with    blood    mixed    with    the 
blood    of  the  superior    vena    cava. 
After  birth,  the  umbilical  arteries 
are  obliterated,  and  become  the  lat- 
eral ligaments  of  the  bladder,  while 
their  lowerparts  remain  as  the  superior 
vesical  arteries.     The  umbilical  vein 
is    obliterated,  and    remains  as   the 
ligamentum  teres,  or  round  ligament 
of   the    liver,  and  so  is  the  ductus 
venosus  Arantii.     lastly,  the  fora- 
men ovale  is  closed,  and  the  ductus 
arteriosus  is  obliterated,  the   latter 
forming  the  lig.  arteriosus. 

The  COD dit ion  of  the  membranes  where  F'E-  S'^- 

there  aremore  fteiusei  Ihan  one ;  (1)  With  Course  of  the  fcwal  circulaiion. 

Iwim  there  aie  Iwo  coniplelely  separated  ova, 

with  two  placenta  and  two  decidme  reflexse.  (z)  Two  completely  separated  ova  may  have 
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only  one  reflex  a,  whereby  the  placentae  grow  together,  while  their  blood- vesiiels  remain  distisct 
The  chorion  is  actually  double,  but  cannot  be  separated  into  two  lamellae  at  the  point  of  unioa. 
(3)  One  reflexa.  One  chorion,  one  placenta,  two  umbilical  cords,  and  two  amnia.  The  vessels 
anastomose  in  the  placenta.  In  this  case  there  is  one  ovum  with  a  double  yolk,  or  with  two 
germinal  vesicles  in  one  yolk.  (4)  As  in  (3),  but  only  one  amnion,  caused  by  the  formation  of 
two  embryos  in  the  same  blastoderm  of  the  same  germinal  vesicle. 

Formation  of  the  Fcetal  Membranes. — The  oldest  mammals  have  no  placenta  or  mnbilical 
vessels;  these  are  the  Mammalia  implacentalia,  including  the  monotremata  and  marsopials. 
The  second  group  includes  the  Mammalia  placentalia.  Amongst  these  (a)  the  non-decid- 
uata  possess  only  chorionic  villi  supplied  by  the  umbilical  vessels,  which  project  into  the  depres- 
sions of  the  uterine  mucous  membrane,  and  from  which  they  are  pulled  cut  at  birth  (PI.  diffma, 
e.g.^  pachydermata,  cetacea,  solidungula,  caroelidse).  In  the  ruminants,  the  villi  are  arranged 
in  groups  or  cotyledons,  which  grow  into  the  uterine  mucous  membrane,  from  which  tbcj  are 
pulled  out  at  birth,  (b)  In  the  deciduata,  there  b  such  a  firm  union  between  the  chorionic 
villi  with  the  uterine  mucous  membrane,  that  the  uterine  part  of  the  placenta  comes  away  with 
the  foetal  part  at  birth.  In  this  case  the  placenta  is  either  zonaiy  (camivora,  pimxipedia, 
elephant)  or  discoid  (apes,  insectivora,  edentata,  rodentia). 

446.  CHRONOLOGY  OF  HUMAN  DEVELOPMENT.— Development  daring 
the  zst  Month. — At  the  I2th-i3th  day  the  ovum  is  saccular  (5.5  mm.  and  '^.'^  mm.  in  diam- 
eter) ;  there  is  simply  the  blastodermic  vesicle,  with  the  blastoderm  at  one  part,  coosi^ing  of 
two  layers;  the  zona  pellucida  beset  with  small  villi  (Reickert).  At  the  I5th-i6th  daj  the 
ovum  (5-6  mm.)  is  covered  with  simple  cylindrical  villi.  The  zona  pellucida  consists  of 
embryonic  connective-tissue  covered  with  a  layer  of  flattened  epithelium.  The  primitive 
groove  and  the  laminae  dorsales  appear.  Then  follows  the  stage  when  the  allantois  is  fint 
formed.  At  the  I5th~i8th  day  Coste  investigated  an  ovum.  It  was  13.2  mm.  long,  with  small 
branched  villi ;  the  embryo  itself  was  2.2  mm.  long,  of  a  curved  form,  and  with  a  moderately 
enlarged  cephalic  end.  The  amnion,  umbilical  vesicle  with  a  wide  vitelline  duct,  find  the  allan- 
tois were  developed,  the  last  already  united  to  the  false  amnion.  The  S^shaped  heart  lies  in  the 
cardiac  cavity,  shows  a  cavity  and  a  bulbous  aortae,  but  neither  auricles  nor  ventricles.  The  visce- 
ral arches  and  clefts  are  indicated,  but  they  are  not  perforated.  The  omphalo-mesenteric  vessels 
forming  the  first  circulation  on  the  umbilical  vesicle  are  developed,  the  duct  (vitelline)  is  still  quite 
open,  and  two  primitive  aorta  run  in  front  of  the  protovertebrse.  The  allantois  attached  to  the  foetal 
membranes  is  provided  with  blood-vessels.  The  two  omphalo-mesenteric  veins  unite  with  the 
two  umbilical  veins,  and  pass  to  the  venous  end  of  the  heart.  The  mouth  is  in  process  of  fix- 
mation.     The  limbs  and  sense-organs  absent;  the  Wolffian  bodies  probably  present. 

At  the  20th  day  all  the  visceral  arches  are  formed,  and  the  clefts  are  perforated.  The 
mid-brain  forms  the  highest  part  of  the  brain,  while  the  two  auricles- appear  in  the  heart.  The 
connection  with  the  umbilical  vesicle  is  still  modetately  wide.  The  embryo  is  2.6-3.3-4  nmi. 
long,  while  the  head  is  turned  to  one  side  {His).  At  a  slightly  later  period  the  temporal 
and  cervical  flexures  take  place,  and  the  hemispheres  appear  more  prominently ;  the  vitelline 
duct  is  narrowed,  the  position  of  the  liver  is  indicated,  wliile  the  limbs  are  still  absent  {His). 

At  the  2Z8t  day  the  ovum  is  13  mm.  long  and  the  embryo  4-4.5  ™™*  *  ^^^  nmbilioL]  vestde 
2.2  mm.,  and  the  intestine  almost  closed.  Three  branchial  clefts,  WolfBan  bodies  laid  down, 
and  the  first  appearance  of  the  limbs  ;  three  cerebral  vesicles,  auditory  capsnles  present  {R, 
Wagner).  Coste  also  observed,  in  addition,  the  nasal  pits,  eye,  the  opening  for  the  month,  widi 
the  frontal  and  superior  maxillary  processes,  the  heart  with  two  ventricles  and  two.  auricles. 

End  of  the  zst  Month. — The  embryos  of  25-28  days  are  characterized  by  the  distinctly 
stalked  condition  of  the  umbilical  vesicle  and  the  distinct  presence  of  limbs.  Size  of  the  ovwa, 
17.5  nun. ;  embryo,  8-1 1  mm. ;  umbilical  vesicle,  4.5  mm.,  with  blood-vessels. 

2d  Month, — The  embryos  of  28-35  ^^y^  ^^^  more  elongated,  and  all  the  branchial  clefts  are 
closed  except  the  first.  The  allantois  has  now  only  three  vessels,  as  the  right  umbilical  vcia  is 
obliterated.  At  the  5th  week  the  nasal  pits  are  united  with  the  angle  of  the  month  by  furrows, 
which  close  to  form  canals  at  the  6th  week  (7<?ii//).  At  35-42  days  the  embryo  is  1.3-1.1 
cm.  long,  the  nasal  and  oral  orifices  are  separated,  the  face  is  flat  the  limbs  show  three  diviaoof, 
the  toes  are  not  so  sharply  defined  as  the  fingers.  The  outer  ear  appears  as  a  low  projection  at 
the  7th  week.  The  Wolffian  bodies  are  much  reduced  in  size.  Length  of  body  at  7th  to  Sdb 
week,  1.6-2. 1  cm. 

End  of  the  2d  Month.— Ovum,  61^  cm.;  villi,  1.3  mm.  long;  the  circulation  00  the 
umbilical  vesicle  has  diappeared ;  embryo,  26  mm.  long,  and  weighs  4  grams.  Eyelids  and 
nose  present ;  umbilical  cord  8  mm.  long,  abdominal  cavity  closed,  ossification  beginning  in  the 
lower  jaw,  clavicle,  ribs,  bodies  of  the  vertebrae ;  sex  indistinct ;  kidnejrs  laid  down. 

3d  Month. — Ovum  as  large  as  a  goose's  egg ;  beginning  of  the  placenta ;  embryo  7-9  cau 
weighing  1 1  grams,  and  is  now  spoken  of  as  a  fcetus.  External  ear  well  formed ;  umbifica] 
cord  7  cm.  long.  Beginning  of  the  difference  between  the  sexes  in  the  external  genitals,  umbfiicM 
in  the  lower  fourth  of  the  linea  alba. 
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4th  Month. — Fcetus  17. cm.  long,  weighing  57  grams,  sex  distinct;  hair  and  nails  beginning 
to  be  formed,  placenta  weighs  80  grams,  umbilical  cord  19  cm.  long,  umbilicus  above  the  lowest 
third  of  the  linea  alba ;  contractions  or  movements  of  the  limbs ;  meconium  in  the  intestine ; 
skin  with  blood-vessels  shining  through  it,  eyelids  closed. 

5th  Month. — Foetus,  length  of  body,  9.7-14.7  cm.,  total  length  18  to  28  cm.,  weighing  284 
grams;  hair  on  the  head  and  lanugo  distinct;  skin  still  somewhat  red  and  thin,  and  covered 
with  vemix  caseosa  (|  287,  2),  is  less  transparent;  weight  of  placenta,  178  grams;  umbilical 
cord,  31  cm.  long. 

6th  Month. — Foetus,  length  of  body,  9.7-14.7,  total  length,  18-28  cm.,  weighing  638  grams; 
lanugo  more  abundant ;  vemix  more  abundant ;  testicles  in  the  abdomen ;  pupillary  membrane 
and  eyelashes  present ;  meconium  in  the  large  intestine. 

7th  Month. —  Foetus,  length  of  body,  18-22.8,  total  length,  35-38  cm.,  weighing  121 8  grams, 
the  descent  of  the  testicles  begins — one  testicle  in  the  inguinal  canal — the  eyes  open,  the  pupil- 
lary membrane  often  absorbed  at  its  centre  in  the  28th  week.  In  the  brain  other  fissures  are 
formed  besides  the  primary  ones.  The  foetus  is  capable  of  living  independently.  At  the  begin- 
ning of  this  month  there  is  a  centre  of  ossiBcation  in  the  os  calcis. 

8th  Month. — Foetus,  length  of  body,  24-27  8,  total  length  42  cm.,  weighing  1.5  to  2  kilos. 
i^'^  ^04*4  lbs.),  hair  of  the  head  abundant,  1.3  cm.  long,  naib  with  a  small  margin,  umbilicus 
fa«low  the  middle  of  the  linea  alba,  one  testicle  in  the  scrotum. 

gth  Month. — Foetus,  length  of  body,  30-37,  total  length,  47-67  cm.,  weighing  2234  grams, 
and  is  not  distinguishable  from  the  child  at  the  full  period. 

Foetus  at  the  Full  Period. — Length  of  body,  51  cm.  [20  inches],  weight,  3^  kilos. 
[7  lbs.],  lanugo  present  only  on  the  shoulders,  skin  white.  The  naib  of  the  fingers  project  be- 
yond the  tips  of  the  fingers,  umbilicus  slightly  below  the  middle  of  the  linea  allm.  The  centre 
of  ossification  in  the  lower  epiphysis  of  the  femur  is  4  to  8  mm.  broad. 


Period  of  Gestation  or  Incubation  {Schenk), 


Coluber,  . 
Hen,     . 

Duck,    .  . 

Goose,  .  . 
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Days. 
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Rabbit, 
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•         •         •         •       J 

Weeks. 

Rat, 5 

Guinea-pig,  .    .        7 
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Marten,     .    .    .  / 


Dog, 

Fox, 

Foumart 

Badger, 

Wolf, 

Lion, 
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Sheep,  .  . 
Goat,  .  . 
Roe,  .  . 
Bear,  .  . 
Small  apes. 
Deer.  .  .  . 
Woman,  . 


Weeks. 
21 
22 

24 

:  }39 

.    3^40 

40 


Horse,  Camel,  13  months;  Rhinoceros,  18  months;  and  Elephant,  24  months. 

Limitation  of  the  supply  of  O  to  eggs,  during  incubation,  leads  to  the  formation  of  dwarf 
chicks. 

The  movements  of  the  foetus  can  be  detected  through  the  abdominal  parietes  of  the  mother. 
They  consist  in  extensor  movements  of  the  trunk,  movements  of  the  liml^,  and  toward  the  end 
of  pregnancy  a  regular  rhythmical  movement  of  the  respiratory  muscles  (Ahlfeld)  which  lasts 
for  some  time.     Besides  these  the  foetus  makes  movements  of  sucking  and  swallowing. 

447.  FORMATION  OF  THE  OSSEOUS  SYSTEM.— Vertebral  Column.— 
The  ossification  of  the  vertebrae  begins  at  the  8th  to  the  9th  week,  and  first  of  all  there  is 
a  centre  in  each  vertebral  arch,  then  a  centre  is  formed  in  the  body  behind  the  chorda, 
which,  however,  is  composed  of  two  closely  apposed  centres.  At  the  5th  month  the  osseous 
matter  has  reached  the  surface,  the  chorda  within  the  body  of  the  vertebra  is  compressed ;  the 
three  parts  unite  in  the  1st  year.  The  atlas  has  one  centre  in  the  anterior  arch  and  two  in  the 
posterior ;  they  unite  at  the  3d  year.  The  epistropheus  has  a  centre  at  the  1st  year.  The  three 
points  of  the  sacral  vertebrae  ui|ite  or  anchylose  between  the  2d  and  the  6th  year,  and  all  the 
vertebrae  (sacral)  become  united  to  form  one  body  between  the  i8th  and  25th  years.  Each  of 
the  four  coccygeal  vertebrsB  has  a  centre  from  the  ist  to  loth  year.  The  vertebrae  in  later 
years  produce  I  to  2  centres  in  each  process  ;  I  to  2  centres  in  each  transverse  process ;  i  in  the 
mamillary  process  of  the  lumbar  vertebrae ;  and  i  in  each  articular  process  (8  to  15  years).  Of 
the  upper  and  under  surfaces  of  the  body  of  a  vertebrae  each  forms  an  epiphysial   thin  osseous 

Clate,  which  may  still  be  visible  at  the  20th  year.  Groups  of  the  cells  of  the  chorda  are  still  to 
e  found  within  the  intervertebral  discs.  As  long  as  the  coccygeal  vertebrae,  the  odontoid  pro- 
cess, and  the  base  of  the  skull  are  cartilaginous,  they  still  contain  the  remains  of  the  chorda 
{H.  Muller),  The  coccygeal  vertebrae  form  the  tail,  and  they  originally  project  in  man  like  a 
tailffig.  811,  IX,  T),  which  is  ultimately  covered  over  by  the  growth  of  the  soft  parts  i^His). 

The  ribs  bud  out  from  the  protovertebrae,  and  are  represented  on  each  vertebrae.  The  thoracic 
ribs  become  cartilaginous  in  the  2d  month  and  grow  forwards  into  the  wall  of  the  chest,  whereby 
the  seven  upper  ones  are  united  by  a  median  portion  {^Rathke\  which  represents  the  position  of 
one-half  of  the  sternum,  and  when  the  two  halves  meet  in  the  middle   line  the  sternum  is 
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fOTmed.  When  this  doe<  notoccurwe  have  the  condiiian  of  the  cleft  st«muni.  Atlbc6(k 
tnonih  there  is  a  centre  of  Oisllicatian  in  the  maaubrium,  then  4  to  13  in  pairs  in  the  bodj,  and 
I  in  the  ensifarm  process.  Each  rib  has  a  centre  of  ossification  in  its  bod]'  at  the  ad  msnlh, 
and  at  the  8th  lo  14th  one  in  (he  tubercle  and  another  in  the  head.  These  aochjrlose  at  the 
14th  to  35ih  year.     Somellmei  ccnical  ribs  are  present  in  man,  and  ibej  are  large I;r  dereloptd 

The  skull. — The  chorda  extends  forwards  into  the  aiiil  part  of  the  t>aie  Co  the  sphenoid  hoae. 
The  EkuU  at  first  is  membraaous,  or  the  primordial  cranium ;  at  the  3d  month  the  baal 
portion  becomes  cartilaginous,  including  the  occipital  bone,  except  Ihcnppcr  half,  the  anterior 
and  posterior  part  and  wings  of  the  sphenoid  bone,  the  petrous  part  and  mastoid  proc«ol  the 
temporal  bone,  the  ethmoid  with  the  naul  septum,  and  the  cartilaginous  part  of  the  docc.  The 
other  parts  of  the  skull  remain  membranous,  so  thai  there  is  a  cartilaginous  and  inembraiioss 
primordial  cranium. 

I.  The  occipital  bone  has  a  centre  of  ossificalion  in  tbe  bs^larpart  at  the  3d  moiHh,aad 
one  in  the  condyloid  part  and  another  in  the  fossa  cerebelli,  while  there  are  two  centres  in  the 
membranous  cerebral  fosBK.  The  foor  centres  of  the  body  miiCe  during  intrA-Dterioe  life.  AH 
the  other  parts  unite  at  the  lit  lo  sd  year. 

II.  The  post-lphenoid. — From  (he  3d  month  it  has  two  centres  in  the  sella  turcica,  two  in 
the  sulcus  caroticus,  two  in  both  great  wings,  which  also  form  (he  lamina  externa  of  the  F*erT- 
goid  process,  while  the  non- cartilaginous  and  previously  formed  inner  lamina  arites  fimn  Ibc 
superior  maxillar]'  process  of  the  first  branchial  arch.  During  (he  first  half  of  l<aal  life  (hoc 
centres  unite  as  far  as  (he  great  wings  ;  the  dorsum  sellce  and  the  clinoid  process,  as  &r  as  (he 
synchondrosis  spheno-occipitalii,  are  still  cartilaginous,  bu(  they  ossify  at  the  13th  year. 

III.  The  pre-Bptaenoid  at  the  8th  tnonth  has  two  centres  in  the  small  wings  and  (wo  in  the 
body.     At  (he  6th  mon(h  they  uni(e,  but  cartilage  is  still  foond  within  them  even  at  the  ijlh 

IV.  The  ethmoid  has  a  centre  in  (be  labyrinth  at  the  5th  motith,  then  in  tbe6rst  years 
ceotre  in  the  central  lamina.     They  unite  about  the  5lh  en-  6th  year. 

V.  Amongst  the  membrane  bonea  are  the  inner  lamina  of  the  pterygoid  process  (one  cen- 
tre), the  upper  half  of  the  tabular  plate  of  the  occipital  (two  points),  the  parietal  bone  (one  cenm 
in  the  parietal  eminence),  ihe  fronlal  bone  (one  double  centre  in  the  frontal  eminence),  (hree  mall 
centres  in  the  nasal  spine,  spina  trochiearis  and  zygomatic  process,  nasal  (one  centre),  the  edges 
of  the  parietal  bones  (one  centre),  the  tympanic  ring  (one  centre),  the  lachrymal,  toiuct,  tai 
intermaxillary  bone. 

The  facial  bones  are  intimately  related  to  the  transfonoations  of  the  iraitchial  arckes  and 

Amnr-Jia/r/^j  (lig.819).    The  median  end  of  (he  first  branchial  arch  projects  inwards  fnn 

each  side  towards  the  large  oral  aperture.     It  has  (wo 

processes,  the  superior  maxillary  procesa  wlUcti  grain 

more  laterally  towards  the  tide  of  the  mouth,  and  the 

inferior  maiillary  process,  which  surrounds  the  krva 

nia^D  of  the  mouth  (Gg.  811,  IX).      Krcxn  above  dovo- 

waids  there  grows  as  an  elongation  of  the  basis  craDo 

the  frontal  process  (i),  a  broad  process  with  a  pdni  (/) 

''-  at    its  lower  and  outer  angle,   the  inner  nasal  pioC»s. 

>'       The  frontal  and  the  superior  maxillary  processes  (r)  unite 

with  each  other  in  such  a  way  that   the  former  projeCD 

j.>     between  the  two  laiter.      At  the  same  time  there  is  ancby- 

,  losed  with  the  superior  maxillary -process   the   small  ex- 

^  >.>    teraal  nasal  process  ^k),  a  prolongation  of  the  talcnl 

part  of  the  skull,  and  lying  above  the  superior  maxilliiy 

process.    Between  the  latter  and  the  outer  nasal  piocD) 

IS  a  slit  leading  to  the  eye  {a).     Thus  (he  mondi  'a  a> 

oFT  from  (he  nasal  apertures  which   lie  above  it.     Bm  the 

separation   is    continued    also  within   (he   mooth;    the 

_.     .  superior  maxillary  process  produces  the   upper  jaw,  tht 

Hg-S'g-  nasal  proOBSS,  and  the  intermaxillary  process  (GaUkt)- 

Head  of  embryo  rabbit  of  10  days   the  latter  is  present  in  mm,  but  is  united  10  the  npfier 

(X    n).      o,  eye;     0/,  alrium    or   jaw.     The  intermaxillary  bone,  which  in  many  animih 

primitive  auricle  of  heart;  i,  aortic   remains  as  a  sepj  rate  bone  (os  incisivum).  carries  ihe 

bulb ;  K',  K",  K'",  first  (mandi-   incisor  teeth  (fig.  %ii.  A).     At  (he  9th  week   the  harij 

bular),  second  (hyoid).  third  (isl   palate  is  closed,  and  on  it  rests  the  septum  of  the  ww. 

branchial)  visceral  arch  ;  m,  mouth;   descending  vertically  from  the  frontal  process.     The  lower 

J,  superior,  and  a,  inferior  maxillary   jaw  is  formed  from  the  inferior  maxillary  process,     hx 

process ;    j,  mid-brain ;    v,  part  of  the  circumference  of  Ihe  oral  aperture  the  lips  and  the 

head  and  fore-brain  ;  v,  ventricle  of   alveolar  walls  are  formed.     The  tongue  (fig.  S»,  -A  t] 

heart  is  formed  behind  the  point  of  the  union  of  the  seceod 
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and  third  braocbial  aiches  (//»)  while,  accoidiog  to  Bom,  it  is  formed  by  an  iDlmnediate 
partbclwccD  the  inferior  maxillary  processes. 

Arrested  Facial  Development.— These  transfbrmationi  maybe  ialerropted.  (l)  If  the 
rronlal  process  remains  separate  froio  the  SDpeiior  maxillary  procesiei,  then  the  moalh  is  not 
separited  from  the  nose.  This  separation  may  occur  ooly  in  the  soft  partt,  constitntiiu;  hare-lip 
(lig.  Szo) ;  or  ii  mty  involve  the  hard  palate,  coostilaling  cleft  palate.  The  bate-Tip  or  den 
palate  may  occur  on  both  sides.  In  cleft  palue  the  fissure  usually  occors  Ix^ween  the  incisor 
teeih.     In  cases  of  cleft  palate  there  are  often  snpeTDDmeruy  iacimr  teeth. 


Fig.  820.  Fig.  821. 

Fig.  Szo. — Harelip  on  the  left  tide.  Fk.  Sai. — Inner  view  of  the  lower  jaw  of  an  embryo  pig 
3  inches  long  (x  3}i).  •"i,  Meckd^g  cartilage;  J,  dentary  bone;  er,  coronoid  proccis;  ar, 
articular  process  (condyle) ;  af  ,  angnlar  proces* ;  ml.taMtat;  ni,  manubrium. 

(2)  When  there  is  non-nnion  between  the  inner  and  outer  nasal  process  on  theone  sideand 
the  superior  maxillary  process  of  the  other  there  is  an  oblique  facial  cleft— oro-orbiial  clefl — 
(fig.  822.  D). 

(3)  The  oral  cleft  (Maktostomia)  may  be  enormously  la^e  laterally  and  may  almost  reach 
the  ear  (fig.  822,  B,  m). 

(4)  Extremely  seldom  is  there  a  fistula  of  the  upper  lip. 

From  the  poaterior  part  of  Ibe  fint  branchial  arch  are  formed  the  malleus  (ossified  at  the  4tb 
month),  and  Meckel's  cartilage  (tig.  S21),  which  proceeds  from  the  latter  behind  the  tympanic 


Fig.  822. 
Scheme  of  formation  of  the  face  and  arrest  of  its  development.  A,  First  appearance  of  the 
face ;  I,  II,  III,  IV,  the  four  visceral  arches ;  /.  frontal  process ;  I,  inner,  and  2,  outer 
nasal  processes;  3,  superior  maxillary  process;  h,  inferior  maxillary  process;  i,  e,  first  and 
second  visceral  clefts  ;  a.  eye  ;  «,  tongue.  B,  Normal  nnion  of  the  embryonic  parts  ;  Z, 
inlermaxillary  bone;  K',  nasal  orifice;  0,  nasal  tear  duct;  U,  lower  jaw  [m,  abnormal 
dilation  of  the  mouth,  constituting  makrostomia].  C,  Arrest  of  the  development,  constitu- 
ting oro.nasal  clefl.     D,  Arrest  of  development  showing  an  ■■  oblique  facial  clef)  "  (Q). 

ring  as  a  long  cartilaginous  process,  extending  along  the  loner  side  of  tbe  lower  jaw,  almost  to 
its  middle.  It  disappears  after  the  6t!j  month ;  alill  its  posterior  part  foimi  the  iolemal  lateral 
l^ament  of  the  maiillBiy  aiticulatioo.  Near  where  it  leaves  the  malleus  is  the  processus  Folii 
(BaumHller).  A  part  of  its  median  end  ossifies,  and  unites  with  the  lower  jaw.  Tbe  lower  jaw 
is  laid  down  in  membrane  from  the  Rrsl  branchial  arch,  while  the  angle  and  cot;dyle  are  formed 
from  a  cartilaginous  process.  The  union  of  both  bones  to  form  the  chin  occurs  at  the  first  year. 
From  the  superior  maxillary  process  are  formed  the  inner  lamella  of  the  pterygoid  process,  the 
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palatine  process  of  the  upper  jaw,  and  the  palatine  bone  at  the  end  of  the  2d  month,  and  lastlj 
the  malar  bone. 

The  second  arch  [^AyotJ],  arising  from  the  temporal  bone,  and  running  parallel  with  the 
first  arch,  gives  rise  to  the  stapes  (although,  according  to  Salensky,  this  is  derived  from  the  first 
arch),  the  eminentia  p3rramidalis,  with  the  stapedius  muscle,  the  incus,  the  styloid  process  of  the 
temporal  bone,  the  (formerly  cartilaginous)  stylo-hyoid  ligament,  the  smaller  comu  of  the  bjoid 
bone,  and  lastly  the  glosso-palatine  arch  (//is). 

The  third  arch  {thyro-hyoid)  forms  tne  greater  comu  and  body  of  the  hyoid  bone  and  the 
pharyngo-palatine  arch  {I/is). 

The  fourth  arch  gives  rise  to  the  thyroid  cartilage  {//is). 

Branchial  Clefts. — The  first  branchial  or  visceral  cleft  is  represented  by  the  external  audi- 
tory meatus,  the  tympanic  cavity,  and  the  Eustachian  tube ;  all  the  other  clefts  dose.  Should 
one  or  other  of  the  clefts  remain  open,  a  condition  that  is  sometimes  hereditary  in  some  famihes, 
a  cervical  fistula  results,  and  it  may  be  formed  either  from  without  or  within.  Sometime 
only  a  blind  diverticulum  remains.  Branchiogenic  tumors  and  cysts  depend  jxpcai  the  braiuJiial 
arches  (/i.  Volkmann). 

[Relation  of  Branchial  Clefts  to  Nerves. — It  is  important  to  note  that  the  clefts  in  front 
of  the  mouth  (pre-oral),  and  those  behind  it  (post-oral),  have  a  relation  to  certain  nerves. 
The  lachrymal  slit  between  the  frontal  and  nasal  processes  is  supplied  by  the  first  division  tf 
the  trigeminus.  The  nasal  slit  between  the  superior  maxillary  process  and  the  nasal  process  is 
supplied  by  the  bifurcation  of  the  third  nerve.  The  oral  cleft^  between  the  superior  maxillary 
processes  and  the  mandibular  arch,  is  supplied  by  the  second  and  third  divisions  of  tJu  trige- 
minus. The  first  post-oral  or  tymptanic-Eustachian  cleft,  between  the  mandibular  arch  ^ist) 
and  the  hyoid  arch,  is  supplied  by  the  portio^ura.  The  next  cleft  is  supplied  by  the  glossy 
pharyngeal^  and  the  succeeding  clefts  by  branches  of  the  vagus.'\ 

The  thymus  and  thyroid  glands  are  formed  as  paired  diverticula  from  the  epithelium  cov- 
ering the  branchial  arches.  The  epithelium  of  the  last  two  clefts  does  not  disai>pear  (pig),  but 
proliferates  and  pushes  inwards  cylindrical  processes,  which  develop  into  two  epithelial  vcsades, 
the  paired  commencement  of  the  thyroid  glands.  These  vesicles  have  at  first  a  central  slit, 
which  communicates  with  the  pharynx  ( WolJUr).  According  to  His,  the  thyroid  gland  appears 
as  an  epithelial  vesicle  in  the  region  of  the  2d  pair  of  visceral  arches  in  front  of  the  tongue— 
in  man  at  the  4th  w^ek.  Solid  buds,  which  ultimately  become  hollow,  are  given  off  from  the 
cavity  in  the  centre  of  the  embryonic  thyroid  gland.  The  two  glands  ultimately  unite  together. 
The  only  epithelial  part  of  the  thymus^  which  remains  is  the  so-called  concentric  corpusdes 
(p.  178).  According  to  Bora,  this  gland  is  a  diverticulum  from  the  3d  cleft,  while  His  ascribes 
its  origin  to  the  4th  and  5th  aortic  arches  in  man  at  the  4th  week.  The  carotid  gland  b  of 
epithelial  origin,  being  a  variety  of  the  thyroid  (Stieda). 

The  Extremities. — The  origin  and  course  of  the  nerves  of  the  brachial  plexus  ({  355)  diow 
that  the  upper  extremity  was  originally  placed  much  nearer  to  the  cranium,  while  tfa«  po^ioQ 
of  the  posterior  extremity  corresponds  to  the  last  lumbar  and  the  3d  or  4th  sacral  veretebcx 

The  clavicle,  according  to  Bruch,  is  not  a  membrane  bone,  but  is  formed  in  cartilage  like 
the  furculum  of  birds  {Gegenbaur).  At  the  2d  month  it  is  four  times  as  large  as  the  upper 
limb ;  it  is  the  first  bone  to  ossify  at  the  7th  week.  At  puberty  a  sternal  epiphysb  is  formed. 
Epistemal  bones  must  be  referred  to  the  clavicles  {Gotte).  Ruge  regards  pieces  of  cartilages 
existing  between  the  clavicle  and  the  sternum  as  the  analogues  of  the  episternnm  of  mmim^I*- 
The  clavicle  is  absent  in  many  mammals  (carnivore) ;  it  is  very  large  in  flying  animals,  and  is 
the  rabbit  is  half  membranous.    The  furculum  of  birds  represents  the  united  clavicles. 

The  scapula  at  first  is  united  with  the  clavicle  {Rathke^  Gotte),  and  at  the  end  of  the  2d 
month  it  has  a  median  centre  of  ossification,  which  rapidly  extends.  Morphologically,  the 
accessory  centre  in  the  coracoid  process  is  interesting ;  the  latter  also  forms  the  upper  part  of 
the  articular  surface.  In  birds  the  corresponding  structure  forms  the  coracoid  bone,  and  is 
united  with  the  sternum ;  while  in  man  only  a  membranous  band  stretches  fit>m  the  tip  of  the 
coracoid  process  to  the  sternum.  The  long,  basal,  osseous  strip 'correspKmds  to  the  smprs- 
scapular  bone  of  many  animals.  The  other  centres  of  ossification  are — one  in  the  lower  a^e, 
two  or  three  in  the  acromion,  one  in  the  articular  surface,  and  an  inconstant  one  in  the  spizte. 
Complete  consolidation  occurs  at  puberty. 

The  humerus  ossifies  at  the  8th  to  the  9th  week  in  its  shaft.  The  other  centres  are— one  ta 
the  upper  epiphysis,  and  one  in  the  capitellum  (1st  year);  one  in  the  great  tuberosity  and  00^ 
in  the  small  tuberosity  (2d  year)  ;  two  in  the  condyles  (5th  to  loth  year) ;  one  in  the  trochka 
(i2th  year).     The  epiphyses  unite  with  the  shaft  at  the  l6th  to  20th  year. 

The  radius  ossifies  in  the  shaft  at  the  3d  month.  The  other  centres  are — one  in  the  lover 
epiphysis  (5th  year),  one  in  the  upper  (6th  year),  and  an  inconstant  one  in  the  tuberosity,  aod 
one  in  the  styloid  process.    They  unite  at  puberty. 

The  ulna  also  ossifies  in  the  shaft  at  the  3d  month.     There  is  a  centre  in  the  lower  end 
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(6th  fear),  (wo  \a  the  olecranon  (nth  lo  ■4lh  year),  and  an  inconMan 
process,  and  one  in  xhe  styloid  procesi.    They  consolidate  at  puberty. 

The  carpus  is  amngod  ia  mammals  in  two  rowi.  The  tiral  row  contains  three  bones — the 
radial,  intermediate,  and  ulnar  boaea.  In  man  these  are  reprewnled  by  the  scaphoid,  semi- 
lunar, and  cuneiform  bones;  the  pisiform  is  only  a  sesamoid  booe  in  the  tendon  of  the 
flexor  carpi  ulnaris.  The  second  row  really  consists  of  as  many  bones  as  there  are  digits  (t.g., 
salamander).  In  man  the  comnmi)  position  of  the  4th  and  5th  fingers  is  represented  by  (he 
ancifbrm  bone.  Morphologically,  it  is  interesting  to  observe  that  an  oB  ccntralc,  corresponding 
to  the  OS  carpale  centrale  of  reptiles,  amphibians,  and  some  mammals,  is  famied  at  nrst,  but 
disappears  at  the  3d  month,  or  unites  with  the  scaphoid.  Only  in  very  rare  cases  is  it 
persistent.  All  the  caipal  bones  are  caitilaglnoDS  at  birth.  They  ossify  as  follows:  Os  mag- 
nnm,  unciform  (1st  year),  cuneiform  (3d  year),  trapezium,  semilunar  (5lh  year),  scaphoid  (6th 
year),  trapezoid  [7tli  year),  and  piBiform  (izlh  year). 

The  metacarpal  bones  have  a  centre  in  their  diaphyses  at  the  end  of  the  3d  month,  and  to 
have  the  phalanges.  All  the  phalanges  and  the  first  bone  of  the  thumb  hive  their  cartilaginous 
epiphyses  at  the  central  end,  and  the  other  metacarpal  bones  at  the  peripheral  end,  so  that  the 
first  bone  is  to  be  regarded  as  a  phalanx.  The  epiphyses  of  (he  metacarpal  bones  ossify  at  the 
zd,  and  (hose  of  the  phalanges  at  the  3d  year.    They  consolidate  at  puberty. 

The  innominate  bone,  when  cartilaginous,  consists  of  Iv 
(//Dsmierg).  Ossiiicstion  begins  with  three  centres — one  i 
in  the  descending  ramus  of  (he  ischium 
(4th  to  sth  month),  one  in  the  horizontal 
ramus  of  the  pubis  (5th'to  Jih  month). 
Baween  the  6lh  to  the  14th  year,  three 
centres  are  formed  where  the  bodies  of  the 
three  bones  meet  in  the  acetabalam, 
another  in  the  supcrfldes  auricuUris,  and 
one  in  the  symphysis.  Other  accessor? 
centres  are :  One  in  the  anterior  inferior 
spine,  the  crests  of  the  ilium,  (he  tuberosity 
and  the  spine  of  the  ischium,  the  tubercu' 
ium  pubis,  eminentia  ilio-pedinea,  and  floor 
of  the  acetabulum.  At  first  the  descend' 
lug  ramus  of  the  pubis  and  the  ascend- 
ing ramus  of  the  ischium  unite  at  (be  7th  to 
Sth  year ;  the  Yihaped  suture  in  the  ace- 
tsbidum  remains  until  puberty  (fig,  823). 

The  femur  has  its  middle  centre  at  the  / 
end  of  (he  3d  month.  At  birth,  there  is  a  ' 
centre  in  (he  lower  epiphysis;  slightly  later 
in  the  head.  In  addition,  there  is  one  in 
the  great  trochanter  (3d  (0  11  lb  year),  one 
in  the  lesser  trochanter  (13th  to  14th  year), 
two  in  the  condyles  (4tb  to  Sth  year) ;  all 
unite  about  the  time  of  puberty.  The  pa- 
tella is  a  sesamoid  bone  in  the  tendon  of 
the  quadriceps  femoris.  It  is  cartilaginous 
at  the  2d  month,  and  ossifies  from  the  ist 
to  the  3d  year. 

The  tarsus  generally  resembles  Ihi 
pus.  Theoi  calcisossifies  at  the  begit 
of  the  7th  month,  the  astragalus  at  the  liegii 


Fig.  8jj. 

Centres  of  ossification  of  the 


„  ning  of  (he  Sth  month,  (he  cuboid  at  the  end  of 
the  toth  mooth.  the  scaphoid  (isi  (o  Hh  year),  the  I  and  II  cuneiform  (3d  year),  and  the 
III  cutieifonn  (4th  year).  An  accessory  centre  is  formed  in  the  heel  of  the  calcaneum  at  (he 
5th  to  lOlh  year,  which  consolidates  at  puberty. 

The  metatarsal  bones  are  formed  like  the  metacarpals,  only  later. 

[Histogenesis  of  Bone. — The  great  majority  of  our  bones  are  laid  down  in  cartilage,  or  are 
preceded  by  a  cartilaginous  stage,  including  the  bones  of  the  limbs,  backbone,  base  of  the  skull, 
Blernum,  and  ribs.  These  consist  of  solid  masses  of  hyaline  cartilage,  covered  by  a  membrane, 
which  is  identical  with  and  ultimately  becomes  the  periosteum.  The  formation  of  bone,  when 
preceded  by  cartilage,  is  called  endochondral  bone.  Some  bones,  such  as  the  tabular  bones 
of  the  vault  of  the  cranium,  the  facial  bones,  and  part  of  the  lower  jaw,  ate  not  preceded  by  car- 
tilage. In  (he  latter  there  is  merely  a  membrane  present,  while  from  and  in  it  the  future  bone  is 
formed.  It  becomes  the  future  periosteum  as  well.  This  is  called  the  inira-membranous  or 
periosteal  mode  of  formation.] 
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(Endocbondral  Fonnatloti  of  Bone.— ^i)  Tbe  cartilage  hu  tb«  dwpe  oT  tbe  fittore  bone 
y  in  miniatDte,  and  it  is  covered  with  pcrioiteum.  Id  the  cartilage  an  opaque  spot  or  centre 
of  ossification  appears,  due  to  the  deposition  of  lime-salts  in  its  nuUrin,  The  conili^  ctUs  pro- 
liferate in  this  area,  but  the  first  bone  is  fortned  under  the  penosteum  in  the  shafi,  so  that  an  os- 
seous case  like  a  muff  suiroDnds  the  cartilage.  Thia  bone  is  formed  bf  the  sab-penosteal  osteo- 
blaats.  (z)  Blood-vessels,  occonipiuiied  by  osteoblasts  and  conitective-lisaae,  grow  into  the 
cartilage  from  the  osteogenic  layer  of  the  perioatenm  {ftriasdal  practati  of  Virehow),  so  that 
the  cartilage  becomes  channelled  and  vatcular.  As  these  diannels  eitend  they  open  into  the 
already  eolaiged  caitilage  lacutue,  absoiplion  of  the  matrix  uking  place,  while  otber  panscf  llw 
cartilaginous  matrix  become  calcified.  Thus  a  series  of  cavities,  bounded  by  calcified  c*itiia|e 
— the  primary  medullary  cavldea — are  formed.  They  contain  the  primary  or  cartUagw  lur- 
r<rw,  consisting  of  blood- veneli,  osteoblasts,  and  orteoclasts,  carried  in  bam  the  cateogouc 
layer  of  the  periosteum,  and  of  course  tbe  cartilage  cells  that  have  been  liberated  from  tbcir  laea- 
nx.  (3)  The  osteoblasts  ate  now  in  tbe  interior  of  the  cartilage,  where  they  dispose  themadTet 
on  tbe  calcified  cartilage,  and  secrete  or  form  around  then)  an  osseous  niatrii,  thus  «nclowig  tbe 


Fig.  824.  Fig.  815- 

Fig.  824. — I.  Tibia  of  a  dog.  A  silver  plate  (1/)  was  inserted  under  the  periosteum,  and  m  iIk 
dog  being  killed  after  some  weeks  it  was  found  embedded  in  the  bony  ^(t  at  d  D.  Ill 
shows  a  similar  bone,  where  two  plates  of  silver  were  placed  under  the  periosteom  at  diRei- 
ent  times,  and  after  several  weeks  tbe  one,  d,  was  found  deeper  in  the  bone  than  the  clfaD'. 
Fig.  8 35. — Ivory  p^s  (l  and  3)  inserted  into  the  shaft  of  a  growing  tibia  of  a  dog.  TlK 
pegs  arestill  the  same  distance  apart  in  the  adult  tibia  (r),  while  the  pegs  I,  4,  inauted  ia 
the  epiphysis  are  widely  separated  in  B  and  C  from  2  and  3. 

calcified  cartilage,  while  the  osteoblasts  themselves  become  embedded  in  the  prodnct*  of  tber 
own  activity  and  remain  as  bone'CorpuscleB.  Bone  therefore  is  at  first  spoogy  bone,  and  a 
the  primary  medullary  space*  gradually  become  tilled  q^  by  new  osseous  matter  U  becomes densa, 
while  the  calcified  cartilage  is  gradually  absorbed.  It  la  to  be  remembered  Oat,  pari  fiaau  «dli 
the  deposition  of  the  new  bone,  bone  and  cartil^e  are  being  id>sorbed  by  the  osteoclasts  (fif. 

Chemicsl  CompoBition  of  Bone. — Dry  Bone  contains  1^  of  orgaiuc  matter  or  OMem, 
from  which  gelatin  can  be  extracted  by  prolonged  boiling;  and  about  ^  minerBl  matlci,  wbidi 
consists  of  neutral  calcic  phosphate,  57  per  cent. ;  oidc  carbonate,  7  per  cenL ;  magnesic  phos- 
phate, I  to  2  per  cent. ;  calcic  fluoride,  I  per  cent.,  with  traces  of  chlixioe  1  and  water  aboirt  ij 
pet  cent.  The  marrow  contains  fluid  fat,  albumin,  hypoianthin,  choteslcrin,  and  eitiactins. 
The  rn/ marrow  contains  more  iron,  corresponding  to  its  larger  proportion  of  biemoglobin  [A'asse). 

[The  medullary  cavity  of  a  long  bone  is  occupied  by  yillmv  marrow,  which  contains  ahon 
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96  per  cent,  of  fat  The  red  marrow  occurs  in  the  ends  of  long  bones,  in  the  flat  bones  of  the 
skull,  and  in  some  short  bones.  It  contains  very  little  fat,  and  is  really  lymphoid  in  its  charac- 
ters, being,  in  fact,  a  blood-forming  tissue  ({  7,  C).] 

Growth  of  Bones. — Long  bones  grow  in  thickness  by  tl^e  deposition  of  new  bone  from  the 
periosteum,  the  osteoblasts  becoming  embedded  in  the  osseous  matrix  to  form  the  bone-corpuscles. 
This  is  proved  by  inserting  a  silver  plate  under  the  periosteum ;  after  a  time  bone  is  formed 
between  the  plate  and  the  periosteum,  and  so  the  plate  comes  to  lie  in  the  shaft  of  the  bone  (6g. 
824,  d).  Some  of  the  fibres  of  the  connective  tissue,  which  are  caught  up,  as  it  were,  in  the 
process,  remain  as  Sharpey's  fibres,  which  are  calcified  fibres  of  white  fibrous  tissue,  bolting 
together  the  peripheric  lainellse.  [Mttller  and  Schftfer  have  shown  that  there  also  fibres,  in  the 
peripheric  lamellae,  comparable  to  yellow  elastic  fibres ;  they  branch,  stain  deeply  with  magenta, 
and  are  best  developed  in  the  bones  of  birds.] 

[At  the  same  time  that  bone  is  being  deposited  on  the  surface,  it  is  being  absorbed  in  the  mar. 
row  cavity  by  the  action  of  the  osteoclasts,  so  that  a  metallic  ring  placed  round  a  bone  in  a 
young  animal  ultimately  comes  to  lie  in  the  medullary  cavity  (Duhamel),  The  growth  in 
length  takes  place  by  the  continual  growth  and  ossification  of  the  epiphysial  cartilage.  The 
cartilage  is  gradually  absorbed  from  below,  but  it  proliferates  at  the  same  time,  so  that  what  is 
lost  in  one  direction  is  more  than  made  up  in  the  othtfr  (J,  Hunter). 

[The  growth  in  length  is  shown  by  placing  ivory  pegs  into  a  growing  bone  at  a  measured  dis- 
tance apart  from  each  other,  say  i  and  4  in  the  epiphysis  and  2  and  3  in  the  shaft  (6g.  825). 
The  animals  are  allowed  to  live  for  some  months,  and  then  killed,  when  it  is  found  that  the  dis- 
tance between  the  pegs  in  the  shaft  is  unchanged  (fig.  825,  B  and  C),  while  the  distance  between 
the  pegs  in  the  epiphysis  and  those  in  the  shaft  is  greatly  increased,  showing  that  the  bone  has 
grown  in  length  by  something  intervening  between  the  shaft  and  epiphysis.  This  is  the  epi- 
physial cartilage.] 

When  the  growth  of  bone  is  at  an  end,  the  epiphysis  becomes  united  to  the  diaphysis,  the 
epiphysial  cartilafi^e  itself  becoming  ossified.  It  is  not  definitely  proved  whether  there  is  an 
interstitial  expansion  or  growth  of  the  true  osseous  substance  itself,  as  maintained  by  Wolff 

(8244,9)- 

[Howship's  Lacunse. — The  osteoclasts  or  myeloplaxes  are  large  mulUnuclear  giant-cells, 

which  erode  bone.    They  can  be  seen  in  great  numbers  lying  in  small  depressions  corresponding 

to  them — Howship's  lacunae — on  the  fang  of  a  temporary  tooth,  when  it  is  being  absorbed. 

They  are  readily  seen  in  a  microscopical  section  of  spongy  bones  with  the  soft  parts  preserved.] 

The  form  of  a  bone  is  influenced  by  external  conditions.    The  bones  are  stronger  the  greater 

the  activity  of  the  muscles  acting  on  them.   If  pressure  acting  normally  upon  a  bone  be  removed, 

the  bone  develops  in  the  direction  of  least  resistance,  and  becomes  thicker  in  that  direction. 

Bone  develops  more  slowly  on  the  side  of  the  greatest  external  pressure,  and  it  is  curved  by 

unilateral  pressure  (Lesshaft), 

448.  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM.— Heart.— [The  heart 
appears  as  a  solid  mass  of  cells  in  the  splanchnopleure,  at  the  front  end  of  the  embryo,  immedi- 
ately under  the  " fore-gut."  Very  soon  a  cavity  appears  in  this  mass  of  cells;  some  of  the 
latter  float  free  in  the  fluid,  while  the  cellular  wall  begins  to  pulsate  rhythmically.  This  hollow 
cellular  structure  elongates  into  a  tube,  which  very  soon  assume  a  shape  somewhat  like  an  S 
(fig.  826,  i)]  and  there  are  indications  of  its  being  subdived  into  (a)  an  upper  aortic  part  with 
the  bulbus  arteriosus ;  {b)  a  middle  or  ventriciUar  part ;  and  (z/),  a  lower  venous  or  auric- 
ular part.  The  heart  then  curves  on  itself  in  the  form  of  a  horse-shoe  (2),  so  that  the  venous 
end  (A)  comes  to  lie  above  and  slightly  behind  the  arterial  end.  On  the  right  and  left  side, 
respectively,  of  the  venous  part  is  a  blind  hollow  outgrowth,  which  forms  the  large  auricle  on 
each  side  (3  <?,  o^.  The  flexure  of  the  body  of  the  heart  corresponding^ to  the  great  curvature 
(2,  K),  is  divided  into  two  large  compartments  (3),  the  division  being  indicated  by  a  slight  de- 
pression on  the  surface.  The  large  truncus  venosus  (4,  v),  which  joins  with  the  middle  of  the 
posterior  wall  of  the  auricular  part,  is  composed  of  the  superior  and  inferior  venae  cavae.  This 
con^mon  trunk  is  absorbed  at  a  later  period  into  the  enlarging  auricle,  and  thus  arise  the  separate 
terminations  of  the  superior  and  inferior  venae  cavae.  In  man,  the  heart  soon  comes  to  lie  in  a 
special  cavity,  which  in  part  is  bounded  by  a  portion  of  the  diaphragm  {His).  At  the  4th  to  5th 
week,  the  heart  begins  to  be  divided  into  a  right  and  a  left  half.  Corresponding  to  the  position 
of  the  vertical  ventricular  furrow,  a  septum  grows  upwards  vertically  in  the  anterior  of  the  heart, 
and  divides  the  ventricular  part  into  a  right  and  left  ventricle  (5,  i?,  Z).  There  is  a  constriction 
in  the  heart,  between  the  auricular  and  ventricular  portions,  forming  the  canalis  auricularis. 
It  contains  a  communication  between  the  auricle  and  both  ventricles,  lying  between  an  anterior 
and  posterior  projecting  lip  of  endothelium,  from  which  the  auriculo-ventricular  valves  are 
formed  (F.  Schmidt),  The  ventricular  septum  grows  upwards  towards  the  canalis  auricularis, 
and  is  complete  at  the  8th  week.  Thus,  the  large  undivided  auricle  communicates  with  the 
corresponding  ventricle  by  a  right  and  left  auriculo-ventricular  opening  (5).  At  the  same  time 
two  septa  (4,/ a)  appear  in  the  interior  of  the  truncus  arteriosus  (4,/),  which  ultimately 
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mttt,  and  thus  divide  this  tnbe  inlo  two  tubes  (5,  afi),  the  latter  fonmns  the  aorta  and  palmo- 
Diry  sTtery,  and  are  disposed  towards  each  other  like  the  tabei  id  ■  double-barrelled  gan.  The 
septum  grows  downwards  uotll  it  meets  the  vemricular  septum  (5),  so  that  the  right  Tenliicle 
comes  to  be  connected  with  the  pulmonary  arterr,  and  the  left  with  (he  aoita.  The  ditkaoa  at 
the  truDCus  arteriosus,  however,  takes  place  only  in  the  first  part  of  its  course.  The  divinaD 
does  not  lake  place  above,  so  that  the  pulmonary  artery  and  aorta  umte  in  one  conunoa  traak 
above.  This  comraunicalioo  between  the  pulmonarj  artery  and  the  aorta  is  Ibe  ductus 
arteriosus  BoUlli  (7,  B). 

In  (he  auricle  a  septum  grows  from  the  front  and  behind,  endii^  internally  irith  a  coocnc 
margin.    The  vena  cava  superior  (6,  Ci)  terminates  to  the  right  0/  this  fold,  i~  '*""'  '~-  ■"'" " 


Fig.  S26. 

Development  of  the  heart.    I,  Early  appearance  of  the  heart — a,  aortic  part,  with  the  bnlbos.^; 

V,  venous  end.     z.  Horse-shoe   shaped   curving  of  the  heart — a,  aortic  end,  with  tbe 

bulbus,  i;   y,  ventricle;  A,  auricolar  part,     3,  formation  of  the  auricular  appendages. 

0,  K,,  and  the  external  furrov  in  the  ventricle.    4,  Commencing  division   of  the  aoita, 

f,  into  two  tubes,  a.     5,  View  from  behind  of  the  opened  auricle,  v,  v,  into  the  L,  and 

1?,  venlricles,  and  between  the  two  litter  the  projecting  venlricalar  septum,  while  the  arOfta 

(a)  and  pulmonary  artery  [p]  open  into  their  respective  ventricles.     6,  Relalkm  of  the 

orifices  of  the  superior  {Cs)  and  inferior  vena  cava  {Ci)  to  the  auricle  (schematic  view  fnm 

above) — x,  direction  of  ihe  blood  of  the  superior  vena  cava  into  the  right  aaride ;  7,  that 

of  the  inferior  cava  to  the  left  auricle;  IL,  tubercle  of  Lower.   7,  Heart  of  the  ripe  fiMDs — 

jf ,  right,  L,  left  ventricle ;  a,  aorta,  with  the  innominate,  c,  c,  carotid,  e,  and  left  sabclatiu 

artery,ii  .^,  ductus  arteriosus ;/,  pulmonary  artery,  with  the  small  branches  /  and  1.  id 

the  lungs. 

valve  of  the  foramen  ovale  is  formed  hy  a  fold  growing  towards  the  auricular  fold,  so  IbM  tbe 

blood-current  from  the  inferior  vena  cava  goes  only  to  the  /e/l,  in  the  directioo  of  the  arrow,/; 

on  the  right  of  the  orifice  of  the  cava,  and  opposite  the  fold,  is  the  EuBtachian  valve,  which, 

in  conjunction  with  the  tubercle  of  Lower  (/i-),  directs  the  stream  from  Ihe  inferior  vena  cava  ID 

the  left  into  the  lefl  auricle,  through  the  pervious  foramen  ovale.     Compare  the  foetal  dctiUs- 

tion  (I  445).     After  birth,  Ihe  valve  of  the  foramen  ovale  doses  that  aperture:,  while  the 

ductus  arteriosus  also  becomes  impervious,  so  that  the  blood  of  the  pulmonary  artery  is  SarttA  K> 

go  through  the  pulmonary  branches  proceeding  to  the  expanding  lungs.     Sometimes  the  bwama 

ovale  remains  pervious,  giving  rise  10  serious  symploms  alter  a  tune,  and  constituting  morbnt 

ceruleus. 

Arteries. — With  the  formation  of  the  branchial  arches  and  clefts,  the  numba-  of  aortic  ardis 
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on  each  side  becomei  iocreoMd  rrom  l  to  5  (fig.  S17),  which  niD  ibove  and  below-each  brsDChial 
cipfl  in  ■  braochul  trch,  and  then  all  reunite  behind  in  a  common  deicendiiig  baak  (a,  mf) 
(/fa/Ail).  These  blood-vessels  remain  only  in  aalmals  that  breube  hj  gills  (6g.  146).  In  man, 
the  upper  two  arches  disappear  completelj  (3).     When  the  tnincus  arteriotui  divides  into  the 

4. 


F«.  817. 
The  aonic  arches,  i.  The  fiist  position  o(  the  t,  2,  and  3  arches.  2,  5  aortic  arches ;  /a,  com- 
mon aoitic  trunk  ;  (»/,  descending  aailL  3.  Disappeanince  of  the  upper  two  arches  on  each 
aide — 5,  tabclavian  artery;  ti,  vertebral  artery;  ax,txU]tzj  artery.  4.  Transition  to  the 
Anal  stage — P,  pulmonary  artery;  A,  aorta;  i/B,  ductus  arteriosus  (Be/aili);  S,  right  sub- 
clavian, united  with  the  right  common  carotid,  which  divides  into  the  internal  (CV)and 
eilernal  carotid  {Ce) ;  ax,  axillary;  v,  vertebral  artery, 

pulmoaary  artery  and  the  aona  (4,  P,  A),  the  lowest  arch  on  (he  left  side,  with  its  origin,  (arms 
the  polmooary  artery  (4],  and  it  springs  rrom  the  right  side  of  the  heart  Of  these  the  left 
lowest  arch  forms  the  ductua  arterioaus  {dB),  and  from  the  commencement  of  the  latter  pro- 
ceed (he  pulmonary  branches  of  the  pulmonary  artery.  Of  the  remaining  arches  wbich  are 
united  with  the  aorta,  the  left  middle  one  (i.  i.,  the  fourth  left)  fonni  the  permanent  aortic  arch 
into  which  the  ductus  arteriosus  opens,  while  the  right  one  (fourth)  fbnui  the  subclavian  artery; 
the  third  arch  forms  on  each  side  the  origin  of  the  carotids  (Ci,  Ce).  The  arteries  of  the  fint  and 
second  circalations  have  been  referred  to  already  (J  441}.  When  the  umbilical  ve^de,  with 
its  ptimtiy  circulation,  dinninishes,  only  eiu  omphalo-mcsenleric  artery  is  present,  which  gives  a 
branch  to  (he  iotettine.  At  a  later  period,  (he  omphalo- mesenteric  artenet  atrophy,  while  die 
artery  to  the  intestine — (he  superior 
ineMn(eric — becomes  the  laigest  of  all,  ■t 

it  being  originally  derived  froro  one  of 
the  omphalo- mesenteric  arteries. 

Veins  of  the  Body. — The  veins 
first  formed  in  the  body  of  the  em- 
bryo itself  are  the  two  cardinal 
veins;  on  each  side  an  anterior  [tig. 
828. 1,  «),  and  a  posterior  (tt),  which 
proceed  towards  the  heart  and  unite  on 
each  side  to  form  a  large  trunk,  the 
duct  of  Cuvier  [DC),  which  patsei 
into  Ibe  veaout  part  of  (he  heart  The 
an(erior  cardioai  veins  give  off  the  sub- 
clavian veins  [bi)  and  the  common 
jugalar  veins,  which  divide  into  the 
external  (le)  and  internal  ( //)  jugular 
veins.  In  addidon,  there  is  a  trans- 
itomeiin^    branch    passing 


trunk  lower  down.  In  Ibe  final  ar- 
rangement (II)  ibis  anastomosis  [As) 
becomes  very  large  to  form  the  left 
innominate  vein,  while  with  the 
growth  of  (he  arms  the  subclavian 
veins  increase  [ii) ;  and  lastly,  the 
calibre  of  the  jugular  vein  changes, 
the  internal  jugular  [Ji]  becoming  very 
laige,  and  the  external  jugular  [le) 
■miUler.    In  some  animals,  f.f.,  the  dog  and  rabbit,  the  largt 


Fig.  828. 

of  (he  veins  of  (he  embryo.     II, 
10  form  (he  final  atTongeinent- 

mbiyonic  siie  is  retained.    The 
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part  of  the  left  superior  cardinal  vein,  from  the  anastomosis  downmards  to  the  left  duct  <^ 
Cuvier,  disappears.  The  posterior  cardinal  veins  divide  in  the  pelvk  into  the  hypogasric 
(I,  A)  and  external  iliac  (/,/).  The  inferior  cava  at  first  is  very  small  (I,  17),  divides  at  the 
entrance  to  the  pelvis,  and  on  each  side  goes  into  the  point  of  division  of  the  cardinal  veiin. 
There  is  also  a  transverse  ascending  anastomosis  between  the  right  and  left  cardinal  veins.  For 
the  final  arrangement,  the  cava  inferior  (II,  Ci)  dilates,  and  with  it  the  hypogastric  and  exter- 
nal iliac  vein  on  each  side.  The  right  cardinal  vein  remains  very  small  (Vena  azjrgos,  Asj, 
and  also  the  lower  part  from  the  len  one  to  the  transverse  anastomosis.  The  latter  itself  also 
remains  very  small  (  Vena  hemiatygosy  Hz).  On  the  other  hand,  the  upper  part  above  the  anas- 
tomosis to  the  duct  of  Cuvier  disappears.  Lastly,  the  consmon  large  venous  trunk  is  so  absorbed 
into  the  wall  of  the  auricle  {V)  that  both  venae  cavae  have  each  a  separate  orifice  (p.  iioit. 
The  embryonic  condition  of  the  veins  persists  in  fishes  (fig.  146, 1). 

Veins  of  the  First  and  Second  Circulation,  and  Portal  System. — The  two  omphalo- 
mesenteric veins  {om,  om^)  open  into  the  posterior  or  venous  end  of  the  tubular  heart  (fig.  829, 
i//).  The  right  veip^  however,  disappears  very  soon.  As  soon  as  the  allantois  is  formed,  the 
two  umbilical  veins  join  the  truncus  venosus  (j,  <#,  <#,).  At  first  the  omphalo-mesenteric  veins 
are  larger  than  the  Umbilical  veins ;  at  a  later  period  this  is  reversed,  and  the  right  umbilical 
vein  disappears.  As  soon  as  veins  are  formed  within  the  body  proper  of  the  embryo,  the 
inferior  cava  also  opens  into  the  truncus  venosus  (2,  Ci).  Gradually  the  umbilical  vein  (2,  u^\ 
becomes  the  chief  trunk,  while  the  small  omphalo-mesenteric  (2,  omy)  carries  little  blood. 

Portal  System. — The  umbilical  and  omphalo-mesenteric  veins  pass  in  part  directly  under 
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Fig.  829. 
Development  of  the  veins  and  portal  system.     H^  heart ;  ^,  Z,  right  and  left  side  of  the  body ; 
offtt  right  omphalo-mesenteric  vein ;  om^^t  left ;  <«,  right  umbilical  vein ;  ir,  left ;  C/,  veoa 
cava  inferior ;  a,  venae  advehentes ;  r,  venae  revehentes ;  />,  intestine ;  m,  mesenteric  vein ; 
4,  /,  splenic  vein ;  2,  /,  liver. 

the  liver  to  reach  the  heart.  They  send  branches — carrying  arterial  blood — to  the  liver,  and  the 
latter  grows  round  these  vessels.  These  branches  are  the  vense  advehentes  (2  and  3,<7).  The 
blood  circulating  through  the  liver  from  the  venae  advehentes  is  returned  by  other  veins,  the 
venae  revehentes  (2  and  3,  r),  which  reunite  at  the  blunt  margin  of  the  liver  with  the  chief 
trunk  of  the  umbilical  vein.  The  umbilical  vein  (3,  .»|)  and  the  omphalo-mesenteric  vein  13, 
<>m|)  anastomose  in  the  liver.  When  the  intestine  develops  (3, />),  the  mesenteric  vein  (m^ 
opens  into  the  omphalo-mesenteric  vein,  and  the  splenic  vein  as  well  (4,  /),  when  the  spleen  is 
formed.  At  a  later  period,  when  the  omphalomesenteric  vein  (4,  om-^  disappears,  the  vein 
from  the  intestine  now  becomes  the  common  trunk  of  the  previously  united  vessels.  It  unites  is 
the  liver  with  the  umbilical  vein  to  form  the  trunk  of  the  vena  port«e.  When,  after  birth,  the 
umbilical  vein  disappears  (4,  Uy)y  the  mesenteric  alone  remains  as  the  portal  vein.  As  the 
ductus  venosus  is  obliterated,  the  portal  vein  must  send  its  blood  through  the  liver,  and  thus 
the  portal  circulation  is  completed. 

449.  FORMATION  OP  THE  INTESTINAL  CANAL.— The  primitive  intestine, 
or  gut,  consists  of  a  straight  tube  proceeding  from  the  head  to  the  tail.  The  vitelline  duct  is  to- 
serted  at  that  point,  which  at  a  later  period  corresponds  to  the  lower  part  of  the  ileum.  At  the 
4th  week  the  tube  makes  a  slight  bend  towards  the  umbilicus  (fig.  830, 1).  As  already  meotiooed, 
the  vitelline  duct  is  obliterated,  remaining  only  for  a  time  as  a  thread  attached  to  the  intestine, 
being  still  visible  at  the  3d  month.  Sometimes  it  remains  as  a  short  blind  tube  communicating 
with  the  intestine.  This  is  the  so-called  "  true  inteitinal  diverticulum  '* ;  occasionally  a  cord— 
the  obliterated  omphalo-mesenteric  vessels — passes  from  it  to  the  umbilicus.     In  very  rare  casek 
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ihe  duct  inayteiiuia  opeo  as  iac  ai  the  umbilicus,  forming  a  coDgeoital  fistula  of  the  ileum,  or  il 
may  give  rise  to  cystic  formBlions  {Af.  Roth).  Id  ■.  human  ftetus  at  the  41b  week.  His  distin- 
guished the  cavity  of  the  moulh,  pharynx,  oesiwhagus,  Btomach,  duodenum,  meienterial  intestine, 
aod  the  hiud-gut,  with  the  cloaca.  "Titt  intestine  then  forms  the^rrt  coil  |tig.  S30,  II)  by 
ing  on  itself  at  the  intestinal  umbilicus,  so  that  the  lower  part  of  the  intestine   lying   ne> 


the 


Fig.  830.  Fig.  831. 

Fig.  830. — Development  of  the  intestine,  v,  stomach ;  0,  insertion  of  the  vitelline  dact ;  I,  small 

Intestine;  f,  colon;  r,iectuin.     Fig.  S3 1 . — Formation  of  the   lungs.     A,   Diverticula  of 

the  lungs  as  double  sacs — i,  mesoblastlc   layer;    /,  hypoblastic   layer;    m,  stomach;  i, 

cesophagus.     B,  Further  branching  of  (he  lung* — I,  tr*«bea ;  6, 1,  bronchi ;  /,  projecting 

knee-like  bend  comes  to  lie  above,  while  tbe  upper  part  lies  below.  From  the  lower  part  of  this 
loop  there  proceed  the  coils  of  the  amall  intestine  (III,  I),  which  gradually  grow  longer.  Ftom 
the  upper  limb  of  the  loop,  which  also  elongates,  the  large  inleatine  is  formed ;  first  the  de- 
gcendingcolon,  then  by  elongation  the  tr  '  ..... 

Olands. — By  diverticula,  or 
The  cells  of  the  hypoblast  pro- 
liferate and  lake  part  in  the  pro- 
cess, as  they  form  the  secretory 
cells  of  the  glands,  while  the, 
mesoblastie  part  of  the  splnnch- 
DOpleore  forms  the  membranes 
of  the  glands,  giving  them  their 
shape.    The  diverticula  ate   as 

I.  The  aalivary  glanda, 
which  grow  out  from  the  onl 
cavity  li  (irsi  as  simple  solid 
bnds,  but  afterwards  become  hol- 
low and  branched.  [The  sali- 
vary glands  are  developed  from 
the  epiblasi  lining  the  moulh 
(stomod^um).] 

a.  The  lungs,  which  arise  as 
two  separate  hollow  buds  (fig. 
831,  A, /),  and  uhimately  have 
only  one  common  duct,  are  pro- 
trusions li-om  the  (esophagus. 
The  upper  part  of  the  united 
tracheal  tube  forms  the  larynx. 
The  epiglollis  and  the  thyroid 

cartilage  originate  from  the  part    Formation  of  the  omentum. 
which  forms  the  tongue  ((7iiiii^-        ment;  n,  great,      ' 
Ae/net).  Thetwohollow  spheres       terior,  and  i,  am 
grow  and  ramify  like  branched 
tubular  glands  with  hollow  pro- 


Fig.   832. 

and  II,  ^f ,  gastro-hepatic  llga- 
vature  of  the  stomach  ;  s,  pos- 
T  plate  of  the  omentum;  mc, 
mesocolon;  <-,  colon.  HI,  L,  liver;  /.small  intestine;  i, 
mesenleiy;  /.pancreas;  rf, duodenum;  r.rectum  ;  N,  great 


le  epithelium  of  the  Inxmchi  and  that  or  the  primitive  air-vesicles  {Slieda). 
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Th«  apleen  »n<i  suprarenal  capsules,  howeier,  are  not  developed  io  this  way.  The  SanoB 
arises  m  a  fold  of  ihe  mesogastrium  at  the  2d  monlh  [^ii) ;  ihe  latter  are  arigioalf/  lai^er  ikia 
the  kidneys. 

3.  The  pancreaa  arises  in  thesame  way  ai  the  laUvarT  glasda,  but  is  not  Tiofale  at  tbe  41I1 
weekOVii). 

4.  The  liver  begini  very  early,  and  appean  as  a  diTeKicDium,  with  two  hollov  primitivt 
hepatic  ducts,  which  branch  and  form  bile-docti.  At  their  periphery  they  penetiate  belwnn 
the  solid  masses  of  cells — the  liver-cells — which  are  derived  from  the  hypolriasi.  At  the  id 
month  tbe  liver  is  a  lai^e  organ,  and  secretes  at  the  3d  mooth  I'J  iSa). 

J.  In  hirds  two  smalt  blind  sacs  are  formed  from  the  hind-gut, 
e.  The  fcetal  respiratory  organ,  the  allMltoiB,  is  treated  of  specially  ({  444}' 
Peritoneum  and  Mesenterjt, — The  inner  surface  of  the  calom,  or  body  caTJty,  the  nirhce 
of  the  btesline,  and  its  mesentery  are  covoed  by  a  serous  coal — the  peritoaeum.  At  fiiS  tbe 
simple  intestine  is  cootained  in  a  fold,  or  duplicatorc  of  the  peritoneum  ;  on  the  Homach,  whidi 
is  merely  at  fiat  a  spindle  shaped  dilatation  of  the  lube  placed  vertically,  it  is  called  maoge- 
Iriinn.  Afterwards,  tbe  slomach  turns  on  its  side,  so  that  tbe  left  surface  is  directed  facwards 
and  the  right  backwards.     Thus,  Ibe  insertion  of  the  mesogasirium,  which   originsUy  was 


Fig'  833- 
Development  of  the  internal  generative  orvans.  I,  Undifferentiated  condition— D,  Teprodoctive 
eland,  tying  on  the  tubules  of  the  Wi^ffian  body;  W,  WoliEan  duct;  M,  MQlleriaD  duct; 
S.  aro  genital  sinus.  II,  Transfbnuations  in  the  female— F,  fimbria,  with  the  hydttid,  i' : 
T,  Fallopian  lube;  U,  uterus;  S,  uro-genilal  sinus;  0,ovary;  P, parovarium.  Ill,  Traos- 
forraations  in  the  male — H,  testis;  E,  epididymis,  with  the  hydatid,  h:  a,  vas  abenaiu: 
V,  vas  deferens;  S,  uro-genital  sinus;  u.  male  uterus,  4,  d,  hind-g;Dt ;  a,  mSiantcat; 
u,  urachos;  K,  cloaca.  5, M, rectum;  m,  perineum;  £,  pcsition  of  the  bladder;  S,  mo- 
genital  sinus, 

directed  backwards  (10  the  vertebral  column),  is  directed  to  the  left ;  the  line  of  inserlicn 
forming;  the  region  of  the  great  curvature,  which  becomes  still  more  curved.  From  the  gieal 
curvature,  tbe  mesogastrinm  becomes  elongated  like  a  pouch  (fig.  S33, 1  and  II,  s,  i),  constitnt- 
ing  ibe  omenlal  sac,  which  extends  so  far  downwards  as  to  pass  over  the  transverse  coka  and 
the  loops  of  tbe  small  intestine  (fig.  832,  III,  N).  As  the  mesogastrinm  originally  constss  of 
two  plates,  of  course  the  omentum  must  consist  of  fonr  plates.  At  the  4th  month,  tbe  posterior 
surlace  of  the  omenlal  sac  unites  with  the  surface  of  the  transverse  colon  {Jek,  MBller). 

450.  URINARY  AND  GENERATIVE  ORGANS.— Urinary  Apparatos.— The 
iirst  indication  of  this  apparatus  occurs  in  the  chick  at  the  tA  day  and  in  the  raljiit  at  tbe  9th,  as 
the  at  first  solid  ducts  of  the  primitive  kidneys  or  WolfBan  ducts  (fig.  833,  t,  W),  which  are 
formed  from  some  cells  mapped  off  from  the  lateral  plate  above  and  to  the  side  of  the  prorover- 
tebrie,  and  extending  from  the  fifth  to  the  last  vertebra.  The  dncta  are  solid  at  first,  but  soot 
become  hollow,  and  from  their  cavities  there  extend  laterally  a  series  of  small  tubes,  whtdi  in 
the  chick  communicate  licely  with  the  peritoneal  cavity  (Kditiitr).  Into  one  end  of  cad  of 
these  tubes  grows  a  tuft  of  blood-vessels  forming  a  structure  resembling  the  glomeruh  of  the 
kidney.  The  tubes  elongate,  form  convolutions,  and  increase  in  number.  The  upper  end  of 
the  Wolffian  duct  is  closed  at  fint,  its  lower  end,  wMcb  lies  in  a  prtqectii^  fold — tbe  plica  nro- 
genitalis  of  Waldeyer — in  the  peritoneal  cavity,  opens  into  the  un>.genital  sinus.     Close  abon 


mUllerian  ducts. 
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the  oriSce  of  the  Woltlian  duct  appeirs  the  areter  as  the  duct  of  the  kidney.  The  duct 
elongalei,  and  branchei  at  ki  upper  end.  Each  canal  at  its  end  is  like  a  stalked  caoutchouc  wc 
(  Toldl),  and  into  it  there  grow  the  already  farmed  glomeruli.  The  duct  of  the  kidney  opens 
independently  into  Ihe  uro-genital  lious,  and  forms  the  ureter.  The  part  where  the  branchiog 
of  the  duel  stop!  forms  the  pelvis  of  the  kidney,  and  the  brancbei  themselves  the  renal  tubules. 
Toldl  found  Malpighian  corpuscles  in  the  human  kidney  at  the  2d  month,  and  Henle's  loops  at 
the  4th.  The  first  appearance  of  the  urinary  bladder  is  at  the  41I1  week  (^w)i  and  is  more 
distinct  Bl  Ihe  zd  month,  ai  the  dilated  first  part  of  the  allantois  (Rg.  853).  The  upper  part  of 
the  allantois  remains  as  the  obliterated  urachus,  in  the  middle  vesicle  ligament. 

Internal  Reproductive  Organs. — In  front  of  and  inlemal  10  ihe  Wolffian  bodies  there 
arises  in  the  mesoblast  ihe  elongaied  reproductive  gland,  genn-ridge,  or  mau  of  germ-epittae- 
lium  (fig.  833,  I,  D).  which  in  both  sexes  is  t^ginally  alike  (1^.  S34,  K,  E).   Id  additkin,  there 
is  formed  a  canal  or  duct  parallel  to  Ihe  Wolffian  duct  (W),  which  alto  opens  into  the  uro-genital 
sinus;  this  is  MEUIei's  duct  (M),    The  ctevation 
of  the  fulure  reproductive  gland  is  coveted  origin- 
ally by  germ -epithelium  (  WalHtyer).     The  upper 
end  of  the  Miillerian  duel  opens  Iree  into  Ihe  ab- 
dominal cavily,  while   ihe   lower  ends  of  both 
ducts  unite  for  a  distance.     Some  of  [he  germiaai 
cells  covenng  the  snr&ce  of  the  future  ovary  en- 
large to  form  ova,  and  sink  into  the  stroma  to  form 
ova  embedded  in  thur  Graafian  follicles  (j  433) 
(fig.  834).     In  the  female,  Ihe  MUllerian  dncts 
form  the  Fallopian  tube  (11,  T},  and  the  lower 
untied  ends  the  uterus. 

In  the  male,  the  germ- epithelium  is  not  so  tall. 
Acccnling  lo  Waldeyer,  there  are  two  kinds  of 
tubes  in  the  Wolffian  bodies,  and  some  of  these 
penetrale  (he  position  of  the  reproductive  ^and. 
These  lubes,  which  are  connected  with  the  Wolff- 
ian ducts,  become  the  seminiferous  tubules  (v. 
iVitlick).  and  ibe  Wolffian  duct  itself  bscomes 
Ihe  vas  deferens,  with  the  vesiculx  seminales.  Ac- 
cording to  some  other  observer!,  however,  tubes 
which  become  the  seminiferous  lubales  are  devel- 
oped wilhin  the  reproductive  gland  ilself.  and 
ihese  tubes  lined  with  Ibeir  germ -epithelium 
ultimUely   form  a  conneclioii  wiih  ibe  Wolffian 

The  Miillerian  ducts,  which  are  really  the 
duds  of  the  reproductive  glands,  disappear  in 
man,  all  except  the  lowest  part,  which  becomes 
Ifae  male  uterus  or  vesicula  prostalica  (111,  u) — . 
the  homologue  of  the  utenii.  The  upper  tubules 
of  the  Wolffian  body  unile  at  the  3d  manlh  with 
(he  reproductive  gland  (which  has  now  become 
the  body  of  the  testis),  and  become  the  coni  vas. 
culosi  of  Ihe  epididymis,  which  are  lined  by  cili- 
ated epithelium  (E) ;  the  remainder  of  the  WollT. 
ian  body  disappears.  Some  detached  tubules 
form  the  vasa  abcmatia  (a)  of  the  testicle  [^Kebtlt). 
The  hydatid  of  Morgagni  (t),  at  ihe  head  of  the 
epididymis,  according  to  Luschka  and  others,  is  ■ 
part  of  the  epididymis — FleischI  regards  it  as  the 
rudiment  of  Ihe  male  ovary.  The  organ  of 
Giritdis  is  part  of  the  Wolflian  body.  The 
Wolffian  duel  ilself  becomes  the  vas  deferens  (V)  from  which  ihe  vesicnlx  seminales  are  de- 
veloped- The  two  Wolffian  and  two  MUllerian  ducts,  as  Ihey  enter  the  pelvis,  unite  to  form  a 
common  cord — the  genital  cord. 

In  the  female,  the  tubes  of  Ihe  Wolffian  liodies  disappear,  all  except  a  few  tubules,  lined  with 
ciliated  epithelium,  consliluting  the  parovarium,  or  organ  of  KosenmUIter  (fig.  786].  and  a  part 
anal^ous  to  the  organ  of  Giraid^s  in  the  broad  ligament  of  the  uterus  (  Waldeyrr)  (lig,  S33,  Pj. 
The  same  is  the  case  with  the  Wolffian  ducts.  In  some  animals  (ruminants,  pig,  cat,  and  fox] 
they  remain  permanently  as  the  ducts  of  Oaertner. 

The  MUllerian  duct  is  expanded  at  its  upper  end  to  form  the  fimbrix  of  the  Fallopian  tube. 


Fig.  834. 
Section  of  mammalian  ovary,  showing 
development  of  ova,  and  their  follicles. 
Ei,  Ripe  ovnm :  G,  follicular  cell*  of 
germinal  epithelium;  g,  blood. vessels ; 
K,  germinal  vesicle  and  spot;  KE, 
germinal  epithelium ;  Lf,  liquor  folli- 
cuU;  Mg,  membrana  granulosa;  Mp, 
zona  pellucida;  PS,  ingrowths  fi-om 
germinal  epithelium,  ovarian  tubes,  by 
means  of  which  some  of  the  nests  retain 
their  connection  with  the  epithelium ; 
S,  cavity  which  appears  within  the 
Graafian  follicle;  So,  stroma  of  ovary; 
ly,  Theca   folliculi  or  ovi-capsule ;  U, 
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and  it  is  often  provided  with  a  hydatid  (A^).  That  part  of  the  uro-genital  sinus  into  which  the 
four  ducts  open  grows  above  ioto  a  hollow  sphere,  which  forms  the  vagina  (HatAkt),  Accordiog 
tp  Thiersch  and  Leuckart,  however,  the  two  MUllerian  ducts  unite  at  their  lower  ends  to  form 
the  united  uterus  (U)  and  vagina,  while  their  free  upper  ends  form  the  Fallopian  tubes  (T),  The 
Miillerian  ducts  at  first  open  into  the  posterior  part  of  the  urinary  bladder  below  the  ureten 
(uro-genital  sinus,  S),  while  ultimately  this  part  of  the  bladder  becomes  so  elongated  pos- 
teriorly that  the  vagina  (the  united  MUllerian  ducts)  and  the  urethra  are  united  below  and  deeply 
within  the  vestibule  of  the  vagina.  At  the  3d  to  the  4th  month,  the  uterus  and  vagina  axe 
not  separate  from  each  other,  but  at  the  5th  to  the  6th  month  the  uterus  is  defined  from  the 
vagina. 

The  testicles  lie  originally  in  the  lumbar  region  of  the  abdominal  cavity  (fig.  835,  V,  /),  and 
are  carried  by  a  fold  of  the  peritoneum — the  mesorchium  (m).  From  the  hUum  of  the  testide 
a  cord,  the  gubemaculum  testis,  runs  through  the  inguinal  canal  into  the  base  of  the  scrotnia. 
At  the  same  time  a  septum-like  process  is  developed  independently  from  the  peritoneum  to  the 
base  of  the  scrotum  (  pv).  The  testicle  passes  through  the  inguinal  canal  into  the  scrotum,  bat 
the  mechanism  and  the  cause  of  the  descent  are  not  accurately  ascertained. — [Descent  of  tesas, 

?446.] 

The  ovaries  also  descend  somewhat  The  round  ligament  of  the  uterus  corr^poods  to  the 
gubernaculum  testis.  A  process  of  the  peritoneum  passes  in  the  female  into  the  inguinal  canal 
as  Nuck's  canal.     It  is  rare  to  find  the  ovaries  descending  into  the  labia  minora. 

[The  origin  of  the  urinary  and  generative  organs  is  undoubtedly  associated  with  the  develop- 
ment of  the  Wolffian  bodies.  The  researches  of  Semper  and  Balfour  on  elasmobranch  fishes 
show  that  the  process  is  a  very  complex  one.  There  is  a  mass  of  cells  on  each  side  of  the  ver- 
tebral column,  which  is  divided  into  three  parts,  the  first  called  the  pronephros,  or  head-kidney 
of  Balfour  and  Sedgwick,  the  middle  one,  the  mesonephros  or  Wolffian  body,  and  the  posterior 
one  or  metanephros,  which  is  formed  after  the  other  two,  gives  origin  to  the  permanent  kidney 
in  the  amniota.  The  Miillerian  duct  is  connected  with  the  pronephros,  the  Wolffian  duct  with 
the  mesonephros,  and  the  ureter  with  the  metanephros.] 

[The  following  table,  modified  from  Quain,  shows  the  destiny  of  these  structures : — 

MCllerian  Ducts  (Ducts  of  the  Pronq>hro8). 

Female,  Male. 

Fallopian  tubes.  Hydatid  of  Morgagni. 

Hydatid.  Male  uterus. 
Uterus  and  vagina. 

Wolffian  Bodies  (Mesonephros). 

Parovarium.  Vasa  efferentia,  Coni  vasculosi. 

Paroophoron.  Organ  of  Girald^,  Vasa  abenantia. 

Round  ligament  of  the  uterus.  Gubernaculum  testis. 

Wolffian  Ducts. 

Chief  tube  of  parovarium.  Convoluted  tube  of  epididymis. 

Ducts  of  Gaertner.  Vas  deferens  and  vesiculse  seminales. 

Metanephros. 
Kidney.  Ureter.] 

The  external  genitals  are  at  first  not  distinguishable  in  the  two  sexes  (fig.  835,  /).  At  the 
14th  week  there  is  merely  an  orifice  at  the  posterior  extremity  of  the  trunk,  repr^enting  both  the 
anus  and  the  opening  of  the  urachus,  and  forming  a  cloaca  (fig.  833,  4,  K).  In  fix»nt  of  this  an 
elevation — ^the  genital  eminence — appears  about  the  6th  week,  and  on  ou:h  side  of  the  orifice 
a  large  cutaneous  elevation  (fig.  835,  //,  w).  At  the  end  of  the  2d  month,  there  is  a  groove  oo 
the  under  surface  of  the  genital  eminence,  leading  back  to  the  cloaca,  and  with  distinct  walls 
bounding  it  (//,  r).  At  the  middle  of  the  3d  month,  the  cloacal  opening  is  divided  by  tbe 
growth  of  the  |>enneum,  between  the  urachus  (now  become  the  urinary  bladder)  (fig.  833,  5,  ^) 
and  the  rectum  (M). 

In  the  male,  the  genital  eminence  enlarges,  its  groove  deepens  from  the  opening  of  ^ 
bladder  onwards  to  the  apex  of  the  elevation  at  the  loth  week.  The  two  edges  unite  to  enclose 
the  groove,  which  becomes  the  urethra.  When  this  does  not  take  place,  hypospadias  occurs. 
At  the  4th  month  the  glans,  and  at  the  6th  the  prepuce,  are  formed.  The  large  cutaneous  foUs 
meet  in  the  middle  line  or  raphe  to  form  the  scrotum. 

In  the  female  the  undifferentiated  condition  remains  to  a  certain  extent  permanent.  Tbe 
small  genital  eminence  remains  as  the  clitoris,  the  mai^gins  of  its  furrow  become  the  njrmpfaae. 
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the  culaneous  elevations  remain  Kpirate  lo  rorm  (he  labia  majors.  The  uro-geniul  unns 
remains  lliort  u  the  vestibule  of  the  vagina,  while  in  nun,  by  the  closing  of  the  genital  groove, 
it  has  a  long  additioDal  tube,  the  urethra.  [The  accompanying  illastrattoDS,  after  Schroeder, 
Ehow  the  changes  of  tbe  externa]  organs  of  generation  io  the  female.  In  the  early  peiiod  (6<h 
week),  the  hind-gut  {fig.  S36,  K),  allanlois  (ALL),  and  the  Millleriaa  ducts  (M)  commnoicate, 

d  allies,  1 


Fig.  83s- 
Devetopment  of  the  eilemal  genitals.  /  and  //. — Genital  enanence;  r,  genital  groove;  1, 
coccyx;  TO,  culaneont  elevaiiopi.  /K — P,  penii;  X,  rai^e  penii;  5,  Krotum.  ///. — 
f,  clitoris;  /,  labia  minora;  L,  labia  majoia;  a,  anut ;  C,  and  Vf. — Descent  of  tbe 
testicle;  I,  testis;  m,  ntesorchium;  fiv,  proceuus  vaginalisoftheperitoiienm;  M,  abdomi' 
nalwall;  .?,  scnitum. 

ig  formed.  The  cloaca  is  then  divided  into  an  anterior  part,  the  uro-genital  sinus,  into  which 
the  Miillerian  dncts  open,  and  a  posterior  part,  the  anus.  There  ii  a  downward  growth  of  the 
tissue  between  the  hind-gnt  and  the  allantoii  to  form  tbe  perineum  (lig.  S3S).  The  aio-geaital 
liaas  then  contracts  at  its  upper  piit  to  form  the  short  urethra,  its  lower  part  remaining  as  the 
vestibule  (fig.  S39,  SV],  while  the  vagina  has  been  formed  by  the  union  of  tbe  lower  parts  of 
the  two  Miillerian  ducts.  The  bladder  (B)  is  the  expanded  lower  end  of  the  Hallt  of  the 
allanlois.] 


Tbe  causes  of  the  difference  of  aez  are  by  no  means  well  known.  From  ■  statistical 
analysis  of  SoflOO  cases,  the  influence  of  tbe  age  of  the  parents  has  been  shown  by  Kofacker 
and  Sadler.  If  the  husband  is  younger  than  tbe  wife,  there  are  as  many  boys  as  girls;  if  both 
are  of  the  same  age,  there  are  1029  boys  to  ttxxi  girls ;  if  the  husband  is  older,  taJ7  boys  to 
1000  girls.  In  insects  food  has  a  most  important  influence.  Pfilleer's  investigations  on  frogs 
show  that  all  external  condilions  during  development  are  without  effect 
the  sex,  so  that  the  latter  would  seem  to  be  determined  before  impr^n 


n  the  determination  of 


Ill8  DEVELOPMENT    OF   THE    NERVOUS   SVSTEM.  [ScC.  45I. 

45t.  FORMATION  OP  THE  CENTRAL  NERVOUS  SYSTEM— Fore -bnm. 
— At  each  side  of  the  fore-brain,  or  anterior  cerebral  vesicle,  which  ii  corercd  eitenullj  by 
epiblast  and  internally  by  the   ependyma,  there   growl  oat  a  l&rge  stalked   hollow  vende,  Ihe 
rndiment  of  the  cerebral  hemiapheres.     The  telatirelf  wide  opening  in  the  stalk,  ot  anc- 
manicalion,  ultimately  becomes  very  small,  and  is  the  foramen  of  Monm.     The  middle  pu 
between  the  two  cerebral  vexicles  remains  imall  and   is  (he  'tweeti  or  interbrain   with  the  3d 
ventricle  in  its  iDlerior.      It  elongates   at  the  second  month  towards  ihe  base  of  the  bni-a  u  1 
fnnnel-ihaped  projection,  to  form  the  tuber  cineieum  with  the  infundibolum.     The  thalami 
Opiici,  projecting  and   enlarging   from  the  sides  of  the   3d  ventricle,  narrow   the  fonmeB  of 
Monro  to  a  semi-lunar  slit.      At  the  base  of  the  brain  are  formed,  in  the  zd  month,  the  coipan 
albicantia,  at  the  3d  the  chiasms  ;  wbile  wjlhin  the  3d  ventricle  the  commissnres  are  fontied. 
'  The  hypophysiB,  belonging  to  the  mid-brain,  is  a  diverticulum  of  the  nasal  mocous  membnoe, 
cilending  through  the  bue  of  the  skall  towards  the  hollow  infuadibulum,  which  grows  to  bko 
it  (lig.  631,  T).    There  it,  as  it  were,  a  tendency  to  the  anion  of  the  cavity  of  the  fofe-gnt  with 
the  medullary  tube.     In  the  amphioxus  [Jirmiiaiiuiiij>),  goose  (Gaaer),  and  lizard  (SfraAft  the 
medallaiy  tube  communicated  originally  Trith  the  hind-gut  by  the  canalis  myelD-entcricus.    The 
choroid  plexus,  which  grows  into  Ibe  ventricles  of  the  hemiipheres  throogh  Che  loiaai^  of 
Monro,  is  a  vascular  development  of  the  ependyma.     At  the  4th  month,  tbe  conarium  {pineal 
gland)   is  formed,  and  at  this  lime  the  corpora  quadrigemina  cover  Ihe  hemis[d>eTes.    Tbt 
corpora  striata  begin  to  be  developed  in  the  cerebral   (lateral)  ventricle  at  the  zd  mcntli. 
while  the  comu  ammonil  is  formed  St  ibe  4lh  month.     j;The  exteraal  walls  and  Boat  of  the 
primitively  simple  central  hemispheres  beccnne  much  thickened,  Ihe  ^ickeDings  in  tbe  Boor 
constitute  the  corpora  striata,  which  protrude  into  ^e  lateral  ventricles,  their  position  betog  indi- 
caied  on  tbe  surface  of  the  brain  by  tbe  Sylvian  fissure.     As  they  extend  backwards  they  becooM 
connected  with  tbe  optic  thalami  (fig.  840,  li,  rf).     The  corpora  striata  are  connected  together 
by  the  anterior  comnussure.     From  Ihe  inner  wall  of  each  hemisphere  (here  grow  into  eacb 
lateral  ventricle  two  prqections;   tbe  upper  one   forms  the  hippocampus  major  or  axon 
atamoDJs  (fig.  84D,  4),  while  Ihe  lower  one  becomes  folded,  remains  thin,  receives  nntaeroos 
blood-vesels  from  tbe  fali  cere- 
bri,   and    forms    the    choraid 
plezui  (fig.  840,  //)•]     At  the 
3d  month,  Ihe  Sylvian  fissure  b 
formed,  aiid  the  hMii  of  tbe  idaBd 
ofReil-   The  pennanent  cettbnl 
convolutions  are  farmed  from  tbe 
7th  month  onwards. 

Tbe    mid-brain,    or    middle 
r  cerebral  veucle,  is  graduallf  cov- 

ered over  by  tbe  backwirf 
growth  of  the  haaspherei ;  its 
cavity  forma  the  aqnedact  of 
Sylvius  (f^.  841).  DepressiDBi 
aj^iear  on  the  snrTace  of  Ihe 
vedcle  to  divide  it  into  foac,  the 
corpora  quadrigcmina.m  birds 
tn  into  two,  the  corpora  bigenini 

(fig.  841,  ig),  Ihe  longitadini] 
depres^on  being  formed  at  tbe 
3d,  and  the  transverse  one  at  the 
7th  month,  Tbe  cerebral  ped- 
uncle Is  formed  bj  a  thickeniBi 
in  Ihe  base  of  this  vesicle. 
In  the  hind-brain  are  foooi 
I^e'°40-  the  cerebellar  hemisplMiis,whid 

Transverse  section  of  the  brain  of  an  embryo  sheep  2.7  cm.  grow  backwards  to  mecl  in  At 
long;  X  lO'  ">  cartilage  of  orbilo-spbenoid ;  c,  pedun-  middle  line.  The  vennis  is 
culltT  fibres;  f J,  optic  chiasma ;/",  median  cerebri  iiESnre  ;  formed  at  the  7th  month.  "Hic 
A,  cerebral  hemispheres,  with  a  convolution  upon  their  cerebellum  covers  fn  the  part  of 
mner  wall,  projecting  into  the  latter  ventricle,  /;  m,  fora-  the  medullary  tobe  lying  belm 
men  of  Monro j  0,  optic  nerve;  /,  pharynx  1  //,  lateral  il,  which  is  uot  closed,  as  fsi  u 
plexus ;  J,  lerminalion  of  the  median  fissure,  which  forms  the  calamus.  The  pons  arises 
the  roof  of  the  third  ventricle ;  sa,  body  of  the  anterior  in  the  floor  of  the  hiitd-brain  > 
sphenoid ;  st,  corpus  striatum  ;  /,  third  ventricle  ;  /A,  ante-  the  id  month, 
nor  deep  portion  of  the  optic  thalamus  {JColHier).  Tbe    spindle-shaped    namn 

after-brain  iixna  tbe  meduD* 
oblongata,  with  the  opening  of  the  medullary  tube  in  its  upper  pad. 


!4.  Eptnctphalsn,  .    . 
(hind-bnin) 
5.  MtteneephataH,     . 
(■fter.bndD) 
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The  follawing  table,  from  Qaain,  ihows  the  destioy  <^  each  cerebral  Tcxicle  : — 

.   (  Cerebral  hemupberes,  corpora  itiiala. 

\  corpus    calloaum,    fornix,    laleral 

(  venirides.  olfacioij  bulb. 

.  1  Thalami  oplici,  pineal   gland,  pitui- 

\  taiy  body,  crura  cerebri,  aqueduct 

}  of  Sylvius,  opiic  nerve, 

)  Corpora  quadiigemina,  crura  cerebri, 
aqueduct  of  Sylvius,  optic  nerve 
(secondarily). 

.    f  C^bellum,   poia,  anterior  part   of 

\  the  fourth  ventricle. 

.   /  Medulla  oblongata,  fourth  ventricle, 

\  auditory  nerve. 

Spinal  Cord. — The  spinal  cord  is  devekqied  from  the  medullary  tube  behind  the  medulla 
oblongata,  fint  the  gray  matter  around  the  canal,  while  the  white  tnatter  is  added  aflerwards 
outside  Ibis.     The  ganglionic  cells  increase  by  division  in  amphibians  ILominiky).     At  Erst  the 
(pinal  cord  reaches  to  the  Coccyx.      In  the  adult,  the  spinid  cord  reaches  Only  to  the  isl  or  id 
lumbar  vertebne,  so  that  it  does  not  ek»gate  so  much  ai  the  vertebra]  cBoal.     It  is  a  queRion 
bow  &r  this  want  of  harmony  in  the  development  of  these  two  structures  may  lead  to  disturbances 
of  sensibility  or  paralysis  of  the  lower  limbs  in  children.     The  finl  muscles  are  formed  in  the 
back  at  the  3d  month ;  at  tbe  41h  month 
they  are  red.     The  apinal  ganglia  are 
forined  from  a  special  strip  of  epiblastic 
cells.  They  are  seen  at  the  4th  week,  and 
10  are  the  anterior  spinal  roots  and  some  of 
the  trunks  of  (he  s|nnal   nerves,  while 
the    potterior  roots  are   still  abeent.     At 
this  period  the  ganglia  of  the  5th,  7th, 
Sth,  9lh,  and   loth   nerves  and  part  of 
ibeir  origins  are  present,  while  the  isl, 
2d,  3d,  and  izth  nerves  and  the  tyropa- 
ihelic  are   not  yet  differentiated  {fftt). 
The   motor  apinal  nerves  grow  out 

from  the  ginglia  cells  of  tbe  spinal  cord.  Fig   g^i 

it    from  neuroblaalB  (//„).  >nd  wne-  p;  ^f  ^„  embryonic  fowl's  brain,     a.,  anterior 

>,the   penpheral  p«ts   of   the      .•^^i,,^.^.   <,„„/anterior  medullary  velum,  and 

t  the  aqueduct  of  Sylviut  and  the  cerebral 

peduncles;  ba,  basilar  artery;  6g,  corpora  bige- 
1;  cdi,  internal  carotid  artery  ;  (^/,  cerebellum ; 
eh*,  choroid  plexuses  of  the  third  and  fourth 

ventricles;    i,  cerebral  hemiqiheres ;    inf,   infundi- 

bulum;  It,  lamina  terminalis;  It.  lateral  ventricle; 

eil,   medulla  oblongata;    elf,   olfactory   lobe 


body  {/fi>).  At  fim  they  are  devoid  of 
myelin.  The  cells  of  tbe  apinal  ganglia 
are  the  parts  from  which  the  aensory 
nervOB  are  developed.  The  nerve-fibres 
£row  into  the  spinal  cord,  and  there  i: 
also   a  peripheral  prolongation  toward: 

rNeuroblasts  and  Spongioblasts. 
— When  the  lamins  dorsales  close  in  the 
medullary  canal  (p.  1090)  and  convert  it 
inlo  (he  neural  canal,  (bey  nip  otT  a 
■mall  part  of  the  epiblast  from  which  is 
ultimately  formed  the  cerebro-3|Mnat  axis. 
At  tint  the  tubular  layer  coniisto  of  one  layer  of  nenro-epilhelium;  but  at  a  very  early  st^e  two 
kinds  of  cells  are  found, one  the  "germinal  cells"  and  the  other  the  "  spongioblasts  "  or 
supportii^  cells  (His\  The  germinal  cells  lie  near  the  central  canat  between  tbe  inner  ends 
of  the  spongioblasts  (lig.  S42),  where  they  fonn  an  interrupted  row.  Each  cell  has  a  clear  pio- 
toplasnnc  body  and  the  nuclei  show  mitotic  figures.  The  spongioblasts  are  columnar  palisade- 
like cells  with  a  radiate  arrangement  and  with  oval  nucld  lying  at  some  distance  from  the  central 
canal.  The  Outer  ends  of  these  Bells  give  off  processes  which  unite  with  processes  from  simiior 
Spongioblasts,  and  this  formi  tbe  myelo-apongium.  From  the  germinal  cells  are  derived  by 
mitosis  the  neuroblasts  (lig.  843),  which  are  pyriform-sbaped  cells  with  at  first  only  one 
procCM,  the  axis-cylinder  process,  which  gradually  grows  out  into  the  anterior  nerve-root,  so 
that  the  fibres  of  the  anterior  roots  are  processes  of  the  neuroblasts,  which  become  the  multi- 
polar nerve-cells  of  (he  cord.     The  lateral  protoplasmic  processes  are  developed  after  the  axis- 


fit,  pituitary  body ;  ps,  pons   \ 

fourth   ventricle;    si,  corpus   striatum;    v',  third 

ventricle ;  i*,  fourth  ventricle  {Quaiit  afitr  Mihal- 
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[Development  of  the  Sympathetic  Nervous  SjrBtem. — One  let  of  olaetven  (Balfimi'i 
hold  that  It  is  epiblailic  id  iu  origin,  and  another  set  (  OhmU)  regard  it  as  mesoblaatic.  Patenoi 
tindi  that  it  is  of  mesoblaMic  origin,  and  that  it  adseton  either  side  of  the  bodras  a  solid  unKg- 
mented  rod  a(  cells  Ijring  close  lo  the  aorta,  and  at  fir«  ii  has  do  cooneciioos  with  the  cord.  It 
is  subsequently  connected  to  the  cord  by  the  ingrowth  into  it  of  the  splaDchnic  branches  of  the 
spinal  nerves,  and  after  this  connection  is  made  it  assumes  a  segmental  appearaoce.] 

4S3.  THE  SENSE  ORGANS.— Eye.— The  primary  optic  vesicle  grows  ont  &on  the 
fore'biain  towards  the  Outer  Covering  of  the  head  or  epiblast.  and  socm  becomes  folded  in  m 
itself  (4th  week),  so  that  the  stalked  optic  vesicle  is  shaped  like  an  egg.cup  (fig,  S44,  I).  The 
cavity  in  the  interior  of  this  cup  is  called  the  secondary  optic  vesicle.  The  inflected  pan 
becomes  the  retina  (IV,  r),  while  the  posterior  part  becomes  the  choroidal  cpithetimn  (IV,  f]. 
The  stB.lk  becomes  the  optic  nerve.  At  the  under  surface  of  the  depreasion  there  is  a  ilil^-lbc 
choroidal  fissure — which  permits  some  of  the  mesoblasi  to  gain  access  10  the  interior  of  ibc 
eye.  This  slit  forms  the  coloboma  [II)  ;  it  is  prolonged  backward  on  the  stalk,  and  conliiu 
the  central  artery  of  the  retina.  The  msrEios  of  the  coioboma  afterwards  QDite  complete! j  with 
each  other,  but  in  some  rare  conditions  this  does  not  take  place,  in  which  case  we  have  10  deal 
with  a  coloboma  of  the  ch(»oid  or  retina,  as  the  case  may  be.  In  the  bird  the  euilvyuuic 
coloboma  slit  does  not  close  op,  but  a  vascular  process  of  the  mesoblast  dips  into  it,  and  pane 
into  the  eye  to  form  the  pecten  (\  405).  The  same  is  the  case  En  fUhes,  where  there  is  a  large 
vascular  process  of  the  meso-  and  epiblast,  formioj;  the  firvcesiui  faUiformis  ({  405). 

The  depression  or  inflection  of  the  optic  vesicle  is  due  to  the  downgrowth  into  it  of  a 
thickening  of  the  epiblast  (I,  L).  It  is  hallow,  and  as  it  grows  inwards  ultimately  becuBCs 
spherical  and  separated  from  the  epiblast  10  form  the  crystalline  lena,  sa  (hat  the  lens  it  epi- 
blastic  in  its  origin,  white  the  capsule  of  the 
lens  is  a  cuticular  structure  formed  from  the 
epiblast.  That  part  of  the  epiblast  which 
covers  the  vesicle  in  front  of  the  lens  nlti- 
maiely  becomes  tbe  stratified  epithelium  of 
the  cornea.  The  layer  of  pigment  of  the 
invaginated  optic  vesicle  is  applied  to  the 
ciliary  body,  and  (he  posterior  surface  of  the 
iris,  when  the  latter  is  formed.  The  cornea 
is  formed  at  the  6th  week.  The  substance 
of  the  choroid ,  sclerotic,  and  cornea  is  formed 
around  tbe  position  of  the  eye  from  the 
mesoblasi  (m).  The  Capsule  of  the  lens  is 
at  first  completel]'  surrounded  by  a  vascular 


Fig.  842.  Fig.  843. 

Fig.  841. — A  group  of  spongioblasts,  sp;  g,  germinal  cells;  Ir,  transition  ceDs  betweoi  gcrs- 
cells  and  neuroblasts.  Fig.  S43. — Transverse  section  of  half  of  the  spanal  conl  of  a  Iiout- 
emhryoi  <-£-,  central  canal;  m/i,  membrana  limilans  interna ;  ^,  germinal  cell;  rf,  ^xjagiu- 

blast;  nA,  neuioblist;  mf,  white  columns. 
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aaterior  pan  of  tb«  eye,  while  low>rd«  it  grows  the  mirgia  of  (he  iris  (yih  week),  w  that  the 
papil  k  closed  by  this  part  of  the  vascular  capsule,  mnntirana  pupillarii.  The  blovd-vesMls  of 
the  iris  are  continuous  with  those  of  the  pupillary  membraDe ;  iboiK  of  the  posterior  capsule  of 
the  lens  give  off  ihe  hyaloid  anery,  a  continuation  of  the  central  arlerji  of  the  retina ;  its  vrina 
posa  into  those  of  the  irii  and  choroid.  The  vitreous  humor  at  the  4ih  week  is  represented  by  a 
cellular  mast  between  the  lens  and  the  retina.  The  pupillary  membrane  disappears  at  the  7lh 
month.     It  may  remain  throughout  life  (V). 

/.        n.  /fT 


F,g,  844. 
Development  of  the  eye.  I,  Inflexion  of  the  sac  of  the  lens  (L)  into  the  primary  optic  vedcle 
(P) — e,  epidermis;  m,  mesoblast.  II,  The  inflexion  seen  fiom  below — k,  optic  nerve;  /, 
the  outer,  1.  the  inner  layer  of  the  inflecled  *e»clei  L,  lens.  Ill,  Longhudinal  section 
of  II.  IV,  Further  develi^Hnenl — f,  corneal  epithelium;  i,  cornea;  m,  membtana 
capsulo- pupil laris;  L,  lens;  a,  central  artery  of  the  retina;  s,  sclcroiic;  ch,  choroid;  p, 
pigment  layer  of  the  retina;  r,  retina,       V,  Persistent  remains  of  the  pupillary  membrane. 

Organ  of  Smell. — On  the  under  surrace  and  lateral  limit  of  the  fbre-bniin,  the  epibUst 
farms  ■  groove  or  pit  with  thickened  epilhelium,  which  forms  a  depression  towards  the  brain, 
but  always  remains  as  a  pit  or  depres!>ion;  this  is  the  olfactory  or  nasal  pit,  to  which  the 
olfador;  nerve  afterwards  sends  its  branches.     For  the  formalion  of  the  nose  see  p  1104. 

O^an  of  Hearing;. — On  both  sides  of  the  after-brain  or  posterior  brain  vesicle,  atwve  the 
first  visceral  or  hyoid  arch,  there  is  a  depression  or  pit  formed  in  the  epiblasl,  which  gradually 


Fig.  845. 
Early  stages  in  the  development  of  the  verlebrMe  ear.  A~D,  early  stages  in  the  chick  {RnttHer). 
E,  transverse  section  thrOQEh  'be  auditory  pit  of  a  Jo  hours'  chick  {Afarshall).  F,  trans- 
Terse  section  through  the  hind-brjin  of  a  fo^tsl  ^hetp.  are,  anterior  cardinal  (jngular) 
vein;  ac,  aortic  arch;  ^f,  ductus  cochlearis  ;  ™,  recessus  (aqueductusl  veslibuli  [  f,  vesti- 
buium;  I'j,  vertical  semicircular  canal;  I'li't,  auditory  nerve  ;  ni-ji,  nolochord. 

extends  deeper  towards  the  brain— this  is  the  labyrinth  pit  or  auditory  aac,  which  soon  be- 
comes Hask'Shaped  (fig.  S45,  A,  B). 

[The  stalk,  which  originally  connected  the  cavity  of  the  sac  with  the  sorrsce,  persists  as  the 
Mqaeductut  vestitiuli ;  and  its  blind  swollen  distal  extremity  as  the  aaccua  endolymphatlcua, 
or  recessus  vestibnli  {HadJim,  tig.  845,  r,  v).'\     The  pit  is  ultimately  completely  cut  off  from 
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the  epiblast,  just  like  the  leos,  and  is  now  called  the  vesicle  of  the  labjrrinth  or  primaiy 
auditory  vesicle.  Its  related  portion  forms  the  utricle,  from  which,  at  the  2d  month,  the 
semicircular  canals  and  the  cochlea  are  developed  [fig.  S45,  D).  The  anioo  with  the  bnio 
occurs  later,  along  with  the  development  of  the  auditory  nerve.  The  first  visceral  cleft  remaios 
as  an  irregular  passage  from  the  Eustachian  tube  to  the  external  auditory  meatus.  The  &u/fr 
ear  appears  at  the  7th  week. 

Organ  of  Taste. — The  gustatory  papilla  are  developed  in  the  later  period  of  intriotrnDe 
life,  and  several  days  before  birth  the  taste-buds  appear  (/r.  Nermann). 

453.  BIRTH. — With  the  growth  of  the  ovum,  the  uterus  becomes  more 
distended,  its  walls  more  muscular  and  more  vascular,  although  the  uterine 
walls  are  not  thicker  at  the  end  of  pregnancy.  Toward  the  end  of  gestation 
the  cervical  canal  is  intact  until  labor  begins,  or  at  any  rate  it  is  but  slightly 
opened  up  at  its  upper  part.  After  a  period  of  280  days  of  gestation,  "  labor" 
begins,  whereby  the  contents  of  the  uterus  are  discharged.  The  labor  pains 
occur  rhythmically  and  periodically,  being  sepwirated  from  each  other  by  inter- 
vals free  from  pain.  Each  pain  begins  gradually,  reaches  a  maximum,  and 
then  slowly  declines.  With  each  pain  the  heat  of  the  uterus  increases  (§  303), 
while  the  heart-beat  of  the  foetus  becomes  slower  and  feebler,  which  is  due  to 
stimulation  of  the  vagus  in  the  medulla  oblongata  (§  369,  3). 

[At  the  full  time  the  membranes  and  placenta  line  the  uterus.     The  mem- 
branes consist,  from  within  outwards,  of  amnion,  chorion,  decidua  reflexa,  and 
decidua  vera.     The  fundi  of  the  uterine  glands  persist  in  the  deep  part  of  the 
decidua  vera,  and  thus  form  a  spongy  layer,  the  part  above  this  being  the  com- 
pact  layer  in  the  deep  part  of  the  placenta,  e,  g.,  near  the  uterine  wall ;  we  have 
also  the  fundi  of  the  uterine  gland  persisting  in  the  decidua  serotina.     When 
the  placenta  and  membranes  are  expelled  after  birth,  the  line  of  separation 
takes  place  in  the  part  of  the  membranes  and  placenta  where  the  fundi  of  the 
glands  persist.     After  labor  is  completely  finished,  the  uterus  is  lined  by  the 
remains  of  the  spongy  layer  of  the  decidua  vera  and  serotina,  e,  g.^  is  lined  by 
a  layer  which  contains  the  fundi  of  the  uterine  glands.     The  new  mucous  mem- 
brane is  regenerated  by  the  growth  of  the  epithelium  and  connective-tissue 
is  this  part.     The  membranes  expelled  are  made  up  of  amnion,  chorion, 
deciduse  reflexae,  and  the  compact  layer  of  the  decidua  vera.] 

The  uterine  movements  during  labor  proceed  in  a  peristaltic  manner  from 
the  Fallopian  tube  to  the  cervix,  and  occupy  20  to  30  seconds.  In  the  curve 
registered  by  these  movements  there  is  usually  a  more  steep  ascent  than  descent. 

[Power  in  Ordinary  Labor. — Sometimes  the  ovum  is  expelled  whole,  the  membranes  oori- 
taining  the  liquor  amnii  remaining  unruptured.  Poppel  has  pointed  out  that  the  force  which 
ruptures  the  bag  of  membranes  is  sufficient  to  complete  delivery,  so  that,  as  Matthews  Dnncao 
remarks,  the  strength  of  the  membranes  gives  us  a  means  of  ascertaining  the  power  of  labor  i& 
the  easiest  class  of  natural  li^ors.  Matthews  Duncan,  from  experiments  on  the  pressure  required 
to  rupture  the  membranes,  concludes  that  the  great  majority  of  labors  are  completed  by  a  pro- 
pelling force  not  exceeding  40  lbs.] 

Polaillon  estimates  the  pressure  exerted  by  the  uterus  upon  the  foetus  at  each  pain  to  be  154 
kilos.  [33S.8  lbs.],  so  that,  according  to  this  calculation,  the  uterus  at  each  pain  performs  8S20 
kilogrammetres  of  work  (J  301 ).     [This  estimate  is  certainly  far  too  high.] 

After-Birth. — After  the  foetus  is  expelled,  the  placenta  remains  benind ;  but  it  is  soos 
expelled  by  the  contractions  of  the  uterus.  During  the  contraction  of  the  uterus  to  expd  ibe 
placenta,  a  not  inconsiderable  amount  of  the  placental  blood  is  forced  into  the  child  (}  40).  [I 
b  more  probable  that  the  child  aspirates  toe  bhxxl  from  the  foetus  portion  of  the  placciKi 
This  can  be  seen  in  late  ligature  of  the  cord.  The  child  may  thus  gain  two  ounces  of  bk»d] 
After  a  time  the  placenta,  the  membranes,  and  the  decidua — constituting  the  after-birth— an 
expelled. 

[Nerves  of  Uterus. — The  uterus  receives  its  motor  fibres  for  both  coats  fi*om  thesymi* 
thetic  chain,  chiefly  from  about  the  4th  to  the  6th  lumbar  ganglia.  Most  of  the  fibres  ran  to  ibe 
lower  inferior  mesenteric  ganglia  and  are  connected  with  nerve-cells  there  {^Langlty),'\ 

Influence  of  Nerves  on  the  Uterus. — i.  Stimulation  of  the  hypogastnc  plexus  causes  ex- 
traction of  the  utenis.     The  fibres  arise  from  the  spinal  cord,  from  the  last  dorsal,  and  x^ 
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three  or  four  lumbar  nerves,  run  into  the  sympathetic  and  then  reach  the  hypogastric  plexus 
(Frankenhduser).  2.  Stimulation  of  the  nervi  erigentes,  which  are  derived  from  the  sacral 
plexus,  causes  movement  {v.  Basch  and  Hofmanh).  3.  Stimulation  of  the  lumbar  and  sacral 
pans  of  the  cord  causes  powerful  movements  (Spiegelberg).  There  is  a  centre  for  the  act  of 
parturition  in  the  lumbar  region  of  the  cord  (§  362,  6).  The  uterus,  like  the  intestine,  probably 
contains  independent  or  parenchymatous  nerve-centres  {Kdmer)^  which  can  be  excited  by  sus- 
pension of  the  respiration,  and  by  anaemia  (by  compressing  the  aorta,  or  rapid  hemorrhage). 
Decrease  of  the  bodily  temperature  diminishes,  while  an  increase  of  the  temperature  increases  the 
movement,  which,  however,  ceases  during  high  fever  {Fromme).  The  experiments  made  by 
Rein  upon  bitches  show  that,  if  all  the  nerves  going  to  the  uterus  be  divided,  practically  all  the 
functions  connected  with  conception,  pregnancy,  and  parturition  can  take  place,  even  although 
the  uterus  is  separated  from  all  its  cerebro-spinal  connections.  Hence,  we  must  look  to  the 
presence  of  some  automatic  ganglia  in  the  uterus  itself.  According  to  Dembo,  there  is  a 
centre  in  the  anterior  wail  of  the  vagina  of  the  rabbit.  According  to  Jastreboff,  the  vagina  of 
the  rabbit  contracts  rhythmically.  Sclerotic  acid  greatly  excites  the  uterine  contractions  [v, 
Swiecicki)j  so  does  anaemia  {Kroneeker  and  Jastreboff").  4.  The  uterus  contracts  reflezly  on 
stimulating  the  central  end  of  the  sciatic  nerve  [y.  Basch  and  Hofmann\  the  central  end  of  the 
branchial  plexus  (Sch/esing-er),  and  the  nipple  (Scanzoni).  5.  The  uterus  is  supplied  by  vaso' 
motor  nerves  (hypogastric  plexus),  which  come  trom  the  splanchnic ;  and  also  by  vaso-dilator 
fibres^  the  latter  through  the  nervi  erigentes.  The  vaso-motor  nerves  arc  affected  reflex  ly  by 
stimulation  of  the  sciatic  nerve  {v,  Basch  and  Ifofmann). 

[In  the  rabbit  the  vagina  and  uterine  cornua  exhibit  regular  movements  of  a  *<  peristaltic  *' 
nature.  These  exist  apart  from  any  extraneous  stimulus,  and  are  probably  a  vital  property  of 
the  tissue.  They  can  be  demonstrated  in  animals  a  few  weeks  old,  and  have  been  recorded 
continuously  for  many  hours.  Frequently  they  are  more  vigorous  six  hours  after  than  at  the 
beginning,  showing  that  they  are  not  due  to  the  irritation  of  the  operation  necessary  to  demon- 
strate them. 

Their  rate  and  extent  vary.  In  young  animals  they  are  frequent  (i  to4  per  minute)  but  irreg- 
ular in  character.  In  nulliparous  adults  they  are  less  frequent  and  somewhat  more  regular. 
During  pregnancy  they  increase  greatly  in  extent,  and  their  rate  becomes  i  in  1 20  to  1 30  seconds. 
These  characters  are  retained  after  pregnancy  for  many  months  at  least.  They  are  diminished  or 
abolished  by  chloroform  narcosis,  are  scarcely  affected  by  ether.  Water  at  100^  to  1 20^  F.  produces 
a  persistent  contraction  accompanied  by  blanching  of  the  tissue.  Similar  effects  are  produced  by 
dilute  acetic  acid  {Milne  Murray)."] 

Lochia. — After  birth  the  whole  mucous  membrane  (decidua)  is  shed  ;  its 
inner  surface,  therefore,  represents  a  large  wounded  surface,  on  which  a  new 
mucous  membrane  is  developed.  The  discharge  given  off  after  birth  constitutes 
the  lochia. 

Involution  of  the  Uterus. — After  birth  the  thick  muscular  mass  decreases 
in  size,  some  of  its  fibres  undergoing  fatty  degeneration.  Within  the  lumen  of 
the  blood-vessels  of  the  uterus  itself  there  begins  in  the  interna  of  these  vessels  a 
proliferation  of  the  connective- tissue  elements,  whereby  within  a  few  months  the 
blood-vessels  so  affected  become  completely  occluded.  The  smooth  muscular 
fibres  of  the  middle  coat  of  the  arteries  undergo  fatty  degeneration.  The  rela- 
tively large  vascular  spaces  in  the  region  of  the  placenta  are  filled  by  blood-clots, 
which  are  ultimately  traversed  by  outgrowths  of  the  connective-tissue  of  the 
vascular  walls. 

Milk-Fever. — After  birth  there  is  a  peculiar  action  on  the  vaso-motor  sys- 
tem, constituting  milk-fever,  while  at  the  2d  to  3d  day  there  is  a  more  copious 
supply  of  blood  to  the  mammary  gland  for  the  secretion  of  milk  (§  231). 
[After  birth  the  pulse  becomes  slow  and  remains  so  in  a  normal  puerperium. 
The  so-called  milk-fever  is  not  found  in  cases  where  strict  cleanliness  is  observed 
during  the  labor  and  puerperium.]  For  the  cause  of  the  first  respiration  in  the 
child,  see  p.  847. 

454-  COMPARATIVE.— HISTORICAL.— A  sketch  of  the  development  of  man  must 
necessarily  have  some  reference  to  the  general  scheme  of  development  in  the  Animal  Kingdom. 
The  question  as  to  how  the  numerous  forms  of  animal  life  at  present  existing  on  the  globe  have 
arisen  has  been  answered  in  several  wajrs.  It  has  been  asserted  that  each  species  has  retained 
its  characters  unchanged  from  the  beginning,  so  that  we  speak  of  the  **  constancy  of  species." 
This  view,  developed  by  Linnaeus,  Cuvier,  Agassiz,  and  others,  is  opposed  by  that  supported  by 
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Lamarck,  1809,  or  the  doctrme  of  the  **  Unity  of  the  Animal  Kingdom/'  correspooding  to  the 
ancient  view  of  Empedocles,  that  all  species  of  animals  were  derived  by  variations  from  a  (em 
fundamental  forms  ;  that  at  first  there  were  only  a  few  lower  forms  from  which  the  numerous 
species  were  developed — a  view  supported  by  Gcofii-oy  St.  Hilaire  and  Goethe.  After  a  long 
period  this  view  was  restated  and  elucidated  in  the  most  brilliant  and  most  fniiiful  manner  by 
Charles  Darwin  in  his  **  Origin  of  Species ''  (1859)  and  other  works.  He  attempted  to  show  how 
modiBcations  may  be  brought  about  by  uniform  and  varying  conditions  acting  for  a  long  dme. 
Amongst  created  beings  each  one  struggles  with  its  neighbor,  so  that  there  is  a  real  **  struggle 
for  existence."  Many  qualities,  such  as  vigor,  rapidity,  color,  reproductive  activity,  etc,  are 
hereditary,  so  that  in  this  way  by  *'  natural  selection  "  there  may  be  a  gradual  impfOTement 
and  therewith  a  gradual  change  of  the  species.  In  addition,  organisms  can,  within  certain  limits, 
accommodate  themselves  to  their  surroundings  or  environment.  Thus  certain  osefnl  organs  or 
parts  may  undergo  development  while  inactive  or  useless  parts  may  undergo  retrogressioo,  and 
form  **  rudimentary  organs."  This  process  of  "  natural  selection,"  causing  gradual  changes  in 
the  form  of  organisms,  finds  its  counterpart  in  **  artificial  selection  "  amongst  plants  and 
animals.  Breeders  of  animals,  for  example,  by  selecting  the  proper  crosses,  can  within  a  rela- 
tively short  time  produce  very  material  alterations  in  the  form  and  characters  of  the  animals 
which  they  breed,  the  changes  being  more  pronounced  than  many  of  those  that  separate  well-de- 
fined  species.  But,  just  as  with  artificial  selection,  there  is  sometimes  a  sudden  **  reversion  **  to 
a  former  type,  so  in  the  development  of  species  by  natural  selection  there  is  sometimes  a  condi- 
tion of  atavism.  Obviously,  a  wide  distribution  of  one  species  in  different  climates  must  increase 
the  liability  to  change,  as  very  different  conditions  of  environment  come  into  play.  Thos,  the 
migration  of  organisms  may  gradually  lead  to  a  change  of  species. 

Biological  Law. — Without  discussing  the  development  of  different  organisms,  we  may  refer 
to  the  **  fundamental  biological  law^^  of  Haeckel,  viz.,  ^'that  the  ontogeny  is  a  short  repetitioB 
of  the  phytogeny,"  [ontogeny  being  the  history  of  the  development  of  single  beings,  or  of  the 
individual  from  the  ovum  onwards,  while  phylogeny  is  the  history  of  the  development  of  a 
whole  stock  of  organisms,  from  the  lowest  forms  of  the  series  upwards]  (p.  xxvii).  When  appHed 
to  man,  this  law  asserts  that  the  individual  stages  in  the  course  of  the  development  of  tbe  human 
embryo,  e.g.^  its  existence  as  a  unicellular  ovum,  as  a  group  of  celb  after  complete  clearage,  as  a 
blastodermic  vesicle,  as  an  organism  without  a  body-cavity,  etc. ;  that  these  stages  of  development 
indicate  or  represent  so  many  animal  forms,  through  which  the  human  species  in  the  course  of 
untold  ages  has  been  giadually  evolved.  The  individual  stages  which  the  human  race  has  passed 
in  this  process  of  evolution  are  rapidly  rehearsed  in  its  embryonic  development.  This  conceptioa 
has  not  passed  without  challenge.  In  any  case,  the  comparison  of  the  human  development  and 
its  individual  organs  with  the  corresponding  perfect  organs  of  lower  vertebrates  is  of  great  im- 
portance. Thus,  a  mammal  during  the  development  of  its  organs  is  originally  possessed  of  the 
tubular  heart,  the  branchial  clefts,  the  undeveloped  brain,  the  cartilaginous  chorda  dofsalis, 
and  many  arrangements  of  the  vascular  system,  etc.,  which  are  permanent  throughout  the  liie  of 
the  lowest  vertebrates.  These  incomplete  stages  are  perfect  in  the  ascending  classes  of  verte- 
brates. Still,  there  are  many  difficulties  to  contend  with  in  establishing  both  the  evolution  hypo> 
thesis  of  Darwin  and  the  biological  law  of  Haeckel. 

Historical. — Although  the  impetus  to  the  study  of  the  history  of  development  has  been  most 
stimulated  in  recent  times,  the  ancient  philosophers  held  distinct  but  very  varied  views  00  the 
question  of  development.  Passing  over  the  views  of  Pythagoras  (550  b.c.)  and  Anaxagoras  ($00 
B.C.),  Empedocles  (473  B.C.)  taught  that  the  embryo  was  nourished  through  the  umbilicus;  while 
he  named  the  chorion  and  amnion.  Hippocrates  observed  incubated  eggs  from  day  to  day, 
noticed  that  the  allantois  protruded  through  the  umbilicus,  and  observed  that  the  chick  escaped 
from  the  egg  on  the  20th  day.  He  taught  that  a  7  month's  foetus  was  viable,  and  explained  the 
possibility  of  superfoetalion  from  the  horns  of  the  uterus.  The  writings  of  Aristotle  (bom  384 
B.C. )  contain  many  references  to  development,  and  many  of  them  are  already  referred  to  in  tbe 
text.  He  taught  that  the  embryo  receives  its  vascular  supply  through  the  umbilical  vessels,  and 
that  the  placenta  sucked  the  blood  from  the  vascular  uterus  like  the  rootlets  of  a  tree  absorbing 
moisture.  He  distinguished  the  polycotyledonary  from  the  diffuse  placenta ;  and  he  referred  the 
former  to  animals  without  a  complete  row  of  teeth  in  both  jaws.  In  the  incubated  egg  of  the 
chick  he  distinguished  the  blood-vessels  of  the  umbilical  vesicle,  which  carried  food  from  the 
cavity  of  the  latter  and  also  the  allantois.  He  also  observed  that  the  head  of  the  chick  lay  on 
its  right  leg,  and  that  the  umbilical  sac  was  ultimately  absorbed  into  the  body.  The  fonnatioo 
of  double  monsters  he  ascribed  to  the  union  of  two  germs  or  two  embryos  lymg  near  each  other. 
During  generation  the  female  produces  the  matter,  the  male  the  principle  which  gives  it  form  and 
motion.  There  are  also  numerous  references  to  reproduction  in  the  lower  animals.  EjrasistratiB 
(304  H.c.)  described  the  embryo  as  arising  by  new  formations  in  the  ovum' — Epigenesis, — while 
his  contemporary,  Herophilus,  found  that  the  pregnant  uterus  was  closed.  He  was  aware  of  the 
glandular  nature  of  the  prostate,  and  named  the  vesiculae  seminalis  and  the  epididymis.  Galen 
(131-203  A.D.)  was  acquainted  with  the  existence  of  the  foramen  ovale,  and  tlie  course  of  tbe 
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blood  in  the  foetus  through  it,  and  through  the  ductus  arteriosus.  He  was  also  aware  of  the 
ph3r5iologicaI  relation  between  the  breast  and  the  blood-vessels  of  the  uterus,  and  he  described  bow 
the  uterus  contracted  on  pressure  being  applied  to  it.  In  the  Talmud  it  is  stated  that  an  animal 
with  its  uterus  extirpated  may  live,  that  the  pubes  separates  during  birth,  and  there  is  a  record  of 
a  case  of  Csesarean  section,  the  child  being  saved.  Sylvius  described  the  value  of  the  foramen 
ovale ;  Vesalius  (1540)  the  ovarian  follicles;  Eustachius  (f  1570)  the  ductus  arteriosus  (Botalli) 
and  the  branchesof  the  umbilical  vein  to  the  liver.  Arantius  investigated  the  duct  which  bears 
his  name,  and  he  asserted  that  the  umbilical  arteries  do  not  anastomose  with  the  maternal  vessels 
in  the  placenta.  In  Libavius  (1597)  it  is  stated  that  the  child  mav  cry  in  utero.  Riolan  (1618) 
was  aware  of  the  existence  of  the  corpus  Highmorianum  testis.  Pavius  (1657)  investigated  the 
position  of  the  testes  in  the  lumbar  region  of  the  foetus.  Harvey  (1633)  stated  the  fundamental 
axiom,  **  Omne  vivum  ex  ovc,*'  Fabricius  ab  Aquapendente  ( 1600)  collected  the  materials 
known  for  the  history  of  the  development  of  the  chick.  Regner  de  Graaf  described  more  care- 
fully the  follicles  which  bear  his  name,  and  he  found  a  mammalian  ovum  in  the  Fallopian  tube. 
Swammerdam  (f  1685)  discovered  metamorphosis,  and  he  dissected  a  butterfly  from  the  chrysalis 
before  the  Grand  Duke  of  Tuscany.     He  described  the  cleavage  of  the  frog's  egg.     Malpighi 

if  1694)  gave  a  good  description  of  the  development  of  the  chick  with  illustrations.  Hartsoecker 
1730)  asserted  that  the  spermatozoa  pass  into  the  ovum.  The  first  half  of  the  l8th  century  was 
occupied  with  a  discussion  as  to  whether  the  ovum  or  the  sp>erm  was  the  more  important  for  the 
new  formation  (the  Ovulists  and  Spermatists)  ;  and  also  as  to  whether  the  foetus  was  formed  or 
developed  within  the  ovum  (Epigenesb),  or  if  it  merely  increased  in  growth.  The  question  of 
spontaneous  generation  has  been  frequently  investigated  since  the  time  of  Needham  in  1745. 

New  Epoch. — A  new  epoch  began  with  Caspar  Fried.  Wolff  (1759),  who  was  the  first  to 
teach  that  the  embryo  was  formed  from  layers,  and  that  the  tissues  were  composed  of  smaller 
parts  (corresponding  to  the  cells  of  the  present  period).  He  observed  exactly  the  formation  of 
the  intestine.  William  Hunter  (1775)  described  the  membranes  of  the  pregnant  uterus.  Soem- 
mering (1799)  described  the  formation  of  the  external  human  configuration,  and  Oken  and 
Kieser  that  of  the  intestines.  Oken  and  Goethe  taught  that  the  skull  was  composed  of  vertebrae. 
Tiedemann  described  the  formation  of  the  brain,  and  Meckel  that  of  monsters.  The  basis  for 
the  study  of  the  development  of  an  animal  from  the  layers  of  the  embryo  was  laid  by  the  re- 
searches of  Pander  (i8i7),Carl  Ernst  v.  Baer  (1828-1834),  Remak,  and  many  other  observers ; 
and  Schwann  was  the  first  to  trace  the  development  of  all  the  tissues  from  the  ovum.  [Schleiden 
enunciated  the  cell-theory  with  reference  to  the  minute  structure  of  vegetable  tissues,  while 
Schwann  applied  the  theory  to  the  structure  of  animal  tissues.  Amongst  those  whose  names  are 
most  prominent  in  connection  with  the  evolution  of  this  theory  are  Manin  Barry,  von  Mohl,  Lej'- 
dig,  Remak,  Goodsir,  Virchow,  Beale,  Max  Schultze,  Briicke,  and  a  host  of  recent  observers.] 
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APPENDIX  B. 

COMPARISON  OF  THE  METRICAL  WITH  THE  COMMON  MEASURES. 

By  Dr.  Warren  De  La  Rue. 


MEASURES  OF  LENGTH. 


Millimetre 
Centimetre 
Decimetre  . 
Metre  .   .   . 
Decametre 
Hectometre 
Kilometre  . 
Myriomctre 


In  English  Inches. 


0.03937 

0.39371 

393708 

39-37079 
393.70790 

3937  07900 

39379.79000 

39370790000 


In  Enslish  Feet 
=12  Inches. 


In  English  Yards 
=3  Feet. 


0.0032809 

0.0328090 

0.3280899 

3.2808992 

32.8089920 

328.0899200 

3280.8992000 

32808.9920000 


0.0010936 

0.0109363 

0.1091633 

>  0936331 

10.9363310 

>o9  3633100 

1093.6331000 

10036.3310000 


I  Inch— >  2.539954  Centimetres.  |  i  Foot  — 3.0479449  Decimetres.  |  x  Yard  —  0.9x438348 


MEASURES  OF  CAPACITY. 


Millilitre  or  cubic  centimetre  .   . 
Centilitre  or  10  cubic  centimetres 
Decilitre  or  100  cubic  centimetres 
Litre  or  cubic  decimetre    .... 

Decalitre  or  centistere 

Hectolitre  or  decistere 

Kilolitre  or  stere,  or  cubic  metre 
Myriolitre  or  decastere 


In  Cubic  inches. 

0.061027 

0.610271 

6.102705 

61.027052 

6x0.270515 

6102. 705152 

61027.051519 

610270.5x5194 


In  Cubic  Feet  =»i, 728        In  Pints=34  65933 
Cubic  inches.  Cubic  lodxs. 


0.0000353 
0.0003532 
0.00353x7 
0.0353166 
0.353x658 
3.53X658X 
35.3165807 
353.1658074 


0.00x761 
0.017608 

0.176077 

1-76  773 

»7-.fc7734 

>  76  077341 

»76o.7734M 
>76o7-734»4o 


X  Cubic  Inch  —  X6.3861759  Cubic  Centimetres.  |         x  Cubic  Foot  —  28.3x53 XX9  Cubic  Decimetres, 

The  UNIT  OF  VOLUME  is  X  Cubic  Centimetre. 


MEASURES  OF  WEIGHT. 


In  English  Grains. 


Millieramme 
Centigramme 
Decigramme 
Gramme     .   . 
Decagramme 
Hectogramme 
Kilogramme  . 
Myriogramme 


0.0x543a 
0x54323 

«.  543935 

«5.432349 

154.323488 

1543234880 

J 5432  348800 

X  54323. 488000 


In  Troy  Ounces 
=480  Grains. 

0.000032 
0.000322 
0.0032x5 
0.032 151 
o  321507 
3.2x5073 
32.150727 
32X. 507267 


In  Avoirdupois  fik 
^7,000  Grains. 

O.O0OQQ22 
0.0000930 
0.0009205 
0.0022046 

0.02204  A« 
0.2204621 

2  2046213 
22.0462X26 


(I 


The  UNIT  OP  MASS  in  the  metrical  system  is  x  Gramme,  which  is  the  mass  or  weight  of  x  Cubic  CcDiii^fi* 
c.c.)  of  water  at  4O  C.,  i.^.,  at  its  temperature  of  maximum  density. 


CORRESPONDING  DEGREES  IN  THE  FAHRENHEIT  AND  CENTIGRADE  SCALES. 


I 
Fahr.     Cent.         Fahr.    Cent. 


500O  ...260P.0    '       i4o<^ 


450" 
400° 

350° 
300O 

aia® 
210° 

205O 

aoo° 

1950 
190° 

185° 
x8oO 

175° 
170O 

165O 

160O 

J  55° 
150° 

145° 


...232O.2 
...204O.4 
...176O.7 
..:i480,9 
...looP.o 
...  980.9 
...  96°.! 

...  93-\3 

...  90O.5 
870.8 


135'' 
130^ 
1250 
120^ 
xx5^ 
110*^ 
io5<^ 


...  60O.0 
...  57°.2 
•..  54°.4 
...  5i°.7 
...  48O.9 
...  460.1 
...  43°.3 
...  40*^.5 


100° ...  370.8 


95^ 


85O.0 
S2O.2 

76°.  7 

73°.9 
710,1 

68O.3 

65°.  5 
62O.8 


...  35°.o 

-.  32°.2 

29O.4 


90" 

85° 

80O  ...  26O.7 

75*^ 
70O 

65O  ...  18O.3 
60O 

55° 

K 
45° 


...  230.9 

...  2|0,i 


••  I5°.5 
...  X2O.8 

...  io°.o 

...      7°.2 


Fahr 
400  .. 

32°.. 
30°  .. 

25°.. 
20O  .. 

15°.. 
xoO  .. 


—  5" 
— loO 

-X5° 
— 20O 
— 25O 
-300 

-K 
-400 

-45° 
-50° 


Cent. 

4°.4 
1O.7 

oOo 

-  xo.x 

--3°.9 

—  6O.7 

— 12O.2 
— X5°.o 
— X7O.8 
— 20O.5 

-23°.3 
— 26O.1 

— 28O.9 

-3i°7 
-34°-4 
-37O.2 
_4oOo 
— 42O8 

-45°.e 


Genu      Fahr.    1    Cent.     Fahr.        Cenu    Fthr. 


xooP  ...aia°.o 
980  ...2o8°.4 
96°  ...204O.8 
94O  ...aoiO.2 
92O  ..,1970.6 
00P...194O.O 
88O  ...190O  4 
86O...186O.8 
84O  ...x83°.2 
8aO  ...1790  6  j 

8o°...i7e°.o  I 
78O  ...172O  4 

76°  ...168O.8  I 
74^  ...X65O.2  ' 
72O  ...i6x0.6 
70^  ...Xi58°.o 
680  ...X540.4 

66O,..i5o0  8 
64°  ...147O.2  ' 
62°  ...1430.6 


6oO.„ 

58«.„ 

56°... 

54°  ... 
52O  ... 

480... 
460  ... 

44°  ... 
42O  ... 

40°  .« 

38°  ... 
36O  ... 

34  ... 
32°  ... 

30<> ... 
280... 

26°  .- 
240  ... 
220  ... 


140^.0 

36°.4 
32O.8 
29O  2 
25°. 6  ' 

180.4  I 

X4°.8 
XX*>.2 

070.6  , 

04°.o  j 
000.4  ' 
960.8  ' 
93O.2 

%i 

atlr.O 

82O.4 

78O8 

75°-2 
7X°6 


aoo .«  68^.0 

18O  ...  64°.4 
x60  _  (kfiJi 

~57°.=» 

-53°  6 

...  4fi°-4 
..-4^S 

.„39°J 

^»8°.4 


14" 
120 

lOO 

ep 

4** 

2° 
_   -.0 


2t0.8 


—  4^ 

—  60 

—  SO  ...  xjo^ 
—10°  —  i4°.o 

— 12O  ...  iqO^ 


-.    6P.S 
3°-« 


—14* 
— x60 

— iS®  --0P4 
-— 4°-0 


To  turn  C9  into  Fo,  multiply  by  q,  divide  by  5,  and  add  32O. 
To  turn  Fo  into  C°,  deduct  32,  multiply  by  5,  and  divide  by  t 
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Abdominal  muscles  in  respi- 
ration, 208 
Abdominal  reflex,  812 
Abducens,  754 
Aberration,  chromatic,  962 
"  spherical,  962 

Abiogenesis,  1059 
Absolute  blindness^  896 
Absorp>tion  by  fluids,  46 
by  solids,  46 
influence  of  nervous 

system,  379 
organs  of,  362 
Absorption  of — 
carbohydrates,  374 
coloring  matter,  376 
digested  food,  370 
effusions,  399 
fets,  376 
fat  soaps,  375 
fatty  acids,  378 
forces  of,  370 
grape-sugar,  374 
inorganic  substances,  372 
nutrient  enemata,  379 
oxygen  by  blood,  226 
particles,  376 
peptones,  374 
solutions,  372 
sugars,  374 

unchanged  proteids,  375 
Absorption  jaundice,  341 

"         spectra,  25 
Accelerans  nerve,  851 
in  frog,  854 
Accommodation  of  eye,  953 
defective,  960 
force  of,  960 
for       tempera- 
ture, 422 
line  of,  957 
nerves  of,  955 
phosphene,  971 
range  of,  958 
range  to  force 

of,  961 
spot,  970 
time  for,  957 
Accord,  1025 
Acetic  acid,  485 
Aceton,  517,  530 
Acetylene,  30 
Achromatin,  1087 
Achromatopsy,  986 
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Achroodextrin,  261 
Acid-albumin,  477 
Acid-hcematin,  30 
Acids,  free,  473 
Acoustic — 

**       formula,  759 
*<       hyperalgia,  759 

"         nerve,  759 
tetanus,  698 
Acquired  movements,  893,  903 
Acrylic  acid  series,  485 
Action  currents,  703,  715 

"       from  heart,  707 

'  *      of  muscle  and  nerve,  705 
Active  insufficiency,  641 
Acute  decubitus,  735 
Adamkiewicz's  reaction,  475 
Addison's  disease,  1 81,  735 
Adelomorphous  cells,  292 
Adenin,  489 
Adenoid  tissue,  389 
Adequate  stimuli,  931 
Adipocere,  462 
Adipose  tissue,  460 
Adventitia,  109 
i^£gophony,  214 
Aerooes,  349 
iEroplethysmograph,  200 
iSsthesiometer,  1049 
.^thesodic  substance,  815 
AflTerent  nerves,  736 
After-birth,  1122 
Afler-images,  988 
After-pressure,  1053 
After-sensation,  932 
After-taste,  1042 
Ageusia,  1043 
Agminated  glands,  369 
Agoraphobia,  762 
Agrammatism,  906 
Agraphia,  906 
Ague  cake,  177 
Air,  atmospheric,  219 
"    collection  of,  219 
**    composition  of,  220 
expired,  219,  220 
impurities  in,  236 
Air-cells  of  lung,  189 
Air-sacs,  242 
Air-vesicles,  exchange  of  gases 

in,  225 
Albumin  in  urine,  521 
«*        tests  for,  522 
Albuminates,  477 
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Albuminimeter,  523 
Albuminoids,  480 
Albumin  of  ^g,  45,  476 
Albuminous  bodies,  473 
Albumins,  476 
Albuminuria,  521 
Albumoses,  302,  303 

"  on  blood,  37 

Alcohol,  447,  448 

action  of,  in  digestion, 

357 
on  temperature,  427 

j  Alcoholic  drinks,  447 

Alcohols,  487 

Alcool  au  tiers,  10 

Aleurone  grains,  479 

Alexia,  908 

Alimentary  principles,  243 

Alkali-albumin,  477 

Alkali-bsematin,  30 

Alkaline  fermentation,  520 

Alkaloids,  447 

Allantoin,  489,  514 

Allantois,  1096 

Allochiria,  1055 

Allorhythmia,  127 

Alloxan,  510 

Alm6n*s  test,  526. 

Alteration  theory,  714 

Alternate  hemiplegia,  830 

"        paralysis,  830,  917 

Alternation  of  generations,  1060 

Alveoli  of  lung,  189 

Alvergniat's  gas-pump,  49 

Amaurosis,  741 

Amblyopia,  741 

American  crow-bar  case,  867 

Amides,  489 

Amido-acids,  489 

Amido-acetic  acid,  489 

Amido-caproic  acid,  313 

Amimia,  906 

Amines,  489 

A  mitosis,  1087 

Ammonia  derivatives,  489 

Ammoniaemia,  548 

Amnesia,  906 

Amnesic  aphasia,  906 

Amnion,  1096 

Amniota,  1096 

Amniotic  fluid,  1096 

"        sac,  1096 

Amoeboid  movements,  16,  17 

Ampdre,  688 
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Ampere's  rule,  689 

Amphiarthroses,  638 

Ampho -peptone,  302 

Amphoric  sounds,  213 

Ampullar   of   semicircular    ca- 
nals, 1022 

Amygdalin,399 

Amyloid  substance,  479 

Amylopsin,  312 

Amylum,488 

Anabiosis,  1059 

Anacrotism,  129 

Ansemia,  57,  58 

"        metabolism  in,  58 

Anaerobes,  349 

Anaesthesia  dolorosa,  1056 

Anaesthetic  leprosy,  735 

Anaesthetics,  1057 

Anabolic  nerves,  736 

Anabolism,  429 

Anakusis,  760 

Analgesia,  818 

Analgia,  1057 

Anamnia,  1096 

Anapnograph,  200 

Anarthria,  906 

Anasarca,  399 

Andral  and  Gavarret's  appara- 
tus, 218 

Anelectrotonus,  716 

Aneurism,  134,  135 

Angiograph,  118 

Angiometer,  128 

Angioneuroses,  863 

Angle  of  convergence,  1002 

Angular  gyrus,  896 

Anidrosis,  570 

Animals,  characters  of,  xlii 

Animal — 

"      heat,  402 

*'      magnetism,  873 

**      starch,  325 

Anions,  690 

Anisolropous  substance,  579 

Ankle  clonus,  813 

Anode,  690 

Anosmia,  738 

Antagonistic  muscles,  641 

Anthracometer,  217 

Anthracosis,  193 

Anti-albumin,  303 

Antiar,  loo 

Anti-emetics,  283 

Antihydrotics,  568 

Antipeptone,  302,  478 

Antiperistalsis,  284 

Antipyretics,  424 

Antisialics,  257 

Aortic  valves,  63 

**  insufficiency    of, 

129 

Aperistalsis,  287 

Apex-beat,  71 

Apex-preparation,  97 

Aphakia,  944 

Aphasia,  906,  907 
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Aphonia,  663 

Apnoea,  839 

Appreciable  distance,  smallest, 

105 1 
Appunn's  apparatus,  1029 
Apselaphasia,  1056 
Aphthongia,  664 
Aqueous  humor,  945 
Arachnoid  mater,  925 
Archiblastic  cells,  1092 
Area  opaca,  1085 

**    pellucida,  1070,  1085 

"     vasculosa,  1086 
Argyll  Robertson  pupil,  965 
Arhythmia  cordis,  66 
Aristotle's  experiment,  105 1 
Aromatic  acids,  486 

ethereal    compounds, 

5>9 
oxyacids,  489 

Arrector  pili  muscle,  562 

Arrest  of  heart's  action,  147 

Arterial  blood,  54 

Arterial  tension,  1 24 

Arteries,  108 

blood  pressure  in,  143 
central,  879 
development  of,  1 1 10 
division  of,  1 14 
emptiness  of,  855 
ligature  of,  1 14 
physical  properties  of, 

"3 

rhythmical  contraction 

of,  860 
sounds  in,  162 
structure  of,  108 
termination   in  veins, 

159 
Arteriogram,  119 

Arthrodial  joints,  638 
Articular  cartilage,  637 
Articulation    nerve-corpuscles, 
1046 
"  positions,  662 

Artificial   cold-blooded   condi- 
tion, 427 

eye.  952,  973 
digestion,  358 

gastric  digestion,  304 

gastric  juice,  301 

katalepsy,  873 

respiration,  235 

Marshall  Hall's  me- 
thod, 235 

Sylvester's  method, 

selection,  11 24 
vowels,  1030 
Ascites,  399 
Aspartic  acid,  489 
Asphyxia,  232,  235,  840 

artificial    respiration 

in,  235 
recovery  from,  235 
spasm,  866 
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Aspirates,  662 
Aspiration  of  heart,  150 
"         thoracic.  150 
•*         ventricles,  67 
Assimilation,  429 
Associated  movement,  996 
Astatic  needles,  690 
Asteatosis,  571 
Asthma  nervosum,  770 

•*       d3rspepticoni,  771 
Astigmatism,  963 

"  correction  of,  963 

"  test  for,  963 

Atavism,  1 1 24 
Ataxaphasia,  906 
Ataxia,  776,  893,  904 
Ataxic  aphasia,  906 

**     tsd>es  docsalis,  818 
Atelectasis,  215 
Atmospheric  pressure,  240 
'*  diminution  of,  240 

"  increase  of,  241 

Atresia  ani,  1096 
Atrophy,  643 

"        of  the  (ace,  754 
Atropin,  604 

on  eye,  966 
on  salivary  glarkds,  254 
on  smooth  nrasde,  604 
Attention,  time  for,  872 
Audibility  of  notes,  1026 
Audible  tones,  1026 
Auditory  after- sensatkms»  1034 
area,  897 
aurx,  898 
centre,  910 
ddusions,  760 
hairs^  1022 
meatus,  loio 
nerve,  1008 
ossicles,  10 13 
paths,  89S 
perceptions,       1024, 

^033 
limits  of,  1026 

variations  of,  1026 

vesicle,  11 22 

Auerbach's  plexus,  280,  287 

Augmentor  nerves,  854 

Auricles  of  heart,  59, 61,  66-6S 

**       development  of,  nog 

Auriculo-ventricular  valves,  63 

Auscultation  of  heart,  89 

"  of  lungs,  209-214 

Automatic  excitement,  7S5 

Autonomy,  873 

Auxocardia,  102 

Avidity,  299 

Axis  of  vision,  977 
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Bacillus,  58,  349.  355 

acidi  lactici,  350 
anthrads,  57 
butyricus,  350 
subdlis^  351 
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Bacillus,  synxanthus,  440 

**        tubercle  and  others, 

237 
Bacteria,  58,  353 
Bacterium,  58,  349 
aceti,  350 
coli,  356 
foetidum,  571 
lactis,  355 
Ball  and  socket  joints,  638 
Banting  cure,  463 
Barsesthesiometer,  1052 
Basal  ganglia,  911 
Basedow's  disease,  180,  863 
Bases,  473 

Basilar  membrane,  1024 
Bass-deafiiess,  1027 
Batteries,  galvanic,  687 

bichromate,  692 
Bunsen*8,  692 
Daniel I's,  692 
Grennet's,  692 
Grove*s,  691 
Leclancbi's,  693 
Nae-D5rffel,  693 
Smee's,  692 
**        storage,  693 
Beats,  1032 

isolated,  1032 
successive,  1032 
Bed-sores,  735 
Beef  tea,  443 

Beer,  449 
Bell's  law,  774 

"     deductions  firom,  775 

"     paralysis,  758 
Benzoic  acid,  513 
Bert*s  experiment,  726 
Bidder's  ganglion,  92 
Bilateral  movements,  892 
BUc,  333 

"    acids,  333 

cholesterin  in,  336 
constiiutents  of,  333,  337 
cr3rstallized,  334 
ducts,  323 
*•      ligature  of,  325 

**    effects  ot  drugs  on,  341 

••    elecirol3rsfa  of,  336 

**    excretion  of,  340 

«*    fate  of,  344 

**    functions  of,  342 

«•    gases  of,  337 

**    in  urine,  526 

"    of  invertebrates,  336 

**    passage  of  drugs  into,  340 

**    pigments,  335 

"     Platner's,  334 

••    pressure,  340 

**    reab^orptiiin  of,  340 

**    secretion  of,  337 

**    secretory  pressure  of,  340 

'*    specific  constituents,  338 

"    spectrum  of,  336 

**    substances    passing  into, 
340 
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Bile,  test  for,  334,  335 
Bilharzia,  58 
Biliary  fistula,  339 
Bilicyanin,  335 
Bilifuscin,  335 
Bilious  vomit,  344 
Biliprasin,  335 
Bilirubin,  3a,  335 
Biliverdin,  335 
Binocular  vision,  996 
Biological  law,  1 124 
Biology,  XXXV 
Biot's  respiration,  203 
Birth,  1 122 
Biuret  reaction,  475 
Blastoderm,  1070,  1083 

**  structure  of,  1086 

Blastodermic  vesicle,  1083 
Blastomeres,  1082 
Blastopore,  1083 
Blastosphere,  1082 
Blastula,  1083 
Blepharospasm,  759 
Blind  spot,  974 
Blood,  I 
"       abnormal  conditions,  56 
^*       action  of  reagents,  9 

analysis,  33 

arterial,  54 

carbon  dioxide  in,  53 

change  by  respiration, 
226 

circulation  of,  105 

clot,  35 

coagulated,  30 

coagulation,  35 

color,  I 

coloring  matter,  21 

composition  of,  34 

current,  136 

defibrinated,  36 

distribution  of,  166 

electrical  condition  of, 

731 
elementary  granules,  20 

extractives,  46 
««       fats  in,  45 

fibrin  in,  20,  35, 57 

gases  in,  46 

glands,  170 

heterogeneous,  169 

in  urine,  524 

islands,  II,  1094 

lake-colored,  9 
"       loss  of,  57 

microscopic      examina- 
tion, 3 

nitrogen  in,  54 

odor,  a 

of  hepatic  vein,  54 

of  renal  vein,  55 

of  splenic  vein,  54 

organisms  in,  58 

oxygen  in,  51 

ozone  in, 52 

plasma,  3,  34 
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Blood,  portal  vein,  54 

pressure,  139 

proleids  of,  44 

quanUty,  55,  57 

reaction,  i 
"      salts  of,  46 
"      serum,  36, 45 
**      solvents,  10 

specific  gravity,  2 

sugar  in,  46 
**       taste,  2 
'*      temperature,  3 
"      tests,  31 

**       transfusion  of,  56,  168 
**      transparent,  9 
"      velocity  of,  156 
"       venous,  54 
"       water  in,  46 
Blood-channels,     intercellular, 

112 
Blood-corpuscles — 
"      abnormal  forms,  21 
'*      action  of  reagents  on,  6, 

7.  8,  17 
"      amoeboid      movements, 

16 
"      amphibian,  10 
**     animal,  10 
"      carbon  dioxide  in,  53 
**      chemical      composition, 

21-34 
**      circulation,  159,  160 

"      color,  4,  6 

**      colorless,  15-18 

**      composition,  34 

"      conservation  of,  8 

**      constituents  of,  33 

**      counting,  4 

**      crenation,  6 

decay,  14 

diapedesis,  18,  161 
"      effects  of  reagents,  6,  17 

elliptical,  11 

form,  3,  7 
**      Cowers*  method,  5 
"      histology  of,  6 
**      human,  red,  3 

««        white,  15.  34 
"      intracellular  origin,  13 
"      invertebrate,  11 
*'      isotonic  point,  8 
"      microscopic      examina 

tion,  3,  6 
"      nucleated,  20 
<*      number,  4,  20 
•♦      of  newt,  16 
•*      origin.  If,  12,  13,14 
**      oxygen  in,  51 

parasites  of,  21 

pathological  changes,  20 

proteids  of,  32 

red,  3 
*'      rouleaux  of,  6 
"      size,  3,  21 
"      solvents,  lo 

staining  reagents,  8 
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Blood-corpusci  es — 
"      stroma,  6,  9,  32 
»*      transfusion  of,  56,  168 
*«      transparency,  4 
"      vertebrate,  10 
♦*      weight,  4 
«•      white,  15 

Blood-curreot,  136,  153 
**      in  capillaries,  138,  159 
"      in  small  vessels,  159 
"      in  veins,  162 
"      velocity  of,  153,  156 

Blood-gases,  46-54 
"      estimation  of  O,   CO,, 

and  N,  50-54 
**      extraction,  47 
"      gas-pumps  for,  47-50 
"      quantity,  55 

Blood-glands,  170 

Blood-islands,  11,  1094 

Blood-plasma,  3,  34,  35 

Blood-plates,  19 

Blood-pressure,  139 
arterial,  143 
capillary,  149 
depressor  nerve,  144 
**      effect  of  vagus,  147 
"      estimation  of,  139 
**      how  influenced,  143 
in     pulmonary     artery, 

in  veins,  150 

relation     to    pulse-rate, 

148 
respiratory   undulations, 

144, 167 
tracing,  140 
Traube-Hcring     curves, 

146 
**      variations    in     animals, 

147 
Blood-vessels,  108 

''      cohesion  of,  114 

drugs  on,  112 

elasticity  of,  113 

l3rmphatics,  112 

pathology  of,  1 14 

properties  of,  112, 113 
•♦      structure  of,  107 
Blue  pus,  571 

**   sweat,  571 
Body,  vibrations  of,  135 
Body-wall,  formation  of,  1094 
Bone,  634 

chemical  composition  of, 
634,1108 

callus  of,  469 

effect  of  madder  on,  469 

formation  of,  1 108 

fracture  of,  469 

growth  of,  1 109 

red  marrow,  14 

structure  of,  634 
Bones,  mechanism  of,  634 
B(yttger*s  test.  262 
Boutons  terminals,  1047 
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Bowman's  tubes,  935 

"  glands,  1035 

Box  pulse-measurer,  115 
Boyle's  law,  46 
Brad3rphasia,  906 
Brain,  821 

•*       arteries  of,  927-929 

blood-vessels  of,92  7-929 
development  of,  11 18 
general  scheme  of,  8a  I 
impulses,  course  of^  800 
in  invertebrata,  930 
membranes  of,  925 
motor  areas  or  regions 

of,  882 
movements  of,  926 
of  dog,  886 
pressure  on,  929 
protective  apparatus  of, 

925 
psychiod  functions   of, 

867 
pulse  in,  135 
pyramidal  tracts  of,  800, 

804 
schema  of,  821 
topography  of,  910 
weight  of,  821,871 
Branchial  arches,  1095 

**       clefts,  1095,  1 106 
Brandy,  449 
Bread,  445 

Break  induction  shock,  697 
Brenner's  formula,  759 
Broca's  convolution,  905 
Bromidrosis,  571 
Bronchi,  contraction  of,  194 
"         structure  of,  187 
"        terminal,  188 
Bronchial  arteries,  191 
Bronchial  breathing,  212 

**       fremitus,  213 
Bronchiole,  187-190 
Bronchophony,  214 
Bronchus  extra-pulmonary,  187 
''      intra-pulmonary,  187 
**      small,  188 
Bronzed  skin,  181,  735 
Brownian  movement,  259,  260 
Bruit,  163 

"     de  diable,  163 
Brunner's  glands,  345,  367 
Buchanan's  experiments,  39 
Budding,  1059 
Buify  coat,  36 
Bulb,  830 

Bulbar  paralysis,  837 
Bulbus  arteriosus,  1 109 
Butter,  436 
Butyric  acid,  350,  485 


Cachexia  struma  priva,  179 
Caffein,  447 

Calabar  bean  on  eye,  742 
Calcium  phosphate,  472 
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Calculi,  biliary,  335,  336.  358 
**      salivary,  258 
"      urinary,  534 
Callus,  469 
Calorie,  411 
Calorimeter,  402 
Calorimetry,  411 
Canal  of  cochlea,  1020 
hyaloid,  945 
Nuck,  1 1 16 
of  spinal  cord,  786 
of  Stillmg,  945 
Petit,  944 
Schlemm,  936 
"      semi-drcular,  1021 
Canalis  auricnlaris,  1 109 
'*      cochlearis,  1020 
**      reuaiens,  102 1 
Cane  sugar,  488 
Capillaries,  no,  ZI3 

action  of  silver  u- 

trate  on,  no 
anaDgementof,  159 
blood  -  current   m, 

159 
circulation,  159 

cootractiH^  of  ,  1 1 2, 

"3 
current  in,  138 

development  of,  12 
flow  in,  107 
fonn  ajid  arrange- 
ment of,  159 
fimctioos,  114 
pressure  in,  149 
stigmata  of,  1 10 
velocity  of  Uood  ia, 

156 

Capillary  blood-pressore,  149 

"      electrometer,  702 
Capsule,  external,  914 
Glisson's,  319 
internal,  914,  915 
of  Tenon,  945 
Carbohydrates,  487 

"  absorptkn     oC 

374 
*'  fermentatioo  oC 

350 
Carbolic  acid  urine,  515 

Carbon  dioxide,  condidoiis  af- 
fecting, 22a,  223, 224 
elimination  of,by  bkwd. 

226 
estimation  o£^  50,  217 
excietioo  of,  222 
in  air,  219,  236,  237 
in  bkx>d,  53 
in  expired  air,  220 
where  formed,  229 
Carbonic  oxide-hemoglobb,  3$ 
"      oxide,  30 
**      poisooing  by,  29 
Cardiac  contraction,  loi 
cycle,  66 
<hillness,89 
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C^u-diac  ganglia,  91 
•*       hypertrophy,  69 
impulse,  71 

cause  of,  73 
pathological, 
82 
**       movements,  66-82 
munnurs,  87 
nerves,  91 
nutritive  fluids,  93 
plexus,  91 
poisons,  100 
**       revolution,  30 
**       sounds,  79 
Cardinal  points,  950 
Cardiogram,  71 
Cardiograph,  71 
Cardio-inhibitory  centre,  848 

**      nerves,  848 
Cardio-pneumatic     movement, 

102 
Caricin,  315 
Camin,  442 
Carotid  gland,  182 
Cartilage,  481 

•«  articular,  637 

**  formation  of,  1095 

Casein,  437,  477 
Caseinogen,  437,  477 
Caseoses,  440 
Catacrotic  pulse,  119 
Cataphoric  action,  695 
Cataract,  943 
Cathartics,  291 
Cathelectrotonus,  716 
Catheterizing  the  lungs,  225 
Cathode,  690 
Caudate  nucleus,  911 
Cavernous  spaces,  112 
Cell-albumin,  476 
Cells,  1086 

'<     division  of,  1086,  1088 
Cellulose,  488 

*<         digestion  of,  350 
Cement,  267 

^*        action  of    silver   ni- 
trate on, 1 10 
**        substance,  1 10 
Central  arteries,  880 
Centre,  785 

accelerans,  851 
ano-spinal,  814 
auditory,  897 
cardio-inhibitory,  848 
cilio- spinal,  814 
closure  of  eyelids,  835 
coughing  836 
dilator  of   pupil,  814, 

836 
ejaculation,  815 
erection,  814 
eyelids,  835 
for  coughing,  836 
for  defaecation,  814 
'*      for     mastication     and 
sucking,  836 
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Centre,  for  saliva,  836 
"      gustatory,  898,  91 1 
"      heat-regulating,  865 
**      micturition,  814 
"      olfactory,  898,  911 
"      parturition,  815 
**      respiratory,  837 
"      secretion  of  saliva,  836 
"      sensory,  895 
**      sneezing,  836 
**      spasm,  866 
"      speech,  905 
"      subordinate  spinal,  862 
**      sucking,  836 

swallowing,  836 

sweat,  815,  866 
**      vaso- dilator,  864 
«      vaso-motor,  spinal,  815, 

854 
**        vesico-spinal,  8 1 4 
"        visual,  896 
**        vomiting,  836 
"        of  gravity,  644 
Centrifugal  nerves,  734 
Centripetal  nerves,  736 
Centro-acinar  cells,  309 
Centrum  ovale,  821 
Cereals,  444. 
Cerebellar  ataxy,  924 
Cerebellum,  922 
action  of  electricity  on,  924 
connections  of,  824 
fiinction  of,  922 
pathology  of,  924 
removal  of,  923 
structure  of,  921 
Cerebral  arteries,  879 
epilepsy,  887 
fissures,  dog,  886 
inspiratory  centre,838 
motor  centres,  874 
sensory  centres,  895 
vesicles,  1090 
Cerebrin,  484,  675 
Cerebro-spinsd  fluid,  925 
Cerebrum,  821 

blood-vessels  of,  878 
commissural     fibres 

of,  882 
convolutions  of,  880 
dog's,  885 
eflects  of  stimulation 

of,  900 
epilepsy  of,  887 
excision  of  centres, 

893 
Flourens'    doctrine, 

867 
functions  of,  867 
Goltz's  theory  of,900 
gyriof,87i 
imperfect     develop- 
ment of,  867 
lobes  of,  880 
motor  areas  of,  882, 
901 
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Cerebrum,  movements  of,  926 
nerve-fibres  in,  878 
protective  apparatus, 

925 
removal  of,  868 
sensory  centres,  895, 

908 
structure  of,  874 
sulci  of,  871 
thermal  centres  of, 

899,908 
topography  of,  901 

Cerumen,  566 

Ceruminous  glands,  564 

Cervical  sympathetic,  section  of, 

747 
**        stimulation  of,  747 

Chalazse,  1071 

Charcot's  crystals,  240 

"         disease,  735 
Cheese,  441 
Chemical  aflinity,  xl 

**         constituents  of  body, 

471 
Chess-board  phenomenon,  1002 

Chest,  dimensions  of,  208 

Cheyne-Stokes*     phenomenon, 

202 

Chiasma,  738 

Chitin,  484 

Chloral,  858 

Chlorophane,  943 

Chlorosis,  20 

Chocolate,  447 

Cholsemia,  341 

Cholalic  acid,  334 

Cholasma,  568 

Cholesteraemia,  342 

Cholesterin,  336 

Choletelin,  335 

Cholin,  675 

Cholohaematin,  336 

Choloidinic  acid,  334 

Choluria,  526 

Chondrin,  481 

Chondrigen,  481 

Chorda  dorsalis,  1091 

"       saliva,  253 

"       tympani,      253,     755, 

864 

Chordae  tendinese,  68 

Chorion,  1085 

firondosum,  1098 
laeve,  1098 
primitive,  1085 

Choroid,  936 

"         vessels  of,  938 

Choroidal  fissure,  1 120 

Christison's  formula,  500 

Chromatic  aberration,  962 

Chromatin,  1087 

Chromatophores,  572 

Chromatopsia,  741 

Chromidroses,  571 

Chromophanes,  484,  943 

Chronc^raph,  613 
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Chronology  of  human  develop- 
ment, 1102 

Chyle,  381,  392 

**      movement  of,  396 
quantity  of,  394 
vessels,  379 

Chylous  urine,  533 

Chyme,  301 

Cicatricula,  1070 

Cilia,  573 

**     conditions  for  movement, 

574 
"     effect    of    reagents    on, 

574 
•*     functions  of,  575 

Ciliary  ganglion,  746 
motion,  573 

force  of,  575 
muscle,  937 
"      nerves,  746 
Ciliated  epithelium,  573 
Cilio-spinal  centre,  814 
Circle  of  sensation,  105 1 

"      of  Willis,  927,  928 
Circulating  albumin,  457 
Circulation,  blood,  59 

capillary,  156 
duration  of,  1 58 
first,  1094 
foetal,  iioi 
portal,  59 
pulmonary,  59 
schemata  of,  138 
second,  1094 
systemic,  59 
Circumpolarization,  264 
Circumvallate  papillae,  1041 
Clang.  1025 

Clarke's  column,  791,  801 
Qasmatocytes,  385 
Clasmatocytosis,  385 
Claustrum,  914 
Cleavage  of  yolk,  1082 
"         lines  of,  1082 
«*         partial,  1059 
Cleft  sternum,  79 

**   palate,  1105,  1106 
Clerk  Maxwell's     experiment, 

970 
Climacteric,  1073 
Clitoris,  II 16 

Closing,  continued  contraction, 
721 
"        shock,  697 
Clothing,  419 
Coagulable  fluids,  39 
Coagulated  proteids,  478 
Coagulation  experiments,  42 
Coagulation  of  blood,  35 

accelerated,  38 
amount  of  salts,  42 
BrUcke*s    experi- 
ments, 40 
Buchanan's       re- 
searches, 39 
delayed,  37 
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Coagulation  of  blood,  effect  of 
albumoses,  37 
Hew8on*s  experi- 
ments, 39 
phenomena,  36 
rapidity  of,  38 
Schmidt's  experi- 
ments, 40 
theories  of,  40,  42 
time  for,  36 
Coca,  447 
Cocaine,  966 

Coccygeal  gland,  182,  572 
Cochlea,  1020,  1023 

"        resolution  by,  103 1 
Coelom,  1094 
Coenurus  cerebralis,  1061 
Coffee,  447 
Cog-wheel  sound,  213 
Cold-blooded  animals,  405 
Cold  on  the  body,  426 

**     uses  of,  428 
Cold-spots,  1053 
Collagen,  481 
Colloids,  371 
Coloboma,  11 20 
Color  associations,  1034 
Color-blindness,  986 
•*     acquired,  986 
"    testing,  987 
Color  sensation,  982 
*  *     Hering's  theory,  984 
"    Young- Helmholtz 
theory,  984 
Colored  shadows,  990 
Coloring  matters,  484 
Colorless  corpuscles,  15-19 
Color  top,  988 
"     vision,  984 
**  theories  of,  984 

Colors,  complementary,  982 
contrast,  982 
geometrical  cone,  984 
methods    of     mixing, 

982 
mixed,  982 
perception  of,  981 
saturated,  983 
simple,  982 
Colostrum,  439 
Columella,  1035 
Columns  of  the  cord,  786 
Coma,  diabetic,  332 
Comedo,  571 
Common  sensation,  1056 
Commutator,  723 
Comparative — absorption,  401 
circulation,  182 
digestion,  359 
hearing,  1034 
kidney  and  urine,  556 
metabolism,  490 
motor  apparatus,  648 
nerve  centres,  930 
nerves     and     electro-physi- 
ology, 731 


Comparative — 

peripheral  nerves,  783,  784 

reproduction    and    develop 
ment,  1 123,  1 124 

respiration,  231,  242 

skin,  572 

smell,  1039 

taste,  1043 

temperature,  428 

vision,  1006 

voice  and  speech,  664 
Compensation   of    a    cnrent, 

702 
Complemental  atr,  197 

*'  space,  210 

Complementary  colofs,  982 
Compound  eye,  1006 
Compressed  air,  131 
Conarium,  1118 
Concretions,  355 
Condensed  milk,  440 
Condiments,  449 
Conducting  path  in  spinal  cord, 

799,  ««7 
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"    notritive 

tres  of,  802 
Conduction  in  animal  tissues, 

688 
Conductivity,  724 
Conglutin,  479 
Congo  red,  295 
Conjugate  deviation,  742, 903, 

905 
Conjugated  sulphuric  add,  516 
Conjugation,  1059 
Connective-tissue,  382 

chemistry  of,  469 
spaces,  382 
structure  of,  383 
Consonance,  1032 
Consonants,  660,  662 
Constant  current,  actkm  of,  614 

**        in  therapeutics,  726 
Constant  batteries,  691 
Bunsen's,  692 
Daniell's,  692 
Grennet,  692 
Grove's,  691 
Leclanche's,  693 
Smee's,  692 
Constipation,  358 
Contraction,  cardiac,  tot 
6brillar,  605 
initial,  619 
muscular,  6o8(see 

remainder,  612 
rhythmical,  603 
secondary,  708 
without    metals, 

7<H 
Contracture,  903 

Contrast,  989 

**        colors,  982 

Converging  lenses,  947 

Cornea,  933 
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Cornu  ammonis,  876 
Corona  radiata,  916 
Coronary  arteries,  65 

effects  of  ligature  of, 

plexus,  91 
Corpora  quadrigemina,  917 
Corpulence,  463 
Corpus  callosum,  911 
luteum,  1076 
spongiosum,  1076 
striatum,  911 
Corresponding  points,  996 
Cortical  blindness,  896 
Corti's  organ,  1020,  1023 

"     rods,  1023 
Cotyledons    of   the    placenta, 

1070 
Coughing,  216,  765 

**  centre  for,  836 

Cracked  pot  sound,  211 
Cramp,  1058 
Cranial  flexures,  1090 

"       nerves,  737 
Cranioscopy,  868 
Crassamentum,  35 
Creamometer,  439 
Cremasteric  reflex,  812 
Crepitation,  213 
Crista  acustica,  1022  * 

Croaking  experiment,  808 
Crop,  359 
Crossed  heads,  841 
Crossed  reflexes,  808 
Crura  cerebri,  916 
Crusta,  916 

•*      petrosa,  267 

**      phlogistica,  36 
Crying,  217 
Crystallin,  476,  943 
Crystalline  lens,  943 

development       of, 

1088 
spheres,  1006 
Crystallized  bile,  334 
Crystalloids,  371 
Cubic  space,  237 
Curare,  action  of,  600,  601, 604, 

857 
"       on  motor  nerves,  600, 

604 

Current,  velocity  of,  105 

Cutaneous     respiration,    228, 

565 
sensibility,  1049 

trophic     affections, 

735 
Cuticular  membrane,  268 

Cyanogen,  30 
Cyanuric  acid,  489 
Cylindrical  lenses,  962 
Cynuric  acid,  514 
Cyrtomcter,  209 
Cysticercus,  106 1 
Cystin,  489,  530 
Cytozodn,  8 
72 
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Daily  gains,  429  « 

losses,  429 

quantity  of    gases  res- 
pired, 221 
Daltonism,  986 
Damping  apparatus,  loi  2 
Darl^*s  fluid  meat,  304 
Death  of  a  nerve,  686 
D^bove*s  membrane,  187 
Decidua  reflexa,  1097 
**        serotina,  1098 
"        vera,  1098 
Decubitus  acutus,  920 
Decussation  of  pyramids,  832 
Deep  reflexes,  812 
Defecation,  284 

"  centre  for,  814 

Defibrinated  blood,  36 
Degeneration,  fatty,  329,  464, 

684 
in  spinal    cord, 

799 
traumatic,  684 

Deglutition,  273 

action    on     other 

centres,  278 
apnoea,  840 
Kronecker's  expe- 
riments on,  275 
nerves  of,  277 
nervous    mechan- 
ism, 277 
stages  of,  274 
time  relations,  276 
Deiter's  cells,  795 
Delomorphous  cells,  292 
Demarcation    currents,     703, 

714 

Demilunes,  249 
Demodex  foUiculorum,  566 
Denb's  plasmine,  39 
Dentine,  267 
Dentition,  270 
Depressor  flbres,  859 

•«        nerve,  766,  859 
Derived  albumins,  477 
Deutero-albumose,  478 
Dextrin,  488 
Dextrose,  487 
Diabetes  insipidus,  527 

**        mellitus,  57,  330,  527 
Diabetic  coma,  332 
Dialysis,  372 
Diapedesis,  18,  161 
Diaphanometer,  440 
Diaphoretics,  567 
Diaphragm,  action  of,  205 

'*  movements  of,  1 99 

Diarrhoea,  359 
Diastatic  action,  260,  262,  312, 

347*  483 
Diastole,  66 

Diazo-reaction,  530 

Dichroism,  22 

Dicrotic  pulse,  125 

"      wave,  121 
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Diet,  451 
"    adequate,  454 
«    conditions  for,  452 
*•    effect  of  age  on,  455 
"    effect  of  work  on,  455 

"    fat,  459 
"    flesh,  458 

'*    flesh  and  fat,  460 
*'    mixed,  459 
*'    of  carbohydrates,  459 
*'    quality  of,  451 
**    quantity,  45 1 
Dietaries,  455 
Difference  theory,  714 
Differential  rheotome,  709 

"  tones,  1033 

Diflraction  spectrum,  607 
Diffusion,  370 

circles,  953 
of  gases,  47 
in  lungs,  225 
Digestion,  243 

"   .     artificial,  358 
**        comparative,  359 
*•        during  fever,  358 
'*        historical,  360 
"         in  plants,  360 
Digestive  apparatus,  265 
Dilatation  of  pupil,  centre  for, 

814.  836 
Dilator  pupillse  muscle,  964 
Dilemma,  872 
Diopter,  962 
Dioptric,  962 

**      observations,  946 
Diphthongia,  663 
Diphthongs,  661 
Diplacusis,  1027 
Diplopia,  996 
Direct  cell -division,  1087 
*'    cerebellar  tract,  801 ,  804 
**     vision,  977 
Directing  globules,  1081 
Direction  of  sound  perception, 

«033 
Discharging  forces,  599 

Disc  tactil,  1047 

Discus  proligenis,  1068 

Disdiaclasts,  590 

Displacement   of   the   phases, 
1028 

Dissociation,  228 

Dissonance,  1033 

Distance,  estimation  of,  1003 
**       false  estimate  of,  1003 
**       smallest  appreciable, 
105 1 

Diuretics,  537 

Division  of  animals,  1059 
"  cells,  1086,  1092 

Double  conduction   in   nerve, 

724 
contact,  feeling  of,  1 049 

images,  neglect  of,  998 

vision,  996 

Dreams,  872 
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Drepanidium,  8 

Dromograph,  155 

Dropsy,  399 

Drowning,  235 

Duct  of  Cuvier,  1 1 1 1 
"         Gacrlner.  1 115 

Ductus  arteriosus,  i  loi 
**  cochlearis,  1020 
**     venosus,  I  loi ,  1 1 1 2 

Dura  mater,  925 

Dust  particles,  236 

Dys-albumose,  302 

Dyschromatopsy,  986 

Dyslysin,  334 

Dysperistalsis,  288 

Dyspnoea,  202,  232,  841 
causes  of,  841 
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Ear,  1008 

**     action  of  drugs  on,  1034 
•*     conduction  to,  1008,1019 
'<     development  of,  1 121 
**     external,  loio 
**     external  meatus,  10 10 
**     fatigue  of,  1034 
'*     fineness  of,  1027 
'*     fluids  of,  1024 
*'     in  animals,  1034 
•*     labyrinth  of,  1020 
'*     manometer,  10 19 
**     muscles  of,  loio 
•     ossicles  of,  10 1 3 
*^     speculum,  loii,  1012 
"    t3rmpanicmembrane,ioii 
Earthy  phosphates,  518 
Ebner's  glands,  244 
Eccentric  hypertrophy,  69 
Echo  speech,  873 
Ectoderm,  1083 
Ectopia  cordis,  75,  79 
Efferent  nerves,  734 
Effusions,  399 
Egg  albumin,  45,  476 
Eggs,  441 

Ehrlich's  reaction,  530 
Ejaculation,  centre  for,  815 
Elastic  after-effect,  625 
fibres,  385 

pulse  elevations,  124 
tension  of  lungs,    151, 

196 
tubes,  108 
♦*      tubes,  flow  in,  107, 158 
Elasticity  of  blood- vesseLs,  113 
lens,  955 
muscle,  624 
uses  of,  626 
Elastin,  481 

Electrical  charge  of  body,  731 
currents  of  eye,  710 
glands,  705 
heart,  707 
membranes, 

711 
muscle,  702 
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Electrical  currents,  nerve,  702, 

725 
♦*  «      skm,  '705 

"        fishes,  731 
history,  733 
nerves,  736 
organs,  731,  732 
phenomena  in  plants, 

716 
stimulation  of  eye,970 
*'        variation  during  cer- 
ebral action,  894 
Electricity,  therapeutical  uses, 

726 
Electrodes,  non-polarizable,694 

*'  other  forms,  726 

Electrolysis,  690 

"  of  animal  tissues, 

474 
Electrometer,  702 

Electro-motive  force,  687 
Electro-physiology,  687 
Electro-therapeutics,  726 
Electro- tonic  alteration  of  ex- 
citability, 716 
"  currents,  711 

**  phenomena  in 

conduction,  712 
Electrotonus,  711 

in  inhibitory 

nerves,  718 
in  motor  nerves, 

717 
in  muscle,  718 

in  sensory  nerves, 

718 

muscle  •  current 
during,  712 
Elddin,  558 
Elementary  granules  of  blood, 

20 
Embolism,  39 
Embrace  experiment,  808 
Embryo,  formation  of,  1093 
Emetics,  282 
Emmetropic  eye,  958 
Emotions,  expression  of,  664 
Emptiness  of  arteries,  855 
Emulsification,  315 
Emulsin,  399 
Emulsion,  315 
Emydin,  479 
Enamel,  267,  268 
Enamel-organ,  269 
Enchylema,  1087 
End-bulbs,  1046 

**    organs,  931 

"    plate,  582 
Endocardial  pressure,  69,  79 
Endocardium,  63 
Endochondral  bone,  1 108 
Endoderm,  1083 
Endolymph,  1021, 1024 
Endomysium,  576 
Endoneurium,  672 
Endosmometer,  371 
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Endosmo^s.  370 
Endosmotic  equivalent,  371 
Enemata,  379 
Energy,  conservation  of,  xli 

**        potential,  xli 
Engel mannas  experiment.  731 
Entoptical  phenomena,  968 
pulse,  134,  969 
Entotic  perceptions,  1034 
Enuresis  noctnma.  556 
Enzyme,  260 
Eparterial  bronchi,  187 
Ependjrma,  795 
Epiblast,  1083,  i^^ 

"  structHres     formed 

from,  1088,  1093 
Epicardium,  60 
Epidermal  appendages,  467 
Epididymis,  1062 
Epidural  space,  926 
Epigenesis,  11 24 
Epiglottis,  275 

**         injury  to,  275 
Epilepsy,  866 
Epileptic  zone,  866 
Epineurium,  671 
Epiphysial  cartilage,  1 109 

"        eye.  1006 
Epiphysis  cerebri,  920 
Epithelium  ciliated,  573 
Eponychium,  561 
Equator,  711 
Equilibration,  760 
Equilibrium,  818 
Erectile  hairs,  564 

•*       tissue,  1076 
Erection,  centre  for,  814 
*•       mechanism  of,.  1076 
«*       of  penis,  1076 
Erect  vision.  953 
Ergograph,  632 
Ergostat,  624 
Errhines,  217 
Erythroblasts,  13 
Erythrochloropy,  986 
Erythro-dextrin,  261 

"       granulose,  4&8 
Eshbach's  method,  523 
Eserine,  966 
Ether,  xxxvi 
Eudiometer,  50 
Eucalin,  488 
Euperistalsis,  287 
Eupnoea,  840 
Eustachian  catheter,  10 19 
tube,  1017 
valve.  It  10 
Excised  eye,  967 
Excitability,   action   of   dmp 
on,  816 
**  of  muscle,  509. 

600 
Excitable  points  of  a  nerve.6$r» 
Excito-motor  nerves,  736 
Excretin,  352 
Excretion  of  fsecal  matter,  284 
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Excretory  organs,  491 
Exophthalmos,  781,  863 
Expectorants,  238 
Experimentum  mirabile,  874 
Expiration,  196,  200 

forced,  204 

mechanism  of,  207 

ordinary,  207 
Expiratory  muscles,  205 
Explosives,  663 
Extensor  tetanus,  807 
External  captsule,  914 

genitals,  development 

of,  1 1 16 
secondary   resistance, 

695 
Extra-current,  696 

Extrapolar  region,  717 

Extremities,   development    of, 

1096 

Exudation,  40a 

Eye,  933-««>7 

accommodation  of,  953 
artificial,  952,  974 
astigmatism,  962 
chromatic    aberration   of, 

962 
compound,  1006 
development  of,  1120 
effect    of   electrical    cur- 
rents, 970 
emmetropic,  958 
entoptical  pheDomena,968 
epiphysial,  1006 
excised,  9JS7 
fundus  of,  973 
hypermetropic,  959 
illumination  of,  970 
movements  of,  991 
muscles  of,  994 
myopic,  959 
pineal,  1006 
presbyopic,  960 
protective  organs,  1003 
refractive  power  of,  958 
structure  of,  933 
Eyeball,  axes  of,  991,  992 
movements  of,  991 
muscles  of,  994 
planes  of,  992 
positions  of,  992 
protective    apparatus, 

1003,  1004 
protrusion  of,  991 
retraction  of,  991 
simultaneous      move- 
ments of,  996 
Eye-currents,  710 
Eyelids,  1003 
Eyes  in  lower  animals,  1006 
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Facial  nerve,  754 
Faecal  matter,  354 

"         •»       excretion  of,  284 
Faeces,  354 
Fainting,  70 
Fallopian  tubes,  1074 
Fall-rheotome,  714 
Falsetto  voice,  659 
Faradic  current,  697 

•*       electricity,  697 
Faradization  in  p>andysis,  728 

in  therapeutics,  726 
Far  point,  958,  960 
Fascia  lymphatics  of,  397 
Fatigue  of  muscle,  613,  630 

*«      stuffs,  630 
Fat-cells,  461 
Fats,  485 

absorption  of,  377 
fate  of,  378 
fermentation  of,  35 1 
**     metabolism  of,  459 
"     origin  of,  460 
Fat-soaps,  absorption  of,  375 
Fat-splitting  ferment,  315 
Fatty  acids,  378,  484 
**    degeneration,  329,  464 
"     infiltration,  329 
Febrifuges,  424 
Fechner's  law,  932 
Fehling's  solution,  263,  529 
Female  pronucleus,  1081 
Fermentation,  448 

in  intestine,  348 
test,  264 
Ferments,  482-4814 

fate  of,  348 
organic,  483 
organized,  483 
unorganized,  483 
Fertilization  of  ovum,  1079 
Fever,  423 

**     after  transfusion,  168 
Fibres  of  Tomes,  268 
Fibrillar  contraaion,  605 

"  **  of  heart,  99 

Fibrin,  20,  3?,  478 
**      formation  of,  44 
**      properties,  36 
Fibrin  factors,  41 

•*    sources  of,  43 
Fibrin-ferment,  40,  41 
Fibrinogen,  40,  477 
Fibrinoplastin,  40 
Fibroin,  480 
Field  of  vision,  953 

"  contest  of,  looi 

Filaria  sanguinis,  533 
Filiform  papillae,  1040 
Fillet,  916 
Filtration,  372 
First  respiration,  discharge  of, 

847 
"      effects  of,  onthorax,2i5 

Fish  extract,  443 

Fission,  1059 
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Fistula,  biliary,  339 
"      (gastric,  301 
'*      intestinal,  346 
pancreatic,  311 
pyloric,  298 
Thiry's  346 
»•      Vella's.  346 
Flame  spectra,  25 
Flavor.  452,  1039,  1042 
Fleischl's  haemometer,  24 
Flesh,  442 
Flight,  649 
Floor-space,  237 
Flourens*  doctrine,  867 
Fluid  vein,  163 
Fluids,  flow  of,  in  tubes,  105 

'*      introduction  of,  265 
Fluorescence,  981 

**        in  eyeball,  953 
Fluorescin,  946 
Focal  distance,  947 
**     line,  957 
"     point,  948 
Foetal  circulation,  iioi 
•*     mem*>ranes,  1097 
"  **  formation  of, 

1 102 
Foetus,  1 102 

"      movements  of,  1 103 
Follicles,  solitary,  368 
Fontana's  markings,  676 
Fontanelle,  pulse  in,  134 
Fontanelles,  135 
Foods,  introduction  of,  265 
*<      isodynamic,  402 
**      plastic,  45 1 
"      quantity,  453,  455 
"      respiratory,  45 1 
^<      utilization  of,  446 
**      vegetable,  444 
Food-stuffs,  243 

**  amount  of,  454 

Foramen  ovale,  iioi,  mo 
*<      of  Magendie,  925 
Force  of  accommodation,  960 
Forced  movements,  919 
Forces,  xxxvii 
Fore-gut,  1093 
Formatio  reticularis,  833 
Formative  cells,  1086 
Fovea  cardica,  1094 

"      centralis,  941,  977 
Fractional  heat  coagulation,  45 
Fraunhofer's  line,  25 
Free  acid,  formation  of,  299 

"    acids,  473 
Fremitus,  2x3 
Friction  sounds,  87 
Frog  current,  705 

**    heart  manometer,  96 
Frommann^s  lines,  669,  671 
Frost,  action  of,  426 
Fruits,  446 

Functional  substitution,  868 
Fundamental  n^te,  1012 
tone,  1028 
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Fundus  glands,  292 

Gastric 

juice,  methods  of  ob- 

Fungi, 349 

taining,  300 

Fungiform  papillae,  1040 

« 

secretion  of,  296,  299 

Gastrula,  1083 

Gaule*s  experiment,  8 

Gelatin 

,481 

Gaertner,  ducts  of,  11 15 

« 

peptone,  307,  481 

Galactorrhoea,  435 

(« 

V.  albumin,  459 

Galactose,  487 

Gemmation,  1059 

Gall-bladder,  318 

Genital  cleft,  11 17 

Gallop,  648 

tt 

cord,  1 1 15 

Gall-stones,  358 

(i 

corpuscles,  1046 

Galton's  whistle,  1026 

tt 

eminence,  1 116 

Galvanic  battery,  687 

Genu  valgum,  642 

*•      excitability,  729 

*'     varum,  642 

**       polarization,  691 

Geometrical  color- cone,  983 

Galvano-cautery,  73 1 

Germ  cell,  1059 

Galvanometer,  6:89 

Germ-epithelium,  1067,  1092 

'*            reflecting,  694 

Germinal  area,  1084 

"            thermo-electric. 

i( 

membrane.  1083 

397 

Germinating  cells,  386 

Gal vauo- puncture,  731 

Germs 

in  air,  237 

"       tonus,  680 

Gestation,  period  of,  1 103 

Gamgee's  method,  41 

Giddiness,  761 

Ganglionic  arteries,  879 

Gills,  242 

Gangrene,  736 

Ginglymus,  637 

Gargling,  217 

Girtddds,  organ  of,  11 15 

Gaseous  exchanges,  222 

Girdle 

sensation,  819 

Gases,  absorption  of,  46 

Gizzard,  280 

"     diffusion  of,  47 

Glance 

,  lOOI 

'*     dissociation  of,  227 

Glands 

,  albuminous,  243 

'*     extraction  of,  47 

it 

BIandiQ*s,  244 

'*     in  blood,  46 

t( 

Bowman's,  1035 

"       "    in  arterial  blood,  51 

t( 

Brunner's,    294,   345, 

*•       "    in  body,  472 

367 

••       **    estimation,  47,  49 

(t 

buccal,  243,  244 

•*       "    ozone.  52 

<( 

cardiac,  292 

"       ♦»    total  gases,  51 

(1 

carotid,  92,  1S2 

•'     in  lymph,  230 

«t 

ceruminotis,  564,  566 

**     in  stomach,  308 

It 

changes  in,  250 

*     indifferent,  236 

t( 

classification  of,  246 

'*     irrespirable,  236 

tt 

coccygeal,  181,  572 

**     narcotic,  236 

it 

development  of,  1 1 13 

"     poisonous,  236 

t. 

Ebner's,  244 

**     respired,  196 

ti 

fundus,  292 

Gaskell's  clamp,  95 

it 

gastric,  290 

Gas-pumps,  48,  49,  50 

11 

Harderian,  1006 

"          Alvergniai's,  50 

it 

lachrymal,  1004 

Pfluger's,  48 

it 

Lieberkahn's,  346, 366 

Gasserian  ganglion,  745 

tt 

lingual,  244 

Gas-sphygmoscope,  119 

(t 

lymph,  387 

Gastric  digestion,  301 

ti 

mammary,  433 

"      artificial,  305 

tt 

Meibomian,  566,  1003 

'*      comparative,  307 

t» 

mixed,  244,  1035 

'*      conditions  affecting,  304 

it 

Moll's,  564 

**      fistula,  301 

■  tt 

mouth,  243 

'*      pathological  variations. 

tt 

muco-salivary,  244 

3S6 

if 

mucous,  244 

'•      products  of,  303 

•1 

Nuhn^s,  244 

Gastric  juice,  294 

it 

parotid,  256 

"      action  of  drugs  on,  300 

«♦ 

peptic,  292 

*'      action  on  foods,  305 

tt 

Peycr's,  369 

"       milk,  305 

(t 

pyloric,  293 

"       proteids,  301 

tt 

retro  lingual,  249 

•*           "       tissues,  301, 306 

It 

salivary,  243,  247 

actions  of,  301 

»t 

sebaceous,  564 
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Glands,  secretory,  246 

serous,  243 

solitary,  370 

sub  lingual,  256 

sab-maxillary,  247, 252 

sweat,  564 

tongue,  244 

uterine,  1072 
**       Weber's,  244 
Glandular  nerves,  255 
Glaucoma,  748 
Glia  cdls.  795, 799 
Gliadin,  479 
Glisson's  capsule,  319 
Globin,  477 
Globulins,  476 
Globuloses,  302 
Globus  pal lidus,  914 
Glomerulus,  493 
Glosso-pharyngeal  nerve,  762 
Glossoplegia,  772 
Glossy  skin,  735 
Glottis,  652 
Glucose,  330,  487,  527 

«        tests  for,  263,  528 
Glucoses,  487 
Gluco^ides,  484 
Glutamic  add,  489 
Gluteal  reflex,  81  z 
Gluten,  479 
Glycerine,  485 

"        method,  262 
Glycerin-phosphoric  acid,  486 
Glycero  phosphate  of    neorin, 

33 
Glydn,  489 

Glycocholic  add,  333 

Glycogen,  325,  4J88 

cffecte  of  food,  317 
of  muscle,  328 
preparatioo,  325 
quantity,  327 

Glycogenic  fimction,  327 

Glycogeny,  327 

Glycuronic  add,  489 
'  Glycolic  add,  486 

Glycosuria,  330,  527 

Gmelin-Heintz'  reaction,  335 

Gmelin's  test,  335 

Goblet  cells,  364 

Goitre,  179 

Golgi's  method,  878 

Goll's  column,  803 

Goltz's  balsmcing  experimcBts, 

869 

croaking      expenmest, 

808 
embrace 

808 
oesophagus  experiments, 

279 
view  of  cerebral  action. 
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Gorham's  pupil  photometer,  967 
Gout,  57 
Gower's  tract,  805 


INDEX. 

II4I 

Graafian  follicle,  1069 

Haemoglobin,  composition,  21 

Heart 

,  changes  in  shape,  76 

Gracilis  experiment,  725 

*'         compounds  of,  26, 

it 

chemical  stimuli  on,  100 

Grandry*s  corpuscles,  1046 

30 

ii 

chordae  tendineae,  68 

Granules,  elementary,  20 

»*          crystals,  21 

it 

contraction,   nature   of. 

Granulose,  261 

"          decomposition  of. 

lOI 

Grape-sugar,  330,  488,  527 

30 

n 

defective  sounds,  85 

"          absorption  of,  374 

'*           estimation  of,  23 

it 

development  of,  1 109 

"           estimation  of,  264 

**           nitrates  on,  28 

ti 

diastole,  66 

"          injected  into  blood, 

"          nitric  oxide,  30 

(( 

direct    stimulation    of. 

332 

"          oxygen      com- 

98 

*•           in  urine,  527 

pound,  26 

(( 

drugs  on,  98 

"           tests  for,  263,  528 

"           pathological,  24 

(( 

eflect  of  cutting,  94 

"           volumetric  analy- 

**          preparation,  22 

(t 

**    ligature,  94 

sis,  529 

"          proteids  of,  32 

It 

electrical  stimuli  on,  99 

Gravitation,  xxxvii 

"          reduced,  27 

it 

endocardium,  63 

Great  auricular  nerve,  859 

"          spectrum,  27 

it 

examination  of,  89 

Green-blindness,  986 

Hsemoglobinometer,  23 

it 

fibrillar  contraction,  99 

Green  vegetables,  446 

Haemoglobinuria,  169,  525 

a 

fish,  182 

Grove's  cell,  691 

Haemometer,  24 

ti 

fluids  on,  96 

Growth,  471 

Haemophilia,  37 

ti 

formation  of,  1093 

Guanidin,  614 

Haemorrhage,  57,  58 

it 

frog's,  60,  91 

Guanin,  4S9,  576 

**          death  by,  57 

it 

ganglia  of,  91 

Guarana,  447 

"           effect  on,  855 

it 

gases  on,  100 

Gubemaculum  testis,  1116 

Hemorrhagic  diathesis,  37 

ft 

heat  and  cold  on,  98 

Gudden's  method,  799 

Haidinger's  brushes,  970 

ti 

hypertrophy  of,  69,  70 

Gum,  488 

Hair,  561 

t* 

impulse  and  cause,  71, 

Gustatory  celb,  1042 

•*    cells,  1023 

73 

«*        centre,  898,  909 

*•    development  of,  563 

It 

innervation  of,  90 

"        fibres,  756 

"     follicles,  561 

it 

in  invertebrata,  182 

"        region,  1040 

"          **        nerves  in,  1048 

(( 

intracardiac  ganglia,  91 

**        sensations,  1042 

Halisterisis,  643 

«< 

limits  of,  89 

"                "        subjective. 

Hall's,    Marshall,     respiratory 

tt 

mammalian,  182 

1043 

method,  235 

It 

manometer,  96 

Gymnastics,  642 

Hallucinations,  visual,  74I 

ti 

movements  of,  66 

Gymnotus,  731 

Hammarsten  on  blood-coagu- 

it 

"           persistence 

Gyri,  821 

lation,  42 

of.  88  • 

Harderian  gland,  1006 

it 

murmurs,  88 

Hsemacytometer,  5 

Hare-lip,  1105 

tt 

muscular  fibres,  60 

Hsemadynamometer,  139 

Harmony,  1033 

tt 

myocardium,  63 

Hsematachometer,  155 

Harrison's  groove,  201 

it 

nerves,  92 

Haematin,  30 

Hassall's  corpuscles,  177 

it 

nutritive  fluids,  93 

«*        acid,  30 

Hawking,  216 

ti 

palpitation  of,  70 

"        alkali,  30 

Hayem's  fluid,  8 

tt 

pathological     impulses. 

"        iron  free,  31 

Hay's  test,  335 

82 

Hsematoblasts,  20 

Head-fold,  1093 

it 

pause  of,  66,  69 

Hsematohidrosis,  571 

Head-gut,  1093 

tt 

pericardium,  63 

Hsematoidin,  32 

Heanng,  1008 

»i 

physical  examination  of. 

Haematoma  aurium,  736 

Heart,  60 

89 

Hsematoporphyrin,  31 

"       accelerated  action,  79 

tt 

poisons  on,  100 

Hsematuria,  524 

1      **       acids  on,  98 

it 

position  of  valves,  87 

Haemautography,  119 

"       action  of  fluids  on,  96 

it 

Purkinje's  fibres,  64 

Hsemin  and  its  tests,  31 

**       fu:tion  of  gases,  89 

it 

refractory  period,  93 

Haemochromogen,  30 

**       action  of  poisons  on,  98, 

t< 

regulation  of,  64 

H^mocyanin,  11,  45 

100,  lOI 

(( 

reptilian,  182 

Haemocytolysis,  7 

'*       amphibian,  182 

(( 

respiratory  pressure  on. 

Haemocytoirypsis,  7 

"       apex,  97 

'03 

Haemodromometer,  153 

"       apex-beat,  71 

(( 

section  of,  95 

Haemodynamometer,  139 

"       arrangement   of   fibres. 

1 

sounds  of,  84 

Haemoglobin,  6,  21,  484 

'                  60 

'      (( 

Stannius's    experiment. 

**          amount  of,  24 

**       aspiration  of,  150 

94 

*'           analysis,  21 

'      **       auricle  fibres,  60 

" 

staircase    beats  of,  95, 

**          animal,  24 

**      auricular  systole,  67 

100 

**          carbonic    oxide, 

"       automatic  centres,  92 

(< 

systole,  66 

28 

"             **        regulation,  64 

U 

time  for  movements  of, 

"           colorless,      pro- 

1      "      birds',  182 

77 

teid,  32 

'      **      blood-vessels  of,  64,  65 

it 

valves  of,  63 

73 
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Heart,  ventricular     aspiration, 

67 

ventricular  fibres,  62 
veratrin  on,  98 
wei{;ht,  64 
work  of,  158 
Heat,  xxxix,  402 

balance  of,  420 
calorimeter,  411 
capacity,  411 
**     centres,  416,  417 
conductivity,  413 
dyspnoea,  202,  841 
employment  of,  425 
estimation  of,  41 1 
"     excretion  of, 41 8 

formation  in  muscle,  627 
income  and  expenditure, 
420 
**    in  inflamed  parts,  428 
*'     in  muscle,  627 
"     latent,  402 

*'     production,  4041  421,  899 
regulating  centre,  865 
regulation  of  loss,  417 
•*         of  production, 
416 
**     relation  to  work,  421 
sources  of,  402,  404 
specific,  411 
stiffening,  598 
**     storage  of,  423 
"     units,  xxxix,  403,  411 
**     variations  in  production, 
421 
Helicotrema,  1020 
Heller's  test,  263,  522 

"       blood-test,  526 
Helmholtz's  modification,  697 
Hemeralopia,  741 
Hemialbumin,  303 
Hemialbumose,  301,  302,  478 
Hemianaesihesia,  909 
Hemianopia,  739 
Hemianop>ia,  740 
Hemicrania,  863 
Hemiopia,  740 
Hemipepione,  302,  478 
Hemiplegia,  901 
Hemisystole,  83 
Henle's  loop,  493 

"        sheath,  662 
Hen's  egg,  1070 
Hensen's  experiments  on  the 

cochlei,  1 03 1. 
Hepatic  zones,  320 
Hepatogenic  icterus,  341 
Herbst's  corpuscles,  1047 
Hering's  theory  of  color,  984 
Hermann's    theory    of   tissue 

currents,  714 
Hermaphroditism,  1059 
Herpes,  754 
Hetero-albumose,  302,  478 

"      -xanthin,  511 
Heterologous  stimuli,  931 
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Hewson's  experiment,  39 
Hiccough,  217 
Hippocampus,  876 
Hippuric  acid,  512 

"         **      formation       of, 

513.  543 
Hippus,  742 

Histo-hsematin,  181 

Historical — 

absorption,  401 

circulation,  183 

digestion,  360 

hearing,  1035 

kidney  and  urine,  556 

metabolism,  490 

nerves     and     electro-physi- 
ology, 733 

nerve-centres,  930 

peripheral  nerves,  784 

reproduction    and    develop- 
ment, 1059 

respiration,  242 

skin,  572 

smell,  1040 

taste,  1043 

temperature,  428 

vision,  1007 

voice  and  speech,  665 
Hoarseness,  664 
Holoblastic  ova,  1070 
Homoiothermal  animals,  405 
Homologous  stimuli,  931 
Hooke's  law,  625 
Horopter,  997 
Hot-spots,  1053 
Howship's  lacunae,  1109 
Humor,  aqueous,  946 
Hunger,  456 
Hyalin,  484 
Hyaloid  canal,  945 
Hybernation.  202,  427 
Hybrids,  1080 
Hydatids,  1061 
Hydrsemia,  58 
Hydramnion,  1096 
Hydrobilirubin,  336 
Hydrocele,  399 
Hydrocephalus,  399 
Hydrochloric  aci  I,  295 

**  tests  for,  295 

**  where     formed, 

298 
Hydrocyanic  acid,  29 
Hydrolytic  ferments,  482 
Hydronephrosis,  556 
Hydroparacumaric  add,  489 
Hydroquinon,  516 
Hydro'taiic  test,  195 
Hydroihorax,  399 
Hydroxy- benzol,  516 
Hyocholalic  acid,  334 
Hypakusi<,  760 
Hypalgia.  1057 
Hypanerial  bronchi,  187 
Hyperesthesia,  816 

optica,  741 
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Hyperakusis,  759 
Hyperalgia,  1057 
Hyperdicrotism,  125 
Hypergeusia,  1043 
Hyperglobulie,  56 
Hyperidrosis,  570 
Hyperkinesia,  817 
Hypermetropia,  959 
Hyperoptic,  959 
Hyperosmia,  738 
Hyperpnoea,  233 
Hyperpselaphesia,  1056 
Hypertrophy  of  heart,  69,  70 
*<  of  muscle,  643 

Hypnotics,  873 
Hypnotism,  873 
Hypoblast,  1083 

*'  structures     formed 

from,  109 1. 1093 
Hypogeusia,  1043 
Hypoglossal  nerve,  772 
Hypophysis  cerebri,   182,  920, 

I118 
Hypopselaphesia,  1056 
Hyposmia,  738 
Hypospadias,  1 1 16 
Hypoxanthin,  489 


Ichthidin,  479 
Ichthulin,  479 
Icterus  neonatorum,  341 
Identical  points,  996 
Idio-muscular  contraction,  605 
Ileo-colic  valve,  283 
Ileus,  284 

Illumination  of  eye,  970 
Illusion.  932 
Illusions  of  motion,  988 
Images,  formation  of,  947 
Imbibition  currents,  715 
Impeded  distole,  70 
Impregnation,  1081 
Impulse,  cardiac,  71, 73 
Impulses   in   brain,  course  oC 

826 
Impurities  in  air,  236 
Inanition,  457 
Incisures,  670 
Income,  454 

Inco-ordinated  movements,  776 
Indican,  515 
Indtflerent  point,  716 
Indigo,  515 

blue,  515 

"        carmine  test,  528 
Indigogen,  515 
Indirect  cell-division,  10S7 

"        vision,  977 
Indol,3i3,  352,  489 
Induced  currents,  696,  697 
Induction,  696 
Inductorium,  699 
Inferior  maxillaiy  nerve^  750 
Inflammation,  161 
Inhibition,  nature  of,  81 1 
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Inhibition  of  reflexes,  809 

Inhibitory  action  of  brain,  900 
centres,  810 
nerves,  736,  779 
for  heart,  848 
for  intestine,  289 
for  respiration,  845 

Inion,  911 

Initial  contraction,  619 

Inoi^anic  constituents  of  body, 

471. 
Inosinic  acid,  489 

Inosit,  488 

Insectivorous  plants,  360 

Inspiration,  195,  200 

centre  for,  838 

forced,  203 

muscles  of,  203 

ordinary,  203 

Insufficiency  of  aortic   valves, 

129 

Intelligence,  degree  of,  871 

Intensity  of  a  tone,  1025 

**        perception  of,  1025 

Intercellular      blood-channels, 

112 

Intercentral  nerves,  737 

Intercostal  muscles,  2oiS 

Interference,  1032 

Interglobular  spaces,  268 

Interlobular  vein,  319 

Intermedio-lateral  tract,  791 

Internal  capsule,  914 

polarization,  695 

reproductive     organs, 

"   respiration,  185,  228 
Intestinal  fisiula,  346 
gases,  348 
juice,  345.  347 
"     actions  of,  347 
•♦     nerves  on,  348 
movements,  282 
"     conditions    in- 
fluencing, 287 
•*     influence  '    of 

drugs,  289 
"     influence       of 
nerves,  289 
•*  "     paresis,  288 

Intestine,  283 

**        aniflcial  circulation, 
289 
comparative     length 

of,  283 
development         of, 

1 1 13 
fermentation       pro- 
cesses in,  348 
fungi  of,  349 
^arge,  353,  370 
length  of,  345 
micro-organisms  in, 

353 
reaction  of,  353 

small,  362 
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Intracardiac  nerves,  91 

"  pressure,  99 

Intralabyrinthme  pressure,  1024 
Intralobular  vein,  319 
Intranuclear  network,  1087 
Intraocular  pressure,  945,967 

"  tension y  748 

Intrathoracic  pressure,  214 
Intravascular  hemorrhage,  861 
Inulin,  488 
Inunction,  571 
Invert  sugar,  487 
Inverted  image,  946 
Invertin,  347,  351 
Ions,  690 
Iris,  937 

**    action  of  poisons  on,  966 

"    blood  vessels  of,  937 

"    functions  of,  964 

"    movements  of,  965 

**    muscles  of,  964 

"    nerves  of,  964 
Iron  free  hseroatin,  31 
Irradiation,  989 

**  of  pain,  1056 

Ischuria,  556 
Island  of  Reil,  880 
Isodynamic  foods,  403 
Isolated  beats,  1032 
Isometrical  muscular  acts,  619 
Isotropous,  579 


Jacksonian  epilepsy,  905 

Jacobson's  organ,  1036 

Jaeger's  types,  960 

Jaundice,  340 

Jaw  jerk,  813 

Joints,  637 

arthrodial,  638 
ball  and  socket,  638 
ginglymus.  637 
mechanism  of,  637 
rigid,  638 
scre^v-hinge,  637 
"       spiral,  637 

Jugular  vein  pulse,  1 65 

Juice  canab,  382 
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Karyokinesis,  1087 
Karyoroiton,  1087 
Karyomiiosis,  1087 
Karyopla^ma,  1087 
Katabohc  metabolism,  429 

"         nerves,  736 
Katalepsy,  873 
Rations,  690 
Keratin,  480 
Keratuis,  758 
Keys,  700 

capillary  contact,  701 

friction,  700 

plug,  701 
Kidney,  492 
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Kidney,  blood-vessels  6f,  497 

543 
chemistry  of,  543 

conditions     affecting, 

544 
extirpation  of,  54I 

perfusion    of    blood, 

548 
reabsorption  in,  541 
secretion  by,  535 
structure  of,  493 
vaso- motor       nerves, 

547 
"        volume  of,  546 

Kinesodic  substance,  815 

Kinetic  energy,  402 

**       theory,  761 
Klang  1025 
Knee-jerk,  813 
**    phenomenon,  813 
**    reflex,  813 
Koenig*s    manometric    flames, 

1030 
Koumiss,  440 
Krause's  end-bulbs,  1046 
Kreatin,  489 
Kreatinin,  489,  511 

"       properties,  51 1 

**       quantity,  511 

*•       test,  511 
Kreatinin-zinc-chloride,  511 
Kresol,  489 

Kryptophanic  acid,  517 
Kiihne's  artiflcial  eye,  952 
experiments,  705 
gracilis      experiment, 

725 
pancreas  powder,  314 

sartorius  experiment, 

725 

Kymograph,  139 

i-ick's,  141 

Hering's,  142 

"  Ludwig*s,  139 

Kyphosis,  642 


Labials,  663 

Labor,  power  of,  1 1 22 

Labyrinth  of  ear,  760,  1020 
'*         during         hearing, 
1030 

Lachrymal  apparatus,  1004 
**  glands,  1004 

Lact-albumin,  437,476 

Lacteais,  365,  3&1 

Lactic  acid,  4^6 

fetment,  306 
test  for,  295 

Lactometer,  440 

Lactoprotein,  437 

Lactoscope,  440 

Lactose,  487 

Lsevulose,  487 

Lagophthalmus,  758 

Lambert's  method,  982 
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IiAmina  dorsal  es,  1088 
Lamina  spiralis,  1020 
Language,  906 
l^oline,  566 
Lanugo,  561,  563 
Lapping,  265 
Laraacein,  479 
Large  intestine,  353 

<*  absorption     in, 

353 
Laryngoscope,  656 

I,J^x,65i 

arrangement  of,  650 

cartilages  of,  650,651 

during        respiration, 

657 
experiments  on,  658 

illumination  of,  656 

motor    representation, 

890 

mucous  membrane  of, 

65s 

muscles  of,  652 
nerves  of,  654 
picture  of,  657 
sound    produced     in, 

658 
vocal  cords,  652 
Latent  heat,  402 

"      period,  609 
Lateral  plates,  1092 
Laughing,  217 

Law  of  conservation  of  energy, 
xli 
**     contraction,  719 
**     isolated  conduction,  725 
peripheral       percepiion, 

1048 
specific  energy,  931 
Leaping,  647 
Least    perceptible    difference, 

1057 
Lecithin,  675 
Leech  extract,  $S 
Legumin,  445,  479 
Leguminous  seeds,  445 
Lens,  chemistry  of,  943 
**     crystalline,  943 

development  of,  1 1 20 
of  eyeball,  943 
shadows,  969 
Lenticular  nucleus,  911 
Leptothrix  epidermalis,  571 

**  buccalis,  260 

Leucic  acid,  486 
Leucin,3i3,  489,  530 
Leucoblasts,  13 
Leucocytes,  382,  389 

**  formation  of,  391 

Leucoderma,  735 
Leucomaines,  304 
Leukaemia,  21 
Levers,  640 
Lichenin,488 
Lieben's  test,  517 
Lieberkiihn's  glands,  345 
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Lid)erkiilm's  jelly,  477 

Liebermann's  reaction,  475 

Liebig's  extract,  443 

Life,  xliv 

Limbic  lobe,  899 

Limb  plexuses,  777 

Liminal  intensity,  931 

Line  of  accommodation,  957 

Lines  of  separation,  996 

Ling^s  s]rstero,  642 

Lingual  nerve,  750 

Lipaemia,  57 

Lipochromes,  484 

Liquor  sanguinis,  3,  34 

Lissauer's  zone,  805 

Listing's  reduced  eye,  951 
•*        law,  993 

Liver,  318 

action  of  drugs  on,  322 
bile-ducts,  322 
change  in  cells,  321 
chemical  composition  of, 

325 

cirrhosis  of,  325 

development  of,  11 14 

diastatic  ferment  of,  328 

excision  of,  325 
"      fat  in,  329 

fatty  degeneration  of,  329 

functions  of,  332 

glycogen  in,  325 

glycogenic  function,  327 
"      influence  on  metabolism, 

339 
invert  ferment  in,  329 

pathology  of,  325 
portal  vein,  318 
pulse  in,  165 
regeneration  of,  325 
"      struaureof,  318 
Ix)bes  of  brain,  880 
Locality,  sense  of,  1049 

**        illusions  of,  105 1 
Local  sign,  1052 
Lochia,  1123 
Locomotor  ataxia,  818 
Long  sight,  960 
Lordosis,  642 
Loss  by  skin,  228 

**    of  weight,  457 
Ldwe's  ring,  970 
Ludwig's    diaphragm    experi- 
ment, 397 
Lungs,  185 

air-cells  of,  189 
anatomical  limits,  209 
atelectatic      condition, 

215 
auscultation  of,  201 
before  birth,  215 
blood-vessels,  190 
chemistry  of,  195 
color,  195 
contraction  of,  194 
development  of,  1 1 13 
elastic  tension  of,  196 
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Lungs,  examination  of,  201 

excbion  of,  195 

limits  of,  209 

lymphatics  of^  192 

nerves  of,  194 

percussion  of,  201,  209, 
211 

physical  properties,  195 

pleura  of,  191 

structure  of,  185 

tonus,  194 
Lunule,  560 
Lutein,  484,  1075 
Luxus  consumption,  450 
Lymph,  391 

chemistry  of,  391 

follicles,  387 

glands,  387 

gases  of.  230,  383 

hearts,  398 

movement  o£^  396 

of  serous  cavities,  393 

origin  of,  395 

quantity  of,  394 

spaces,  382 
LjFmphatics,  379 

of  eye,  945 
origin  of,  382,  385 
structure  of,  387 
Lymph- corpuscles,  391 

origin  and  decay  of,  395 
396 


Macrocytes,  21 

Macropia,  742 

Macula  lutea,  941 

Maculse  acusticsc,  1022 

Madder,  feeding  with,  469 

Magnetization  of  iron,  697 

Magneto-induction,  698,  700 

Major-chord,  I025 

Make  induction  shock,  697 

Makrostomia,  1 105 

Malapterurus,  732 

Malt,  449 

Maltose,  261,  488 

Mammalia  implacentalia,  1 102 

**  placentalia,  1102 

Mammary  glands,  433 

changes  in  cells,  434 
development  ot,  435 
structure  of,  435 
Manometer,  139 

for  ear,  1019 

frog,  96 

maximum,  69,  80 

minimum,  69,  80 
Manometric  flames,  1030 
Marey's  sphygmograph,  115 

**       tambour,  79 
Margarin,  560 
Marginal  convolution,  880 
Mariotte*s  experiment,  975 

"         law,  46 
Marrow  of  bone,  15 
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Massage,  642 
Mastication,  266 

"  muscles  of,  •266 

•*  nerves  of,  266 

Mat6,  447 
Matter,  xxxvi 
Maturation  of  ovum,  1080 
Meat  soup,  443 
Meckel*s  cartilage,  1 105 
"         ganglion,  749 
Meconium,  344 
Medulla  oblongata,  830 

functions  of,  835 

gray  matter  of,  833 

reflex  centres  in,  835 

structure  of,  830 
Medullary  groove,  1086 

"         tube,  1090 
Meibomian  glands,  1003 
Meiocardia,  102 
Meissner's    plexus,   279,   287, 

370 
**  touch     corpuscles, 

1044 

Melanzemia,  21 

Melanin,  484 

Mellitsemia,  57 

Mellituria,  57 

Membrane     capsulo-pupillaris, 
1 120 
decidua,  1097 
flaccida,  loil 
reticularis,  1 024 
reuniens,  1095 
secundaria,  1019 
tectoria,  1024 
tympani,  loii 

Membrane  bones,  1 1 04 

Membranes  of  brain,  925 

Meni*re*s  disease,  761 

Menopause,  1073 

Menstruation,  1073 

Mercurial  manometer,  140 

Merkel's  cells,  1047 

*'         corpuscles,  1046 

Meroblastic  ova,  1070 

Mesentery,     development    of, 
1 1 14 

Meaoblast,  1085,  1093 

Mesoderm,  1085 

Mesonephros,  1 1 16 

Metabolism,  429 

during    inanition, 

457 
equilibrium  of,  449 
in  anaemia,  58 
influence  of  work 

on,  455 
of  tissues,  464 
on  flesh  .diet,  458 
peptones,  459 
proteids,  458 

Metagenesis,  1060 

Metakresol,  516 

Metakinesis,  1088 

MeUllic  taste,  1043 
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Metallic  tinkling,  213 
Metalloscopy,  1057 
Metamorphosis,  1059 
Metanephros,  11 16 
Metastatic  thermometer,  406 
Meteorism,  288 
Methaemoglobin,  28 
Method  of  equivalents,  1049 
Methylamine,  489 
Methylene-blue,  674 
Methyl-violet  test,  295 
Meynert's  projecting    systems, 
822 

"         theory,  871 
Microcephalia,  867 
Micrococcus,  58 

"  ure«,  520 

Microcytes,  21 
Micropyle,  1067 
Micro-organisms  in  air,  237 
Microscope,  159 
Micro-spectroscope,  25 
Micturition,  553,  556 

"        centre  for,  814 
Miration  of  ovum,  1080 

Milk,  434.  435 

acids  on,  306 

action  of  drugs  on,  440 

coagulation  of,  437 

colostrum,  436 

composition  of,  438 
**     curdling    ferment,     296, 
299,  306 

digestion  of,  305 

fever,  435,  1123 

globules  of,  436 
"     how  formed,  440 

peptonized,  318 

plasma,  437 

preparations  of,  440 

proteids  of,  437 

rennin  on,  306 

substitutes  for,  439 

sugar,  487 

tests  for,  439 
Millon's  reagent,  475 
Mimetic  spasm,  759 
Mimicry,  664 
Minor  chord,  1025 
Mitosis,  14,  1087 
Mitral  insuflliciency,  82 

"      stenosis,  82 
Mixed  colors,  982 
"       glands,  244 
Modiolus,  1020 
Molecular  basis  of  chyle,  392 
Molecules,  xxxvi 
Molisch*s  test,  263 
Monochromatic  aberration,  962 
Monoplegia,  904 
Monospasm,  905 
Monotonia,  663 
Moore  and  Heller's  test,  263 
Morbus  ceruleus,  mo 
Moreau's  experiment,  348 
Mormyrus,  731 
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Morphology,  xxxvi 
Morula,  1082 
Motion,  illusions  of,  988    ' 
Motor  areas  of  cerebrum,  882 
.   •*       removal  of,  892 
centres,  dog,  882,  886 
excision  of,  894 
ganglionic  cells,  791 
in  man,  891 
in  monkey,  887 
"      nerves,  734 
paths,  825 

points   on  the    surface, 
727,  729 
Mouth,  243 

**       glands  of,  243 
Mouvements  de  manage,  919 
Movements  of  the  eye,  991 
**  acquired,  893  ' 

forced,  920 
inco-ordinated,  776 
Mucedin,  479  * 
Mucigen,  364 
Mucin,  480 
Mucous  glands«  244 
Mucous    membrane    currents, 

705 
Mucous  tissue,  945 
Mucus,  238,  524 

"      effect  of  drugs  on,  238 
"      formation  of,  238,  333 
Mulberry  mass,  1082 
Mulder  and    Neubauer*s  test, 

263 
Mtiller*s  ducts,  11 15 
"        experiment,  104 
**        fibres,  940 
"        valves,  219 
Multiplicator,  689 
Murexide  test,  510 
Murmurs,  cardiac,  87 
**        venous,  163 
Muscse  volitantes,  969 
Muscarin,  851 

«'  on  heart,  98,  100 

Muscle,  576 

"       action  of  acids,  598 
^       action  of    stimuli  on, 

603 
**      action    of    successive 

stimuli,  616 
**       action  of  veratrin,  614 
"  "      water,  598 

**      active  changes  in,  605 
**      arrangement  of,  639 
atrophic    prolijferation 

of,  643 
atrophy  of,  643 
"       blood-vessels  of,  581 
cardiac,  60,  585 
changes    during    con- 
traction, 605 
chemical  composition, 

589 
contraction,  simple,  608 

curare  on,  600 
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Muscle  current,  694 
curve  of,  607 
degenerations  of,  643 
development  of,  585 
"      effect  of  acids  on,  598 
*•       effect  of  Cold  on,  600 
"      effect  of  distilled  water 

on, 598 
"       effect  of  exercise   on, 

642 
"       effect  of  heat  on,  598 
elasticity  of,  624 
electric  currents  of,  702 
excitability  of,  600 
extractives  of,  592,  594 
fatigue  of,  613,  630 
"       ferments,  591 
"       fibrillae,  578 
"       formation  of  heat  in,627 
gases  in,  593    , 
glycogen  in,  ^,^4,  596 
heart,  585 
hypertrophy  of,  643 
"       involuntary,  576 
"      lymphatics  of,  581 
"       metabolism  in,  592 
**       myosin  of,  590 
nerves  of,  582 
nutrition  of,  643 
of  heart,  60, 585 
perimysium  of,  576 
physical  properties  of, 

589 

plasma  of,  590 

plate,  1095 

polarized  light  on,  589 

press,  708 

Purkinje's  fibres,  585 

reaction,  590,  593 

recovery  of,  632 

red  and  pale,  585 
♦*       relation  to  tendons,  58 1 

rhythmical  contraction, 
603 

rigor  mortis  of,  596 
"      rods.  580 
**      sensibility,  580,  627 
**       sensory  nerves,  585 
"       serum  of,  591 
"       smooth,  586 
"       sound  of,  628 

spectrum  of,  585 

spindles,  587 
"       staircase  of,  618 
"       stimuli  of,  603 
"       structure  of,  576 
"       tetanus,  617 
"       tonicity  of,  627,  815 
**       uses  of,  639 
"       volume  of,  605 
"       voluntary,  576 
"       work  of,  622 
Muscle-albumin,  476 
Muscle- current — 

arrangement  for, 
694 
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Muscle-current  theoYies,  713 
Muscles,  diaphragm,  205 
intercostal,  206 
of  eyeball,  994 
of  respiration,  203 
Muscular  contraction  (see  Afyo- 
gram),  607 
action   of  successive 

stimuli,  616 
methods,  607 
rapidity  of,  615 
rapidity  of  transmis- 
sion, 620 
Muscular  energy,  595 
exercise,  223 
sense,  1057 
**       illusions      of, 
1058 
tissue,  576 
work,  622 

laws  of,  622 
relation  to  urea, 

594 
Musical  notes,  1026 

effect  of,  1033 

vibration  curve  of,  1028 

Mutes,  662 

Mydriasis,  742 

Mydriatics,  966 

Myelin  forms,  669 

Myelospongium,  1 119 

Myo-cardiograph,  72 

Myocardium,  60 

Myc^ram,  607,  609 

effect    of    constant 

current  on,  614 

effect  of  fatigue  on, 

613 

effect  of  poisons  on, 

614 
effect  of  veratrin  on, ' 

614  I 

effect  of  weights  on,  I 

6'3  ; 

method  of  studying,  j 

607 
stages  of,  609,  610    . 
Myographs,  607 

*<         analysis  of,  607, 608  | 
Myohsematin,  585 
Myopia,  959  . 

Myoryctes  Weismanni,  589 
Myosin,  590 

**       ferment,  591 
Myosinogen,  477 
Myosis,  742 
Myotics,  966 
Myxoedema,  179,  735 


Nails,  560 
Narcotics,  1057 
Nasal  breathing,  215 

"     timbre,  660 
Nasmyth's  membrane,  268 
Native  albumins,  476 
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Natural  selection,  1 1 14 
Near  point,  958 
NeePs  hammer,  700 
Negative  accominodaiion,  954 
after-images,  988 
pressure,  372 
variation,  705 

in  cord,  709 
in    nerve, 

709 
velocity  of, 

709 
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Nephrozymose,  517 
Nerve-cells,  666 

bipolar.  673 

multipolar,  672 

of  cerebrum,  874 

Purkinje*s,  921 

size  of,  794 

unipolar,  674 

with  capsules.  674 

with  spiral  fibres,  674 
Nerve  centres,    general     func- 
tions, 785 
Nerve- current,  702 

**      arrangement  for,  694 
Nerve-fibres,  666 

action  of  nitrate  of  silver 
on,  671 

axis  cylinders  of,  668 

chemical  composition  oC 
674 

classification  of,  734 

constant  current  in,  679 

death  of,  686 

degeneration  of.  683 

development  of,  672 

division  of,  671 

effect  of  a  constant  cur- 
rent on,  679 

electrical  current  of,  702 
**        stimuli,  679 

excitability  of,  676 

fatigue  of,  683 

Frommann's  lines,  669 

incisures  of,  670 

mechanical  propenies  o(, 
676 

meduUated,  666,  669 

metabolism  of,  676 

fibres,  myelin  of,  669 

neurilemma,  670 

neuro-keratin      sheath, 
671 

nonmedullated,  ^6 

nutrition  of,  682 

Ranvier's  nodes,  670 

reaction  of,  675 

recovery  of,  683 

regeneration  of,  684 

Remak's,  666 

rigor,  675 

sheaths  of,  671 

sizeof.  671,  794 

stimuli  of,  676 

structure  of,  666 
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Nerve-fibres,  suture  of,  685 
terminatioDS  of,  1044 
to  glands,  25^ 
**      transplantation  of,  685 
**     traamatic    degeneration 

of,  684 
•*      trophic  centres  for,  685 
**      unequal   excitability  of, 

680 
**      union  of,  685 
**      unipolar  stimulation,  68 1 
Nenre-impulse,  rate  of,  722 

method    of   measuring, 

723 
modifying      conditions, 

722 

Nerve-motion,  678 

Nerve-muscle  preparation,  704 

Nerves,  734 

ajfferent,  736 

anabolic,  736 

centrifugal,  734 

centripetal,  736 

'*      classification  of,  734 

cranial,  737 

development  of,  1120 

**      double    conduction  in, 

724 

•*      efferent,  734 

"      electrical,  736 

excito-motor,  736 

inhibitory,  736 

intercentral,  737 

"      isolated  conduction,  725 

katabolic,  736 

motor,  734 

peripheral,  734 

reflex,  736 

secretory,  734 

sensory,  736 

"      special  sense,  736 

spinal,  772 

thermic,  736 

trophic.  734 

union  of,  684 

**      vaso-dilator,  863 

vaso  motor,  854,  856 

visceral,  736 

Nerve-stretching,  677 

Nervi  erigentes,  864,  1077 

"      nervorum,  672 

Nervous  impulse,  722 

transmission  of,  722 

velocity  of,  723 

Nervous  system — 

**        formation  of,  11 18 

Nervus  abducens,  755 

accelerans,  851 

accessorius,  771 

acusticus,  759 

depressor,  766 

facialis,  755 

glosso-pbaryngeus,  762 

hypoglossus,  772 

oculomotorius,  741 

olfactorius,  737 


« 


(I 


«< 


(< 


M 


« 


« 


41 


<« 


« 


<t 


*{ 


«t 


tt 


(C 


« 

u 
«« 


ft 


<• 


(i 


i( 


4< 


ft 


*« 


« 


« 


It 


«< 


<t 


<( 


it 


(( 


<i 


ti 


Nervus  opticus.  738 

sympathicus,  777 
trigeminus,  744 
trochlearis,  743 
vagus,  763 
Neubauer's  test,  263 
Neumann's  corpuscles,  20 
Neuralgia,  1057 
Neural  groove,  1088 

**      tube,  1088 
Neurasthenia  gastrica,  357 
Neuroblasts,  11 19 
Neuro-epithelium,  941 
Neuroglia,  795 
Neuro-keratin,  674 

"  sheath,  671 

Neuro- muscular  cells,  603 
Neutral  fats,  485 
New-born   child,  digestion  of, 
300 
pulse,  126 
size,  470 
temperature,  414 
urine  of,  500 
weight,  471 
Nicotin  on  sub-maxillary  gang* 

lion,  752 
Nictitating  membrane,  1006 
Nitrites,  28 

"        on  pulse,  124 
Nitrogen  estimation,  50 
in  air,  219 
in  blood,  54 
given  off,  450 
Noeud  vital,  838 
Noises,  1024 
Non-polarizable  electrodes,  691 , 

694 
Nose,  development  of,  1121 

*'      structure,  1035 
Notochord,  1091 
Nuclear  spindle,  1080,  1087 
Nuclein,  480 
Nucleo-albumins,  482 
Nucleo-plasm,  1087, 
Nucleus,  structure  of,  1087 

"        of  Pander,  107 1 
Number-forms,  1034 
Nussbaum's  experiments,  540 
Nutrient  enemata,  379 
Nyctalopia,  714 
Nystagmus,  919 


Oatmeal,  445 

Oblique  illumination,  973 

Octave,  1025 

Ocular  muscles,  994 

Oculomotorius,  741 

Odontoblasts,  268 

CEdema,  399 

"        cachectic,  400 
"        pulmonary,  216 

(Esophagus,  279 

Ohm's  law,  688 

Oleic  acid,  486 


(( 


Olfoctory  bulb,  1036 
"        cells,  1035 
"        centre,  ^98 
**        nerve,  737 
**       path,  898 
**        sensations,  1038 
**        tract,  1036 
Oligsemia,  57 
Oiigocyihsemia,  58 
Olivary  body,  830 
Omphalo-mesenteric  duct,i093 
**  **         vessels, 

1094 
Oncograph,  175 
Oncometer,  175 

»*  for  kidneys,  546 

Onomatopoesy,  664 
Ontogeny,  1 124 
Opening  shock,  697 
Ophthalmia     neuro  paralytica, 
748 
"  intermittens,  748 

**  sympathetic,  748 

Ophthalmic  nerve,  745 
Ophthalmometer,  952 
Ophthalmosco{>e,  970 
Ophthalmotrope,  995 
Opisthotonos,  807 
Optic  chiasma,  738 
"    nerve,  738,  969 
"     radiation,  738,  916 
**     thalamus,  912 
"     tract,  738 
"     vesicle,  1091 
Optical  cardinal  {X)ints,  949 
Optogram,  980 
Optometer,  960 
Ordinates,  141 
Organic  acids,  484 
**       albumin,  458 
**       compounds,  473 
*•       reflexes,  812 
Organisms  in  blood,  58 
Organ  of  Jacobson,  1036 
Ortho-kresol,  516 
Orthopnoea,  202 
Orthoscope,  973 
Osmasome,  443 
Ossein,  481 
Osseous  system,  formation  of, 

1103 
Osteoblasts,  1108 
Osteoclasts,  1108,  1109 
Osteomalacia,  642 
Otic  ganglion,  751 
Otoliths,  1022,  1024 
Outlying  cells  of  cord,  792 
Ova  holoblastic,  1070 
**   meroblastic,  1070 
**   primordial,  1068 
Ovarian  tubes,  1068 
Ovaries,  formation  of,  1 1 16 
Ovary,  1067 
Overcrowding,  237 
Over- maximal  stimulation,  680 
Ovulation,  1074 
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Ovulation,  theories  of,  1075 

Ovum,  1067 

development  of,  1068 
discharge  of,  1075 
fertilization  of,  1079 
impregnation  of,  1080 
maturation  of,  1080 
structure  of,  1067 
tubal  migration  of,  1080 

Oxalic  acid,  486,  512 
**  series,  486 

Oxaluria,  512, 

Oxaluric  acid,  512 

Oxidation  in  blood,  230 
**         tissues,  229 

Oxy-acids,  516 

Oxyakoia,  758 

Oxygen  in  blood,  51 

"       estimation  of,  50, 218 
"       forms  of,  53 

Oxyhsemoglobin,  25,  51 

Ozone  in  blood,  52 

Pacchionian  bodies,  926 
Pacini's  corpuscles,  1045 

"       fluid,  8 
Pain,  1056 
"     irradiation  of,  1056 
**     spots,  1049 
Painful  impressions,  conduction 

of,  818 
Palmitic  acid,  485 
Palpitation,  70 
Pancreas,  308 

action  of,  312 

•*     on  fat,  315 
artificial      digestion, 

314 
changes  in  ceils,  309 
chemistry  of,  310 
comparative,  312 
development  of,1 1 14 
diastatic  action,  312 
effect  of  nerves  and 

drugs  on,  316 
excision  of,  316 
extracts  of,  315 
fistula  of,  311 
juice  of,  310 
milk- curdling      fer- 
ment, 316 
paralytic    secretion, 

316 
powder,  314 
proteolytic      action, 

312 
putrefactive      phen- 
omena, 313 
sah,  316 
secretion  of,  316 
structure  of,  308 
Panophthalmia,  747 
Pansphygmograph,  71,  117 
Papain,  315 
Papilla  foliata,  1042 
Papillae  of  tongue,  1 040 
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Papillary  muscles,  72 
Parablastic  cells,  1092 
Paradoxical  contraction,  712 
Paraglobulin,  41,44,  477 
Parahsemoglobin,  28 
Parakresol,  516 
Paralgia,  1057 
Paralytic    secretion  of   saliva, 

255 
"         pancreatic  juice,  316 

Paramylum,  488 

Para-oxyphenylacetic  acid,  489 

Para- peptone,  301 

Para-peptones,  303 

Paraphasia,  906 

Paraxanthin,  489 

Parelectronomy,  713 

Paridrosis,  571 

Parodphoron,  1 116 

Parotid  gland,  256 

Parovarium,  1 115 

Parthenogenesis,  1061 

Partial  cleavage  of  yolk,  1091 

'*      pressure,  47 

"      reflexes,  806 

Particles,  xxxvi 

"        absorption  of,  376 

Parturition,  centre  for,  815 

Passive  insufficiency,  641 

Patellar  reflex,  813 

Pavy's  test,  263 

Peclen,  1006 

Pectoral  fremitus,  213 

Pedunculi  cerebri,  916 

Penis,  1076 

"      erection  of,  1076 

Pepsin,  294,  301 

"      where  formed,  297 

Pepsinogen,  297 

Peptic  glands,  292 

'*       changes  in,  298 

Peptic  products,  absorption  of, 

300 

Peptogenic  substances,  300 

Peptone,  302,  303.  478 

-forming  ferment,  296 

injection  of.  37,  375 

metabolism  of,  459 

tests  for,  303 

Peptones,  absorption  of,  374 

**        on  blood,  37 

Peptonized  foods,  317 

*♦         gruel,  318 

"  milk,  318 

Peptonizing  powders,  318 

Peptonuria,  524 

Percussion-hammer,  209 

Percussion  of  heart,  89 

*'  lungs,  209 

sounds,  211 

wave,  120 

Perforating  ulcer  of  the  foot, 

736 
Pericardium,  63 

«*  fluid  of,  63 

Perilymph,  1021,  1024 
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Perimeters,  978 

Perimetric  chart,  979 

Perimetry, '978 

Perhnysium,  60,  576 

Perineurium,  672 

Periodontal  membrane,  269 

Periosteum,  634 

Peripheral  end-organ,  734 

Peristalsis,  283 

Peristaltic  movements,  273 

action  of  blood  00, 

287 
action  of  nerves  on, 
289 

Peritoneum,   develc^XDcnt   of, 
1 1 14 

Perivascular  spaces,  385 

Pernicious  ansemia,  21 

Pes  cerebri,  916 

Pettenkofer's  test,  334 

Pettenkofer*s  apparatns,  220 

Peyer's  glands,  369 
**      patches,  369 

Pflflgcr's  gas-pump,  47 
"  law,  716,  718 
"       law  of  reflexes,  808 

Phagocytes,  19 

Phakoscope,  956 

Phanakistoscope,  988 

Pharyngeal  plexus,  764 

Pharynx,  273 

Phases,  displacement  of,  1028 

Phenol,  352,  487,  489,  515 

Phenol-sulphuric  acid,  515 

Phenol -hydrazin  test,  264, 528 

Phlebogram,  164 

Phloridzin-glycosuria,  331 

Phloro-gludn-vanillin,  295 

Phonation,  654 

Phonograph,  1030 

Phonometry,  212 

Phosphenes,  969 

Phosphoric  acid,  518 

Photo-hsematacbometer,  155 

Photophobia,  759 

Photopsia,  741 

Phrenic  nerve,  205 

Phrenograph,  199 

Phrenological  doctrine,  868 

Phyl(^eny,  11 24 

Physostigmin,  966 

Pbytalbmnose,  479 

Phytomycetes,  532 

Pia  mater,  786 

Picric  acid  test,  523,  528 

PicTO-saccharimeter,  529 

Pigment  cells.  574, 575 

Pincis  myographiques,  620 

Pineal  eye,  1006 
**      gland,  920 

Piotrowski's  reaction,  475 

Pitch,  1025 

Pituitary  body,  182.  920 

Placenta,  1097,  1098 
**        previa,  1 100 

Placental  bniit,  163 
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Planes  of  separation,  992 
Plantar  reflex,  812 
Plants,  characters  of^  xliii 
**      digestion  by,  360 
*♦      electrical   currents  in, 
716 
Plasma  cells,  384 
'*      fibrin,  44 
**      invertebrate,  45 
"      of  blood,  3,  34 
«*      of  lymph,  391 
"      of  milk,  437 
"      of  muscle,  590 
"      proleids  of,  44 
Plasmine,  40 
Plattner's  bile,  334 
Plethora,  56 
Plethysmography,  166 
Pleura,  191 

**      absorption  by,  194 
Pleural  friction,  213 
Plcuro-peritoneal  cavity,  1092 
•Pleximeter,  209 
Plexus  myentericus,  287 
Plexuses,  773 

«        limb,  773 
Pneumatic  cabinet,  131 
Pneumatogram,  201 
Pneumatometer,  215 
Pneumograph,  199 

"  cardiac,  102 

Pneumonia  after  section  of  vagi, 

768 
Pneumothorax,  196 
Poikilothermal  animals,  405 
Points  douloureux,  1057 
Poiseuille's  space,  160 
Poisons  on  heart,  100 
Polar  globules,  108 1 
Polarization,  galvanic,  691 
"  internal,  695 

**  of  electrodes,  691 

**  of  nerve,  712 

Polarizing  after-currents,  712 
Politzer's  ear-bag,  1019 
Polysemia,  56 

apocoptica,  56 
aquosa,  56 
hyperalbuminosa,  56 
polycythaemica,  56 
serosa,  56 
Polygraphs,  72 
Polyopia  monocularis,  964 
Pons  varolii,  917 
Porret's  phenomenon,  589 
Portal  canals,  319 
"     circulation,  59 

system,  development  of, 

1112 
vein  in  liver,  318 
*'   ligature  of,  15 1 
"   tonus  of,  863 
Positive  accommodation,  954 

**       afVer-images,  988 
Posterior  longitudinal   bundle, 
916 
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Potash  salts,  472 
Potassium  chloride,  472 

**        sulphocyanide,  516 
Potatoes,  445 
Precordial  pulsation,  71 
Presbyopia,  960 
Preserved  vegetables,  446 
Pressor  fibres,  857 
Pressure,  arterial,  143 
"        atmospheric,  240 
"        intra  -  labyrinthine, 

1024 
**        of  blood,  139 
**       phosphenes,  969 
"        points,  1052 

respiratory,  214 
sensation   of,    1048, 
1056 
"        sense,  1052 
Presystolic  sound,  87 
Prickle  cells,  558 
Primary  cerebral  vesicles,  1090 
Primitive  anus,  1096 
**        aortae,  1094 
chorion,  1085 
circulation,  1094 
groove,  1085 
kidneys,  1114 
mouth,  1096 
"        streak,  1085 
Primordial  cranium,  1 104 

*'        ova,  1068 
Principal  focus,  947 
Proctodaeum,  1086 
Proglottides,  1060 
Progressive  muscular  atrophy, 

735 
Projection  systems,  82a 

Pronephros,  1116 

Pronucleus,  male,  108 1 

"  female,  1081 

Propepsin,  297 

Proj>eptone,  301 

Prostatic  fluid,  1064 

Protagon,  484,  674 

Protective  apparatus  of  brain, 

925 

Proteids,  473 

*'       animal,  476 

**       coagulated,  478 

coagulation  of,  476 

constitution  of,  476 

**       electrolysis  of,  474 

fermentation  of,  351 

gastric  digestion  of, 

301 

metabolism  of,  458 

pcuicreatic  digestion 

of,  3«4 
**       poisonous,  480 
**       reactions  of,  474 
«       tests  for,  475 
"       vegetable,  479 

Proteolytic  ferments,  482 

Proteoses,  302, 477 

Pk'otists,  XXXV,  xliv 
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Proto-albumose,  302,  478 
Protovertebrse,  1092 
Pseudo-hypertropbic  paralysis, 

735 
Pseudo-motor  action,  756 

Pseudoscope,  looi 

Pseudostomata,  190 

Psychical  activities,  867 

blindness,  896 

deafness,  897 

processes,  time  of 

871 

Psycho-physical  law,  931 
Ptomames,  304 
Ptosis,  742 
Ptyalin,  262 
Ptyalism,  260,  262 
Puberty,  1073 
Puerile  breathing,  213 
Pulmonary  artery,  190 

nerve  plex- 
uses, 194 
pressure  in, 
151 
nervous  system  on, 
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veins,  191 

vessels,  190 

oedema,  216 

Pulmonic  circulation,  59 

"        capacity  of,  139 

Pulp  of  tooth,  269 

**      of  spleen,  171 

Pulsatile  pfaenoment^  134 

Pulse,  115 

*'      anacrotic,  1 28,  129 

•*      brain,  135 

"      capillary,  138 

"      catacrotic,  1 19 

"     characters  of,  126 

conditions  affecting,  126 

curve,  119 

dicrotic,  125 

*'     dicrotic  wave,  1 21 

**      ent  optical,  134 

hard,  123 

hyperdicrolic,  125 

in  aninuds,  127 

in  jugular  vein,  165 

in  liver,  165 

**     influence  of  pressure  on, 

132 

"      influence  of  respiration 
on,  130 

**      instruments   for  investi- 
gating, 115 

*'■     methods  of  investigating, 
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"      monocrotic,  125 

*'      MUller's  experiment  00, 
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"      of  various  arteries,  128 

paradoxical,  132 

pathological,  135 
"     rate,  126,  148 
**      recurrent,  129 
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Pulse,  retinal,  165 

soft,  123 

sphygmogram,  119 

tracing,  119 

tricot  ism,  128 

trigenunal,  127 

Valsalva's    experiment 
on,  131 
'*      variations  in,  126 
**     venous,  164 

waves,  133 

**      velocity  of,  133 
Pulses,  445 
Pulsus  alternans,  1 27 

bigeminus,  127 

caprizans,  125 

dicrotus,  121 

intercurrens,  127 

myurus,  127 

paradoxus,  132 

quadrigeminus,  127 

trigeminus,  127 
Pumping  mechanisms,  397 
Punctum  proximum,  958 
**        remotum,  958 

P«P»1,  956,  957 

action  of  drugs  on,  966 
Argyll  Robertson,  965 
functions  of,  964 
«      movements  of,  965 
"      photometer,  967 
"      size  of,  967 
Pupilometer,  967 
Pui^tives,  289,  290 
Purkinje,  cells  of,  922 
fibres  of,  64 
figure,  969 
Sanson's  images,  955 
Pus-corpuscles,  161 
Putrefaction,  pancreatic,  313 
Putrefactive  processes,  353 
Pyloric  glands,  296 

**  changes  in,  298 

**  fistula,  298 

Pyramidal  cells,  876 

paths,  degeneration 

of,  903 
tracts,  800,  804 
"      degeneration 
of,  903, 
Pyrocatechin,  487,  489,  516 
pyuria,  531 
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"        perception  of,  1027 
Quantity  of  blood,  55 
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Radiation  from  skin,  418 
Raia  batis,  732 
Rftles,  213 

"      moist,  213 
Ramus  communicans,  778 
Range  of  accommodation,  961 
Ranvier's  nodes,  670 
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Reaction  impulse,  74 

200 
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apparatus,     218, 

"       time,  872 

219 

Recoil  wave,  121 

if 

appendix  to,  215 

Rectum,  289 

it 

artifidal,  235 

Recurrent  pulse,  129 
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Biot's,  203 

"         sensibility,  774 

it 

bronchial,  212 

Red  marrow,  13 
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centre  for,  837 

Red-blindness,  986 
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chemistry  of,  217 

Reduced  alkali -bseraatin,  30 
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Cheyne  -  Stokes'* 

**        eye  of  Listing,  951 

202 

"       haemoglobin,  27 
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cog-wheel,  213 

Reducing  agents,  52 
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comparative,  222, 

Reductions  in  intestine,  353 

231 

Reflex  action,  805,  806 
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cosul,  200 

**     influence  of  drugs  on. 
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cutaneous,     228, 

810 

565 

1       «     inhibition  of,  809 

ti 

diaphragmatic 

'*     in  mammals,  808 

type,  200 

*'     movements,  805 
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effect  of  first.  215 

"      Pflilger's  law  of,  808 
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**    of,  on  blood. 

1       "     theory  of,  811 
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"     nerves,  736 

ti 
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**     spasms,  806 

204 

"     tactile,  818 
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first,  847 

"     time,  809 
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forced,  200,  214 

"     tonus,  815 
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gases,  196,  221 

Reflexes,  co-ordinated,  808 
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in  a  cloMd  space, 

"        crossed,  808 

232 

deep,  812 
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in  animals,  198 

"         organic,  812,  814 
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in  limited  space. 

**        spinal,  805,  812 

232 

"        superficial,  812 
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inspiratioQ,     19$, 

"        tendon,  812 
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internal,  228 

Refracted  ray,  948 

ti 

mechanism,  195 

Refraction,  anomalies  of,  958 
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modified  mct%,  216 

Refractive  indices,  948 
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muscles  of,  203 

Regeneration  of  tissues,  466 

it 

nasal,  215 

**           of  nerve,  684 
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number  of,  197 

Regio  ollactoria,  1035 
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of  foreign  gases. 

"      respiratoria,  1035 

236 

Regnault   and   Reiset's    appa- 
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pathological,  213 

ratus,  219 
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penodic,  203 

Regulation  of  respiration,  847 
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Reissner's  membrane,  1020 
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Relative  proportions  of   diet. 
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quotient,  221,  231 

452 

tt 

sounds  of,  212 

Remak's  ganglion,  92 
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time  occupied  by. 

Renal  plexus,  544 

199 

Rennet,  296,  299,  306,  438 
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type  of;  200 

Rennin,  296,  299,  306,  438 
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vesicular,  212 

Reproduction,  forms  of,  I059 

Respiratory 
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Reproductive  organs,  develop- 
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ment  of,  1 1 15 

it 
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Respiratory  effect  of  section  of 
vagi,  838,  842 
**  excitants,  224 

apparatus,  mechan* 

ism  of,  195 
V.  Pettenkofer,  220 
position,  837 
pressure  on  heart, 

103 
quotient,  221,  231 
Rcgnault  and  Rei- 

set,  219 
Scharling,  219 
undulations,  144 
Restiform  body,  830 
Resuscitation,  236 
Rcte  mirabile,  59 
Retina,  939 

^       action  of  light  on,  965 
activity  in  vision,  974 
blood-vessels  of,  941 
capillaries,  noovements 

10,969 
chemistry  of,  943 
epithelium  of,  942 
formation  of  image  on, 

95' 
rods  and  cones  of,  942, 

976 

stimulation  of,  980, 987 

structure  of,  939 

visual  purple  of,  942 

currents,  710 

Retinal  image,  formation  of,  95 1 
"       pulse,  165 
*<      size  of,  952 

Retino8Copy,973 

Retro-lingual  gland,  249 

Reversion,  1124 

Rheocord,  688 

Rheometer,  154 

Rheophores,  726 

Rheoscopic  limb,  704 

Rheosut,  689 

Rheotome,  709,  711 

Rhinoscopy,  658 

Rhodophane,  943 

Rhodopsin,  942,  943 

Rhonchi,  213 

Ribs,  elevation,  206 

Rickets,  642 

Rigid  tubes,  108 

Rigor  mortis,  596,  599 

Ritter*s  law  of  contraction,  718 
<*    opening  tetanus, 7 1 9,72 2 

Ritter.Valli  law,  686 

Rods  and  cones,  942,  976 
"    movements  of,  980 

Rodsof  Corti,  1023 

Rosenthal's  modification,  602 

Rotatory  disc  for  colors,  982 

Rudimentary  organs,  1 124 

Rumination,  360 

Running,  647^ 

Saccharimeter,  264 
Saccharomycetes,  448 
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Saccharose,  488 
Saccule,  1020 

Saccus  endolymphaticus,  1022 
Saflcanftlchen  192 
Saline  cathartics,  291 
Saliva,  action  of  nerves  on,  252 
**      action  of  drugs  on,  254 
*'      action  on  starch,  261 
**      actions  of,  260 
chorda,  253 
composition  of,  259 
effect  of  tea,  263 
functions  of,  261 
mixed,  259 
of  infants,  260 
**      organisms  in,  260 

paralytic  secretion,  255 
parotid,  258 
pathological,  257,  356 
ptyalin,  258,  260 
reflex  secretion  of,  256 
secretion  of,  252 
sublingual,  259 
*•      submaxilUury,  258 
"      sympathetic,  253 
•*      theory  of  secretion,  258 
Salivary  calculi,  258 
**       corpuscles,  259 
**       glands,  247 
**  •*      atropin  on,  254 

devdopment  of, 

1113 

extirpation     of, 

255 
**  «<     histological 

changes  in,  250 

**  "      nerve  of,  251 

Salted  plasma,  35 

Salts,  472 

absorption  of,  372 

in  body,  472 

**    injected  into  blood,  55 
Sanson-ISirkinje^s  images,  955 
Santonin,  987 
Sapidity,  452 
Saponification,  315 
Sarcina  ventriculi,  358 
Sarcoglia,  583 
Sarcojactic  acid,  486 
Sarcolemma,  578 
Sarcolytes,  178,  585 
Sarcoplasts,  178,  585 
Sarcous  elements,  577 
Sarkin,  489 
Sarkosin,  489 
Saviotti's  canals,  310 
Scala  tympani,  1020 

"    vestibuli,  1020 
Scharling's  apparatus,  219 
Scheiner's  experiment,  958 
Schemata  of  circulation,  138 
Schiff's  test,  510 
Schizomycetes,  58 
Schmidt's  researches  on  blood, 

40 
Schreger's  lines,  268 
Schwann's  sheath,  670 
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Sclerotic,  936 
Scolex,  1 06 1 
Scoliosis,  642 
Scotoma,  979 
Screw-hinge  joint,  637 
Scrotum,  formation  of,  1 116 
Scurvy,  57 
Scyllit,  488 
Sebaceous  glands,  564 

"        secretion,  566 
Seborrhoea,  571 
Secondary  circulation,  1094 
contraction,  708 
"  from  a  nerve,  712 
decompositions,  691 
degeneration,  799 
optic  vesicle,  1 1 20 
tetanus,  708 
Secretion   current,  711 
*'        glands,  246 
Secretory  nerves,  734 

**        pressure,  255 
Sectional  aret^  154 
Segmentation  spheres,  5,  1082 
Self-stimulation  of  muscle,  704 
Semen,  competition  of,  1064 
*'      emission  of,  1078 
"       reception  of,  1078 
Semi-circular  canals,  760,  1022 
*•  effects  of  section 

of,  761 
kinetic       theory, 

761 
statical       theory, 
760 
Sensation,  931 
Sense  organs,  931 

**    development  of,  1 1 20 
Sensory  cerebral  centres,  895 
crossway,  8a8 
decussation     in    cord, 
829 
**      paths  to  brain,  826 
"      sensations,  1048 
Senn,  489 
Serosity,  393 
Serous  cavities,  386 
«      glands,  243 
Serum,  extraction  of,  46 
*«      fats  of,  45,  46 
"      of  blood,  36 
*<      poisonous,  46 
"      proteids  of,  45 
Serum-albumin,  45,  476 
Serum-casein,  44 
Serum-globulin,  40,  44,  477 
Setschenow's  inhibitory  centre, 

810 
Sex,  cause  of  difference  of,  1 1 17 
Sexual  reproduction,  1059 
Shadows,  lens,  969 

"         colored,  990 
Sharpey's  fibres,  1 109 
Short-sightedness,  959 
Shunt,  695 
Sialogogues,  257 
Siegle's  speculum,  1012 
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Sighing,  217 
Silver  lines,  1 10 

"     nitrate,  110 
Simple  colors,  982 
Simultaneous  contrast,  989 
Sinuses,  ill 
Sitting,  645 
Size,  470 

"     estimation  of,  looi 

**     increase  in,  470 

**     false  estimate  of,  1003 
Skate,  732 

Skatol.  313,  352,489,  516 
Skin,  557 

"     absorption  by,  571 

**     coriumof,  558 

*'     comparative,  572 

**     currents  of,  705 

•*     epidermis,  557 

**     functions  of,  565 

'*     galvanic  conduction   of, 

571 
**     glands  of,  564 

historical,  572 

lo%  by,  228 

"     pigments,  568 

"     protective  covering,  565 

**     respiration  by,  565 

**     structure  of,  5S7 

**     varnishing  the,  556 

Skull,  formation  of,  1 1 04 

Sleep,  872,  873 

Small  intestine,  362 

absorption    by, 

370 
blood-vessels  of, 

369 
structure        of, 

362 

Smegma,  556 

Smell,  sense  of,  1035 

Smooth  muscle,  586 

Sneezing,  216 

Snellen^s  types,  960 

Sniffing,  1038 

Snoring,  217 

Soaps  injected  into  blood,  376 

Sodium  chloride,  472 

carbonate,  472 

phosphate,  472 

**         salts,  472 

Solar  plexus,  782 

Solitary  follicles,  368 

Soluble  albumin,  476 

Somatopleure,  1092 

Somnambulism,  871 

Sorbin,  488 

Sound,  1009 

**       cardiac,  79 

'*       conduction  to  ear,  1019 

"       direction  of,  1033 

distance  of,  1034 

perception  of,  1033 

reflection  of,  1009 

Sounds,  cardiac,  84 

**       causes,  84 

**       cracked  pot,  21 1 
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Sounds,  respiratory,  213 
tympanitic,  21 1 
variations,  87 
vesicular,  212 
Soup,  443 
Spasm  centre,  866 
Spasmus  nictitans,  759 
Speech,  comparative,  664 

**      historical,  665 
Specific  energy,  980 

"      heat,  41 1 
Spectacles,  961,  1007 
Spectra,  absorption,  25 

"       flame,  25 
Spectroscope,  25 
Spectrum  mucro-lacrimale,  968 
of  bile,  336 
of  blood,  26 
of  muscle,  585 
Sp>eculum  for  ear,  loii 
Speech,  660 

centre  for,  905 
conditions  for,  906 
motor  tract  for,  905 
pathological    variations, 
663 

Spermatin,  1064 
Spermatozoa,  1064 
Spermatoblasts,  1065 
Spermatogonia,  1066 
Sperm-cells,  1059 
Spheno-palatine  ganglion,  749 
Spherical  aberration,  962 
Sphincters,  639 
Sphincter  ani,  284 
"        pupillae,  937 
"         urethrae,  552 
Sphygmogram,  119 
Sphygmograph,  115 

Dudgeon's,  116 
Lud  wig's,  117 
Marey*s,  115 
5)phygmomanometer,  142 
Sphygmometer,  115 
Sphygmoscope,  119 
Sphygmotonometer,  113 
Spina  bifida,  925,  1095 
Spinal  accessory  nerve,  771 

action    of    blood    and 

drugs  on,  816 
ascending  tracts,  803 
anterior  root  of  spinal 

nerve,  792 
blood-vessels  of,  796 
Cayal  on,  797 
central  ependyma,  795 
**      centres  in,  814 
**      column  of  Clarke,  790, 
791,  801 
conducting  paths  in,  799, 

802,  817 
conducting    system  of, 

799 
Spinal  cord,  786 

degenerations  in,   799, 

802 

development  of,  11 19 
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Spinal   cord,  development   of 

tracts,  805 
direct   cerebellar  tract, 

801,804 
exdtabiliiy  of,  815 
fonctions  of,  799 
ganglion,  772,  773 
gelatinous  substance  of 

Rolando,  796 
Golgi  on,  797 
Gowcrs'  tract^8o5 
gray  matter  of,  792 
intcnnedio-lateral  tract, 

791 
Lissaner's  zone,  805 
membranes  of,  786 
motor-cells,  791 
nerve  cells  of,  790 
nerve-roots,  functions  of, 

774,  776 
nerves,  772 
neuroglia  of,  795 
outlying  cells  of,  792 
posterior  root  of 

nerve,  793 
p3rramidal  tracts  of,  799 
reflexes,  805 
regeneration  of,  866 
secondary  degeoeratioB 

of,  802 
segment  of,  806,  828 
sensory  decussation  in, 

829 
structure  of,  786 
time  of  deve1opment,8o$ 
transverse     section    oC 

819 
trophic  centres  in,  802 
unilateral  sectioo  of,  8ao 
vaso  motor    centres  in, 

862 
Woroschiloff 's  ofasem- 

tions,  789 
Spinal  ganglia,  developncnt  o£, 

1 1 19 
Spinal  nerves,  772 

anterior  rods  oC   772* 

776 
experiments  on,  683 
posterior  roots  of,  772, 

777 
Spiral  joints,  638 

Spirillum,  58 

Spirochaeta,  58,  349 

Spirometer,  197 

Splanchnic  area,  861 

"  nerve,  289 

Splanchnopleure,  1092 

Spleen,  170 

action  of  drugs  on,  177 

chemical 

173 
contraction  of,  174 

extirpation  of,  173 

functions  of,  173 

influence  of 
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Spleen  oncograph,  175 
**      regeneration  of,  174 
•*      strocture,  170 
"      tumors  ofy  177 

Splenic  reagents,  174 

Spongin,  481 

Spongioblasts,  1119 

Spontaneous  generation,  1059 

Sp<»es,  349 

Spring  kymograph,  141 
*•      myograph,  608 

Springing,  647 

Sputum,  238 

**        abnormal,  240 
"        normal,  239 

Squinting,  742 

Staircase,  618 

"        pulsations,  95,  100 

Stammering,  664 

Standing,  643 

Stannius's  experiment,  94 

Stapedius,  1016 

Starch,  48S 

**       and  saliva,  261 

Starvation,  456 

Stasis,  161 

Statical  theory  of  Goltz,  760 

Stationary  waves,  loio 

Steapsin,  315 

Stenopaic  spectacles,  962 

Stenosal  murmur,  163 

Stenosis,  82 

Stenson*s  experiment,  597 

StercobiUn,  355 

Stcrcorin,  355 

Stereoscope,  999,  1000 

Stereoscopic  vision,  998 

Sternutatories,  217 

Stethographs,  199 

Stethoscope,  212 

Stigmata,  no 

Stilling,  canal  of,  945 

Stimuli,  599,  603,  604 
adequate,  931 
heterologous,  931 
homologous,  931 
muscular,  603 

SCoffwechsel,  xliv 

Stomach,  280 

action  of  drugs,  300 
cancer  of,  357 
catarrh  of,  357 
changes  in  glands,296 
exclusion  of,  305 
formation  of  acid,  29S 
formation  of  pepsin, 

297 
gases  in,  308 
glands  of,  293 
movements  of,  280 
nerves  of,  280 
non-digestion  of,  307 
structure  of,  291 

Stomata,  1 10,  386 

Stomodaeum,  1086 

Storage  albumin,  451 

Strabbmus,  919 
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Strangury,  556 

Strassburg's  test,  527 

Striae  medullares,  914 

Strobic  discs,  988 

Stroma-Bbrin,  44 

Stroma  of  blood*  corpuscles,  33 

Stromuhr,  154 

Struggle  of  fields  of  vision,  looi 

**       for  existence,  1 1 24 
Struma,  863 

Strychnin,  action  of,  807 
Stuttering,  664 
Subarachnoid  space,  925 
«♦  fluid,  925 

Subcutaneous  injection,  399 
Subdural  space,  925 
Subjective  auditory  perceptions, 

1033 
'*        sensations,  932 

Sublingual  gland,  256 

Submaxillary  ganglion,  252, 75 1 
atropin  on,  254 
nicotin  on,  752 
gland.  247 
saliva,  252 

Substantia  gelatinosa,  789 

Successive  beats,  1032 
**         contrast,  991 
**        light-induction,  991 

Succinic  acid,  517 

Succus  enterictts,  345 

**      action  of  drugs  on,  347 

Succussion,  213 

Suction,  265 

SudoriBcs,  568 

Sugars,.262,  263,  487 
"      absorption  of,  374 
"     estimation  of,  264, 528 
**      injected  into  blood,  374 
"      in  urine,  527 
"      tests  for,  263,  528 

Sttlphindigotate  of  soda,  538 

Summation  of  stimuli,  618,807 

Summational  tones,  1033 

Superfecundation,  1079 

Superficial  reflexes,  812 

Superfoetation,  1080 

Superior  cardiac  nerve,  859 
**        maxillary  nerve,  749 

Supplemental  air,  196 

Supra-renal  capsules,  180 

Surditas  verbal  is,  910 

Sutures,  638 

Swallowing  fluids,  849 

Sweat,  567 

chemical     composition, 

567 
conditions      influencing 

secretion,  568 
excretion  of  substances 

by.  568 
glands,  564 
influence  of  nerves,  568 
insensible,  567 
nerves,  569 
pathological    variations 

of,  570 
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Sweat  centre,  866 

**  spinal,  866 

Swimming,  648 
Sylvester's  respiration  method, 

235 
Sympathetic  ganglion,  777,  779 

"  nerve,  777 

"  **       abdominal, 

782 

"  **     cervical,  780 

"  "     functions  of, 

780 

"  "     nicotin     on, 

782 

"  "    section     of, 

781 

"  "     thoracic,782 

**  cervous      S3rstem, 

development  of, 

1 120 

"  ophthalmia,  748 

Sjrmphyses,  638 

Synchondroses,  638 

Syncope,  70 

Syndesmoses,  638 

Synergetic  muscles,  641 

Synovia,  637 

Synovial  membrane,  637 

Syntonin,  301,  477 

Syrinx,  664 

Systemic  circulation,  59 

"        capacity  of,  139 

Systole,  cardiac,  66,  76 

Tabes,  818 

Taches  cerebrates,  863 

Tactile  areas,  909 

**     corpuscles   of   Merkel, 
1046 

"      reflexes.  817 

"     sensations,  1046 

*•  "  conduction  of,  817 

Taenia,  1060 
Tail-fold,  1093 
Talii>es  calcaneus,  642 

'*      equinus,  642 

**      varus,  642 
Tambour,  Marey*s,  79,  117 
Tanret's  reagent,  523 
Tapetum,  942,  973 
Tapeworm.  1060 
Tapping  experiment,  849 
Taste,  centre  for,  898 

*<      organ  of,  1040 
**      sense  of,  1040 
"      testing,  1043 
Taste-bulbs,  1041 
Taurin,  489 
Taurocholic  acid,  333 

Tea,  447 
"    effect  of,  263 

Tears,  1005 

Teeth,  267 

**      chemistry  of,  269 
development  of,  269 
drugs  on,  271 
eruption  of,  270,  271 
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Teeth,  sensibility  of,  266 

**      structure  of,  267 
Tegmentum,  916 
Teichmann's  crystals,  31 
Telestereoscopc,  1 000 
Telolemma,  584 
Temperature  of  animals,  409 

accommodation 
for,  422 

artificial  increase 

of,  425 
blood,  409 
conditions  affect- 
ing, 410 
estimation  of,  406 
febrile,  424 
how     influenced, 

409 
increase  of,  425 
lowering  of,  427 
post-mortem,  426 
regulation  of,  416 
skin,  409 
spots,  1053 
topography  of409 
variaiions  of,  413 
Temperature*  sense,  1048, 1053 
**        illusions  of,i055 
Tendon,  581 

nerves  of,  588,  1048 
reactions,  813 
reflexes,  812 
structure  of,  587 
Tensor  choroideae,  957 
*'      tympani,  1015 
Terminal  arteries,  159 
Terminations  of  sensory  nerves 

at  the  periphery,  1044 
Testicle,  descent  of,  1 1 16 
Testis,  1061 
Tetanomotor,  677 
Tetanus,  617,  680 

**       number  of  stimuli,  618 
Tetroneryibrin,  45,  484 
Theobromin,  447 
Thermal  centres,  899,  908 
**       conductivity,  413 
"       nerves,  736 
Thermo-electric  methods,  408 
"  needles,  408 

Thermogenesis,  404 
Thermolysis,  418 
Thermometers,  406 

clinical,  406 
maximal      and 
minimal,  406 
metastatic,  406 
outflow,  408 
Thirst,  451 
Thiry's  fistula,  346 
Thomsen's  disease,  616 
Thoracometcr,  209 
Thrombosis,  39 
Thrombus.  39 
Thymus  gland,  177 

development  of,   178, 
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Thyroid  gland,  178 

development  of,  1 106 
excbion  of,  179 

Tidal  air,  196 
"     wave,  120 

Timbre,  660,  1025 

Time   in   psychical    processes, 

871 

Time-sense,  1027 
Tmnitus,  759 

"        aurium,  762,  1034 
Tissue  formers,  45 1 
**      metabolism  of,  464 
"      regeneration  of,  466 
**       transplantation  of,  469 
Tissues,  reduction  by,  230 
Titration  for  sugar,  264 
Tizzoni's  reaction,  329 
Tobin*s  tubes,  238 
Tomes,  fibres  of,  268 
Tone-inductoriura,  619 
Tones,  1024 
Tone-sense,  1027 
Tongue,  271 

glands  of,  244 
movements  of,  271 
nerves  of,  272 
papillae  of,  1040 
structure  of,  1040 
**        taste-bulbs  of,  1041      | 
Tonicity  of  muscle,  627 
Tonometer,  96 

Tonsils,  245  I 

Tonus,  815 
Tooth,  267 

Topography,  cerebral,  901, 911 
Toricelli's  theorem,  105 
Torpedo,  731 
Torticollis  paralyticus,  772 
Touch  corpuscles,  1044 

**     sense  of,  1044 
Toynbee's  membrana  tympani, 

1013 
Trachea,  185 
Tracheae,  242 
Transfusion  of  blood,  56, 168 

"  of  other  fluids,  170 

Transition  resistance,  690 
Transitional  epithelium,  550 
Transplantation  of  tissues,  469 
**  of  nerve-fibres,  i 

685 
Transudations,  400 
Trapezius,  spasm  of,  771 
Traube-Hering  curves,  146 
Traumatic     degeneration     of 
nerves,  684 
**        pneumonia,  768 
Tread,  1070 
Treppe,  618 
Trichina,  1060 
Trigeminus,  744 

ganglia  of,    745- 

749.  75>»  752 
inferior  maxillary 

branch,  750 

neuralgia  of,  753 
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Trigeminus,  ophthalmic! 

745 
paralysis  of.  753 

pathological,  753 

section  of,  747 

superior  maxQlary 

brandi,  749 

trophic    foDcdom 

of,  748 

Trimethylamine,  489 

Triple  phosphate,  521 

Trismus,  753 

Trochlearis,  743 

Trommer's  test,  263 

Tropseolin,  295 

Trophic  affections,  734 
centres,  685 
fibres,  685 
nerves,  734 

Trophoneuroses,  735 

Trolling,  648 

Truncus  arteriosus,  1 109 

Trypsin,  313 

Trypsinogen,  313 

Tryptone,  312 

Tubal  migration  of  ovum,  1080 

Tube  casts,  532 

Tubes,  capillary,  107 
*'      division  of,  107 
**      elastic,  107.  loS 
«<      movements  of  fluids  io, 

107,  108 
"      rigid,  108 

Tubular  breathing,  213 

Tumultus  sermoois,  906 

Tunidn,  489 

Tuning-fork,  1020 

Turacin,  484 

Ttlrck's  method,  811 

Twins,  1079 

Twitch,  608 

T3nnpanic  membrane,  loii 
<*        artificial,  1013 

Tjrmpanitic  sound,  211 

Tympanum,  1017 

Tyrosin,  314,489,  531 

Ulcer  of  foot,  perfonting,  736 
Umbilical  arteries,  1097 
cord,  1 100 
veins,  1097 
vesicle,  1093 
Unchanged  proteids,  375 
Unison  of  motor  aod  sensofy 

nerves,  726 
Unipolar  induction,  698 

**       stimulation,  681 
Upper  tones,  1028 
Urachus,  1097, 1 1 15 
Unemia,  548 
Urates,  509 
Urea,  502 

antecedents  of,  505, 542 
compounds  of,  505 
decomposition  of,  503 
excreted  during  starviag, 
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Urea  ferment,  521 

Urine 

,  chlorides  in,  517 

Urine,  sugar  in,  527 

** 

formation  of,  504,  541 

it 

color,  501 

*<       sulphuric  acid  in,  519 

ti 

muscular  exercise,  504 

tt 

coloring  matters  of,  514 

"      taste  of,  502 

** 

nitrate  of,  505 

n 

comparative,  556 

"       test  for  albumin  in,  522 

44 

occurrence  of,  504 

n 

consistence,  502 

«      tube  casts  in,  532 

«» 

oxalate  of,  505 

tt 

cystin  in,  530 

"      tyrosin  in,  531 

*i 

pathological,  504 

tt 

deposits  in,  531 

"      urates,  507 

44 

phosphate  of,  505 

n 

dextrin  in,  530 

"       urea  in,  502 

44 

preparation  of,  505 

tt 

effect  of  blood-pressure 

**       uric  acid  in,  507 

44 

properties  of,  502,  503 

on,  536 

'*      xanthin  in,  511 

«4 

qualitative  estimation  of, 

tt 

egg-albumin  in,  524 

Urinometcr,  500 

506 

*t 

electrical  condition   of. 

Urobihn,  31,  543 
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quantitative      estimation 

73' 

Urochrome,  514 

of,  506 

tt 

excretion    of   pigments 

Uroerythrin,  514 

44 

quantity  of,  503 

by,  539 

Uro-genital  sinus,  1117 

44 

relation  of,  to  muscular 

tt 

fermentations  of,  520 

Uromelanin,  514 

work,  504 

tt 

,  ferments  in,  517 

Urorubin,  514 

Ureameter,  506 

tt 

fluorescence,  501 

Urostealith,  534 

Ureter,  ligature  of,  540 

tt 

fungi  in,  532 

Uterine  milk,  1099 

44 

pressure  in,  538 

tt 

gases  in,  520 

Uterus,  1072 

44 

structure  and  functions 

tt 

haemoglobin  in,  524 

"      changes  in,  1074 

of,  549 

tt 

hemi-albumose,  524 

"      development  of,  1 1 14 

Uric  acid,  489, 507 

tt 

hippuric  acid  in,  512 

"      involution  of,  1 1 23 

44 

diathesis,  549 

tt 

historical,  556 

"      nerves  of,  11 22 

*4 

estimation  of,  510 

4( 

incontinence  of,  556 

Utilization  of  food,  446 

<4 

formation  of,  510,  543 

tt 

influence  of  nerves  on. 

Utricle,  1020 

44 

occurrence,  508 

544 

Uvea,  936 

44 

properties  of,  507 

It 

inorganic    constituents. 
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qualitative  estimation,  510 
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44 

quantitative  estimation  of, 

tt 

inosit  in,  530 

Vagi  to  heart,  92 

510 

tt 

kreatinin  in,  511 

Vago-sympatheiic  nerve,  782 

U 

quantity,  509 

tt 

leucin  in,  530 

Vagotomy,  842 

44 

solubility,  508 

tt 

milk-sugar  in,  530 

Vagus,  763 

ti 

tests  for,  510 

tt 

movement  of,  550 

**      action  on  intestines,  769 

Urinary  bladder,  551 

tt 

mucin  in,  524 

"      branches  of,  763 

**               development 

tt 

mucus  in,  501,  524 

"      cardiac  branches,  767 

of,  1 1 15 

tt 

nitn^en  in,  507 

**      depressor  nerve  of,  144, 

"               formation  of. 

tt 

odor,  502 

766 

1115 

tt 

organic  bodies  in,  502 

"      effect  on  larynx,  765 

44 

calculi,  534 

tt 

organisms  in,  531 

"      effects  of  section,  768 

it 

closure  of,  552 

tt 

oxalic  acid  in,  512 

"      on  heart,  147 

44 

constituents,  formation 

if 

passage  of,  553 

**      pathological,  770 

of,  541 

«l 

passage    of  substances 

"      pneu monia  after  section , 

It 

deposits,  531 

into,  544 

768 

14 

organs,  491 

tt 

peptone  in,  524 

**      pulmonary      branches. 

41 

pressure  in,  555 

tt 

phenol  in,  515 

768 

Urine,  499 

tt 

phosphoric  acid  in,  518 

"      reflex  effects  of,  769 

44 

absorption  of,  555 

tt 

physical   characters  of. 

**      stimulation  of,  850 

<4 

accumulation  of,  553 

499 

**      unequal  excitability  of 

<l 

aceton  in,  530 

tt 

pigments  of,  514 

its  branches,  770 

44 

acid  fermentation,  520 

tt 

propepione  in,  524 

Valleix's  points   douluureaux. 

li 

acidity,  502 

ft 

proteids  in,  523 

1057 

«( 

albumin  in,  521 

tt 

quantity,  499 

Valsalva's  experiment,  103, 131 

44 

alkaline     fermentation, 

tt 

reaction,  502 

Valve,  ileo-colic,  283 

520 

tt 

reducing  substances  in, 

"     pyloric,  280 

44 

alkaloids  in,  549 

5'7 

Valves  of  heart,  63 

(4 

amount  of  solids,  500, 

tt 

retention  of,  556 

**     disease  of,  82 

501 

tt 

sarkin  in,  512 

"     injury  to,  70 

44 

aromatic  ethereal  com- 

tt 

secretion  of,  535 

**     ot  veins,  1 1 1 

pounds,  519 
bile  in,  520 

tt 

serum.globulin  in,  524 

"     bounds  of,  164 

44 

u 

silicic  acid  in,  519 

ValvuljB  conniventes,  363 

44 

blood  in,  524 

tt 

sodium  chloride  in,  519 

Varicose  fibres,  668 

4t 

calculi,  534 

tt 

solids  of,  500 

"        veins,  150 

44 

changes  of,  in  bladder, 

tt 

specific  gravity,  500 

Varnishing  the  skin,  428 

555 

tt 

spontaneous  changes  in. 

Vas  deferens,  1063 
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characters  of,  499 
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Vasa  vasorum,  112 
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Vascular  system,  devdopment 

of,  1 109 
Vaso-dilator  centre,  863 

"  nerves,  779,  863 

Vaso- formative  cells,  12 
Vaso- inhibitory  nerves,  863 
Vaso-motor  centre,  854 

destruction  of,  856 
effect  of  haemor- 
rhage, 855 
**  on  heart,  861 
position  of,  855 
spinal,  862 
stimulation  of,  855 

857 

nerves,  854 
"      course     of, 
856 
Vater's  corpuscles,  1045 
Vegetable  albumin,  479 
"        casein,  479 
««        foods,  444 
"        proteids,  478 
Vegetables  preserved,  446 
Veins,  ill 

**      blood  flow  in,  162 
**      cardinal,  iiii 

development  of,  1 1 1 1 
ligature  of,  151 
"      movement  of  blood  in, 
162 
murmurs  in,  163 
pressure  in,  150 
pulse  in,  164,  165 
**      structure  of,  ill 
"      tonus  of,  856 
"      valves  in,  in 
**      valvular  sounds  in,  164 
varicose,  i$o 
velocity  of  blood  in,  162 
Vella's  fistula,  346 
Velocity  of  blood-stream,  137 
Vena  azygos,  1112 
Venae  advebentes,  in 2 
**     revehentes,  1112 
Venous  blood,  54 
Ventilation,  237,  238 
Ventricles,  62,  78 

aspiration  of,  67 
brain,  925 
capacityof,  138, 157 
fibres  of,  62 
impulse  of,  73 
negative      pressure 

in,  69 
systole  of,  66,  76 
Veratrin,  614 

on  heart,  98 
on  muscle,  614 
Vemix  caseosa,  566 
Vertebrae,  mobility  of,  644 
Vertebral    column,    formation 

of,  1095,  "03 
Vertigo,  aural  and  others,  762 

•*       ophthalmic,  762 
Vestibular  sacs,  1022 
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Vibrations  of  body,  135 
Vibratives,  662 
Vibrio,  58 
Villus,  363 

"      intestinal,  363 
"      absorption  by,  376 
"      chorionic,  1098 
contractility  of,  366 
placental,  1099 
Violet- blindness,  986 
Visceral  arches,  1097 
"        clefts,  1097 
Viscero-motor  nerves,  779 
Vision,  binocular,  996 

*^      stereoscopic,  998 
Visual  angle,  952 
"      apparatus,  933 
area,  896 
paths,  897 

purple,  484,  942,  980 
Vital  capacity,  197 
Vitellin,  476 

Vitelline  duct,  1093, 11 12 
Vitellus,  1067 
Vitreous  humor,  944 
Vocal  cords,  649 

conditions      influencing 

the,  653,  658 
resonance,  214 
Voice,  649 

*'      fiilsetto,  659 
*'■      in  animals,  664 

pathological     variations 

of,  663 
phjTsics  of,  649 
pitch  of,  649 
production  of,  659 
range  of,  659 
Volt,  688 

Volta's  alternative,  722 
Volume  pulse,  167 
Volumetric  method,  506 
Vomiting,  281 

"        centre  for,  282,  836 
Vowels,  660,  1028 

**       anaWsb  of,  1028 
"       artificial,  1030 
"       formation  oi,  660,  661 
**       Koenig's  apparatus  for, 
1032 

Wagner's  touch    corpuscles, 
1044 

Waking,  872 

Walking,  645 

Wallerian  law  of  degeneration, 
683 

Wandering  cells,  382 

Warm-blooded  animals,  405 

Washed  blood-clot,  39 

Waste  products,  elimination  of, 
491 

Water,  43i»  47i 

absorbed  by  skin,  571 
absorption  of,  372 
exhaled  by  skin,  228 
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Water,  exhaled  iromhuigs,2JO 
**      hardness  of,  432 
impurities,  432, 433 
in  urine,  501 
vapor  of,  in  air,  220 
Watery  vapor,  estimadoo   of^ 

219 
Wave,  pulse,  120 

"      propagation  of,  133 
Wave-motion,  107 
Wave-movements,  1009 
Waves,  in  elastic  tubes,  133 
Weber's  glands,  244 
law,  932 
paradox,  626 
Weigert's  method,  671 
Weight,  increase  of,  470 

•*      loss  of,  457 
Weyl's  test,  511 
Wharton's  jelly,  iioo 
Whispering,  660 
White  blooid-corpnsdes,  15 

chemical     composttiofi, 

34 
diapedesis  of,  160 

effects  of  drags,  iS 
**  reagents,  17 

**      number,  17 
**      relation  to  aniline  pig- 
ments, 18 
White  of  egg,  473 
Wine,  449 

Wittich's  glycerin  method,  262 
Wolffian  U)dies,  1 115 
**       ducts,  1 1 14 
Word-blindness,  908 
Word-deafiiess,  909 
Work,  622 

**      of  heart,  158 
**       unit  of,  xxxviii 

Xanthin,  489 
Xanthok3ranopy,  986 
Xantbophane,  943 
Xanthoproteic  reaction,  474 
Xerosis,  748 

Yawning,  217 
Yeast,  448,  483 
Yolk,  1067, 1070 

cleavage  of,  1082 

plates,  479 

sac,  1093 
Yellow-spot,  970 
Young- Helmhokx  theory,  984 

Zero- temperature,  1054 
Zimmermann,  particles  of^  20 
Zinn,  zonule  ot,  944 
2U)etrope,  988 
Zdllner's  lines,  1003 
Zona  pellucida,  1067 
Zonule  of  Zinn,  944 
Zoogloea,  349 
Zymogen,  297 
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BASED  ON  RECENT  MEDICAL 
LITERATURE. 


GEORGE  H.  GOULD,  A.B.,  M.D.. 

Ofkllalmic  Snmn  It  tlu  PhOadtlfUa  Ht^ital,  OMcml 


■halmic  S-irrm  It  lit  PtUluirif^it  H 
Ckitf  OpUk^mattric^  Dr*t.   Gtnt 


It  is  not  a  mere  compilation  from  otba 
dictionaries.  The  definitions  have  bcea 
made  by  the  aid  of  the  most  recent  stan- 

^"xhll^t  lidlx**"!***'  "  *'""'  ""'"bjj  *^*^  text-books  in  the  various  branches  (rf 

riun  Dirk  Leaihcr,  without  Thumb  indei,  j.ss  medicioe.     It  includes 

SEVERAL  THOUSAND  NEW  WORDS  NOT  CONTAINED  IN 
ANY  SIMILAR  WORK. 

IT  CONTAINS  TABLES  of  the  ABBREVIATIONS  nsed  in  Mcdidne.  of  (k 
ARTERIES,  of  the  BACILLI,  giving  the  Name,  Habitat,  Cbancteriaics,  etc ;  of  GAN- 
OLIA,  LEUCOMAINES,  MICROCOCCI,  MUSCLES,  NERVES,  PLEXUSES, 
PTOMAINES,  with  the  Name,  Fonnula,  Fhyuological  Action,  etc. ;  and  the  COMPAKl- 
80N  OF  THERMOMETERS,  ofall  the  most  used  WEIGHTS  AND  MEASURES 
of  the  vurld,  of  the  MINERAL  SPRINGS  OP  THE  U.  8.,  VITAL  STATISTICS, 
etc.     Much  of  the  material  thus  classilitd  is  not  obtainable  b;  English  read«n  in  an^  othei  vcri. 

OPINIONS  OF  PROHINBNT  MBDICAL  PAPERS. 

"  One  pleasing  feature  of  the  book  is  that  the  reader  can  almost  invariablv 
find  the  definition  under  the  word  he  looks  for,  without  being  referred  froai 
one  place  to  another,  as  is  too  commonly  the  case  in  medical  dictionaries. 
The  tables  of  the  bacilli,  micrococci,  leucomaloes  and  ptomaines  are  excellent, 
and  contain  a  large  amount  of  information  in  a  limited  space.  The  anatomical 
tables  are  also  concise  and  clear.     .  We  should  unhesiiatiagly  recom- 

mend this  dictionary  to  our  readers,  feeling  sure  that  it  will  prove  of  mnch 
value  to  them." — American  Journal  of  Medical  Science,  Sept.  iSgo. 

"As  a  handy,  concise  and  accurate,  and  complete  medical  dictionary  it 
decidedly  claims  a  very  high  place  among  works  of  this  description.  In  fact. 
taking  handiness  and  cheapness  into  account,  we  certainly  think  this  is  the 
general  practitioner's  model  dictionary,  and  we  cordially  recommend  it  to  o(B 
readers.  The  definitions  are  for  the  most  part  terse  and  accurate,  and  tbe 
derivations  up  to  modern  lights." — British  Medical  Journal,  London,  Sept.  i8^- 
W^  May  be  obtained  through  all  Booksellers.     Sample  pages  free. 
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jyjedical  and   Scientific  publications^ 

No.  IOI2  Walnut  St.,  Philadelphia. 


ACTOH.  The  Functions  and  Disorders  of  the  Beprodnctive  Organs  in  Childhood, 
Youth,  Adult  Age  and  Advanced  Life,  considered  in  their  Physiological,  Social 
and  Moral  Relations.    By  Wm.  Acton,  m.d.,  m.r.c.s.    7th  Edition.    Cloth,  $2.00 

AITKEH.  Animal  Alkaloids,  the  Ptomaines,  Leucomaines  and  Extractives  in 
their  Pathological  Relations.  By  William  Aitken,  m.d.,  f.r.s.,  Prof,  of  Path, 
in  the  Army  Medical  School,  Netley,  England.    2d  Ed.  Enlarged.    Cloth,  $1.25 

ALLEH,  HABLAH,  HABTE,  YAH  HABinrOEH.     Local  Therapeutics. 

A  Handbook  of  Local  Therapeutics,  bein^  a  practical  description  of  all  those 
agents  used  in  the  local  treatment  of  disease,  such  as  Ointments,  Plasters, 
Powders,  Lotions,  Inhalations,  Suppositories,  Bougies,  Tampons,  etc.,  and  the 
proper  methods  of  preparing  and  applying  them.  By  Harrison  Allen,  m.d., 
Emeritus  Professor  of  Physiology  in  the  University  of  Penna. ;  Laryngologist  to 
the  Rush  Hospital  for  Consumption ;  late  Surgeon  to  the  Philadelphia  and  St. 
Joseph's  Hospitals.  George  C.  Harlan,  m.d.,  late  Professor  of  Diseases  of  the 
Eye  in  the  Philadelphia  Polyclinic  and  College  for  Graduates  in  Medicine; 
Surgeon  to  the  Wills  Eye  Hospital,  and  Eye  and  Ear  Department  of  the  Penn- 
sylvania Hospital.  Richard  H.  Harte,  m.d..  Demonstrator  of  Osteology, 
University  of  Pennsylvania ;  Assistant  Surgeon,  University  Hospital,  and  Arthur 
Van  Harlingen,  m.d.,  Professor  of  Diseases  of  the  Skin  in-  the  Philadelphia 
Polyclinic  and  College  for  Graduates  in  Medicine;  late  Clinical  Lecturer  on 
Dermatology  in  Jefferson  Medical  College ;  Dermatologist  to  the  Howard  Hos- 
pital. In  One  Handsome  Compact  Volume.     Nearly  Ready, 

ALLEB.    Commercial  Organic  Analysis.    A  Treatise  on  the  Modes  of  Assaying 
the  Various  Organic  Chemicals  and  Products  employed  in  the  Arts,  Manufactures, 
Medicine,  etc.,  with  Concise  Methods  for  the  Detection  of  Impurities,  Adultera- 
tions, etc.    Second  Edition.    Revised  and  Enlarged.    By  Alfred  Allen,  f.c.s. 
Vol.  I.  Alcohols,  Ethers,  Vegetable  Acids.  Starch,  etc.  Oul  of  Print, 

Vol.  II.  Fixed  Oils  and  Fats,  Hydrocarbons  and  Mineral  Oils,  Phenols  and 
their  Derivatives,  Coloring  Matters,  etc.  ^^^  ^  Print, 

Vol.  III.— Part  I.   Acid  Derivatives  of  Phenols,  Aromatic  Acids,  Tannins, 
Dyes,  and  Coloring  Matters.    8vo.  Cloth,  $4.50 

ABDEBSOH.  A  Treatise  on  Skin  Diseases.  With  special  reference  to  Diagnosis 
and  Treatment,  and  including  an  Analysis  of  11,000  consecutive  cases.  By  T. 
McCall  Anderson,  m.d..  Professor  of  Clinical  Medicine,  University  of  Glasgow. 
With  several  Full-page  Plates,  two  of  which  are  Colored  Lithographs,  and  nu- 
merous Wood  Engravings.    Octavo.    650  pages.      Cloth,  $4.50;  Leather,  $5.50 

ABCHIVES  OF  SUBOEBY.  Edited  by  Jonathan  Hutchinson,  f.r.s.  Colored 
Illustrations.    Published  Quarterly.  75  cents  a  number.    Per  Vol.  $3.00 

ABLT.  Diseases  of  the  Eye.  Clinical  Studies  on  Diseases  of  the  Eye.  Including  the 
Conjunctiva,  Cornea  and  Sclerotic,  Iris  and  Ciliary  Body.  By  Dr.  Ferd.  Ritter 
VON  Arlt,  University  of  Vienna.  Authorized  Translation  by  Lyman  Ware, 
m.d..  Surgeon  to  the  Illinois  Charitable  Eye  and  Ear  Infirmary,  Chicago. 
Illustrated.    8vo.  Cloth,  $2.50 

ABMATAOE.    The  Yeterinarian*s   Pocket  Bemembrancer :  being  Concise 

Direciions  for  the  Treatment  of  Urgent  or  Rare  Cases,  embracing  Semeiology, 
Diagnosis,  Prognosis,  Surgery,  Therapeutics,  Toxicology,  Detection  of  Poisons 
by  their  appropriate  tests.  Hygiene,  etc.  By  George  Armatage,  m.r.c.v.s. 
Second  Edition.    32mo.  Boards,  I1.25 
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BALLOU.    Veterinary  Anatomy  and  Physiology.    By  Wm.  R.  Ballou.  m.d., 

Prof,  of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  Physician 
to  Bellevue  Dispensary,  and  Lecturer  on  Genito-Urinary  Surgery,  New  York 
Polyclinic,  etc.  With  29  Graphic  Illustrations.  i2mo.  No,  12  f  Quis-Compend 
Series,  f  Cloth,  $\,oo.    Interleaved,  for  the  addition  of  Notes,  jti.ij 

BAB.  Antiseptic  Midwifery.  The  Principles  of  Antiseptic  Methods  Applied  to 
Obstetric  Practice.  By  Dr.  Paul  Bar,  Obstetrician  to,  formerly  Interne  in,  the 
Maternity  Hospital,  Paris.  Authorized  Translation  by  Henry  D.  Fry.  m.d., 
with  an  Appendix  by  the  author.    Octavo.  Qoth,  I1.75 

BABRETT.  Dental  Snrgery  for  General  Practitioners  and  Students  of  MedioBe 
and  Dentistry.  Extraction  of  Teeth,  etc.  By  A.  W.  Barrett,  m.d.  Second 
Edition.    Illustrated      i2mo.  Cloth,  $1.25 

BABTLEY.  Medical  Chemistry.  Second  Edition.  A  Text-book  for  Medical  and 
Pharmaceutical  Students.  By  E.  H.  Bartley,  m.d.,  Professor  of  Chemistry  and 
Toxicology  at  the  Long  Island  College  Hospital ;  President  of  the  American 
Society  of  Public  Analysts ;  Chief  Chemist,  Board  of  Health,  of  Brooklyn,  N.Y. 
Revised  and  enlarged.  With  62  Illustrations.  Glossary  and  Complete  Index* 
423  pages.    i2mo.  Cloth,  $2,y> 

BEALE.    On  Slight  Ailments ;  their  Nature  and  Treatment    By  Lionel  S.  Beale, 

M.D.,  F.R.S.,  Professor  of  Ftactice,  King*s  Medical  College,  London.    Second 

Edition.     Enlarged  and  Illustrated.    8vo.  Cloth,  I1.25 

Urinary  and  Benal  Diseases  and  Calculous  Disorders.    Hints  on  Diagnosis 

and  Treatment.     Demi-8vo.    556  pages.  Cloth.  5175 

The  Use  of  the  Microscope  m  Ractical  Medicine.    For  Students  and 

Practitioners,  with  full  directions  for  examining  the  various  secretions,  etc, 
in  the  Microscope.  Fourth  Edition.  500  Illustrations.  8vo.  Cloth,  ^.50 
How  to  Work  with  the  Microscope.  A  Complete  Manual  of  Microscopical 
Manipulation,  containing  a  full  description  of  many  new  processes  of 
investigation,  with  directions  for  examining  objects  under  the  highest 
powers,  and  for  taking  photographs  of  microscopic  objects.  Fifth  Editioii. 
Containing  over  400  Illustrations,  many  of  them  colored.    8vo.    Cloth.  I7.50 

One  Hnndred  Urinary  Deposits,  on  eight  sheets,  for  the  Hospital.  Labora- 
tory, or  Surgery.    New  Eciition.    4to.  Paper.  $ixP 

BEASLEY'S  Book  of  Prescriptions.  Containing  over  3100  Prescriptions,  cc^kcted 
from  the  Practice  of  the  most  Eminent  Physicians  and  Surgeons — ^Elnghsh, 
French  and  American ;  a  Compendious  History  of  the  Materia  Medica,  Lists  of 
the  Doses  of  all  Officinal  and  Established  Preparations,  and  an  Index  of  Diseases 
and  their  Remedies.    By  Henry  Beasley.    Seventh  Edition.  Cloth,  $2.35 

Druggists*  General  Receipt  Book.  Comprising  a  copious  Veterinary  Formu- 
lary ;  Recipes  in  Patent  and  Proprietary  Medicines,  Druggists'  Nostnuos, 
etc.;  Perfumer)'  and  Cosmetics ;  Beverages,  Dietetic  Articles  and  Condi- 
ments ;  Trade  Chemicals,  Scientific  Processes,  and  an  Appendix  of  Usefid 
Tables.    Ninth  Edition.    Revised.  Cloth,  |2^5 

Pocket  Formnlary  and  Synopsis  of  the  British  and  Foreign  Fliarmacopcctas. 
Comprising  Standard  and  Approved  Formulae  for  the  Preparations  and 
Compounds  Employed  in  Medical  Practice.    Eleventh  Edition.    Cl<^,  12^5 

BIDDLE*8  Materia  Medica  and  Therapeutics.  Eleventh  Edition.  For  the  Use  d 
Students  and  Physicians.  By  Prof.  John  B.  Biddle,  m.d..  Professor  of  Materia 
Medica  in  Jefferson  Medical  College,  Philadelphia.  The  Eleventh  Edition,  thor- 
oughly revised,  and  in  many  parts  rewritten,  by  his  son,  Cleme>*t  Biddle,  mjx. 
Assistant  Surgeon,  U.  S.  Navy,  and  Henry  Morris,  m.d..  Fellow  of  the  College 
of  Physicians,  of  Philadelphia,  etc.  Clodi,  $4.25 ;  Sheep,  $^JCO 

BIOELOW.  Plain  Talks  on  Medical  Electricity  and  Batteries,  with  a  Thera- 
peutic Index  and  a  Glossary.  Prepared  for  Practitioners  and  Students  of  Medi- 
cine. By  Horatio  R.  Bigelow,  m.d..  Fellow  of  the  British  Gynaecological 
Society ;  of  the  American  Electro-Therapeutic  Association  •  Member  Am^ican 
Medical  Association,  etc.    43  Illus.,  and  a  Glossary.    2d  Ed.    i3mo.    Cloth,  $1.00 


MEDICAL  AND  SCIENTIFIC  PUBLICA  TIONS. 


BLACK.  Micro-Organismi.  The  Formation  of  Poisons.  A  Biological  study  of 
the  Germ  Theory  of  Disease.    By  G.  V.  Black,  m.d.,  d.d.s.  Cloth,  $1.50 

BLACX^BTJRH.  Autopsies.  A  Manual  of  Autopsies,  Designed  for  the  use  of  Hos- 
pitals for  the  Insane  and  other  Public  Institutions.  By  I.  W.  Blackburn,  m.d.. 
Pathologist  to  the  Government  Hospital  for  the  Insane,  Washington,  D.  C.  With 
ten  Full-page  Plates  and  four  other  Illustrations.     i2mo.  Cloth,  $1.25 

BLAIB.  Potable  Waters.  The  Organic  Analysis  of.  By  J.  A.  Blair,  m.  b., 
c.  M.,  D.  sc.  Edin.,  etc.     i2mo.  Cloth,  $1.00 

BL0DOETT*S  Dental  Pathology.  By  Albert  N.  Blodgett,  m.d.,  Late  Prof,  of 
Pathology  and  Therapeutics,  Boston  Dental  Coll.    33  Illus.    i2mo.    Cloth,  ^1.75 

BLOXAM.  Chemistry,  Inorganic  and  Organic.  With  Experiments.  By 
Charles  L.  Bloxam.  Edited  by  J.  M.  Thompson,  Professor  of  Chemistry  in 
King's  College,  London,  and  A.  G.  Bloxam,  Dem.  of  Chem.,  Royal  Agricultural 
College,  Cirencester.  Seventh  Edition.  Revised  and  Enlarged.  With  281 
Engravings.    8vo.  Cloth,  I4. 50;  Leather,  $5.50 

BOWLBY.  Ii^jnries  and  Diseases  of  the  Herres,  and  their  surgical  treatment. 
By  Anthony  A.  Bowlby,  f.r.c.S.,  Dem.  of  Practical  Surgery  at  St.  Bartholo- 
mew's Hospital.    Illus.  by  4  Colored  and  20  Full-page  Plates.    8vo.   Cloth,  $4.50 

Snrgical  Pathology  and  Morbid  Anatomy.     135  Illustrations.  Cloth,  f  2.00 

BOWMAK.  Practical  Chemistry,  including  analysis,  with  about  100  Illustrations. 
By  Prof.  John  E.  Bowman.  Eighth  English  Edition.  Revised  by  Prof.  Bloxam, 
Professor  of  Chemistry,  King's  College,  London.  Cloth,  $2.00 

BKIJBAKEB.  Physiology.  A  Compend  of  Physiology,  specially  adapted  for  the 
use  of  Students  and  Physicians.  By  A.  P.  Brubaker,  m.d..  Demonstrator  of 
Physiology  at  Jefferson  Medical  College,  Prof,  of  Physiology,  Penn'a  College  of 
Dental  Surgery,  Philadelphia.  Sixth  Edition.  Revised,  Enlarged  and  Illus- 
trated.   No,  4,  f  Quiz- Compend  Series  f    i2mo.    Cloth,  $1.00;  Interleaved,  $1.25 

BTTCKSILL  AND  TXJK£*S  Manual  of  Psychological  Medicine :  containing 
the  Lunacy  Laws,  the  Nosology,  iCtiology,  Statistics,  Description,  Diagnosis, 
Pathology  (including  morbid  Histology)  and  Treatment  of  Insanity.  By  John 
Charles  Bucknill,  m.d.,  f.r.s.,  and  Daniel  Hack  Tuke,  m.d.,  f.r.c.p. 
Fourth  Edition.    Numerous  illustrations.    8vo.  Cloth,.  $8.00 

BTJLKLET.  The  Skin  in  Health,  and  Disease.  By  L.  Duncan  Bulkley,  m.d., 
Attending  Physician  at  the  New  York  Hospital.    Illustrated.  Cloth,  .50 

BTTXTOH.  On  AnSBsthetics.  A  Manual.  By  Dudley  Wilmot  Buxton,  m.r.c.s., 
M.R.C.P.,  Ass't  to  Prof,  of  Med.,  and  Administrator  of  Anaesthetics,  University 
College  Hospital,  London.     i2mo.  Cloth,  $1.25 

BXTENET.  Foods  and  Dietaries.  A  Manual  of  Clinical  Dietetics.  By  R.  W. 
Burnet,  m.d.,  m.r.c.p..  Physician  to  the  Great  Northern  Central  Hospital. 
General  Contents — Diet  in  Derangements  of  the  Digestive,  Nervous  and  Res- 
piratory Organs ;  in  Gout,  Rheumatism,  Anaemia,  Fevers,  Obesity,  etc. ;  in  Dis- 
eases of  Children,  Alcoholism,  etc.  With  Appendix  on  Predigested  Foods  and 
Invalid  Cookery.  Full  directions  as  to  hours  of  taking  nourishment,  quantity, 
etc.,  are  given.     i2mo.  Cloth,  $1.75 

BTJENETT.  Hearing,  and  How  to  Keep  It  By  Chas.  H.  Burnett,  m.d.,  Prof, 
of  Diseases  of  the  Ear  at  the  Philadelphia  Polyclinic.    Illustrated.        Cloth.  .50 

BTFOBD.  Diseases  of  Women.  The  Practice  of  Medicine  and  Surgery,  as 
applied  to  the  Diseases  and  Accidents  Incident  to  Women.  By  W.  H.  Byford, 
A.M.,  M.D.,  Professor  of  Gynaecology  in  Rush  Medical  College  and  of  Obstetrics 
in  the  Woman's  Medical  College ;  Surgeon  to  the  Woman's  Hospital ;  Ex-Presi- 
dent American  Gynaecological  Society,  etc.,  and  Henry  T.  Byford,  m.d..  Sur- 
geon to  the  Woman's  Hospital  of  Chicago ;  Gynaecologist  to  St.  Luke's  Hos- 
pital ;  President  Chicago  Gynaecological  Society,  etc.  Fourth  Edition.  Revised, 
Rewritten  and  Enlarged.  With  306  Illustrations,  over  100  of  which  are  original. 
Octavo.     832  pages.  Cloth,  $5.00;  Leather.  $6.00 

On  the  Utenis.    Chronic  Inflammation  and  Displacement.  Cloth,  $1.25 
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CAIRB  and  CAT  HC ART.  Snreioal  Handbook  for  the  use  of  Practitioners  and 
Students.  By  F.  Mitchell  Cairo,  m.b.,  f.r.c.s.,  and  C.  Walker  Cathcart, 
M.B.,  F.R.C.S.,  Ass't  Surgeons  Royal  Infirmary.  With  over  200  Illustrations. 
32mo.    400  pages.    Pocket  size.  Leather  covers,  $2.50 

CALDWELL.  Chemical  Analysis.  Elements  of  Qualitative  and  Quantitathre 
Chemical  Analysis.  By  G.  c5.  Caldwell,  b.s.,  ph.d..  Professor  of  Agricultural 
and  Analytical  Chemistry  in  Cornell  University,  Ithaca,  New  York,  etc.  Second 
Edition.    Revised  and  Enlarged.     Octavo.  Cloth,  -^ 

CAHEBOH.  Oils  and  Varnishes.  A  Practical  Handbook,  by  James  Cameron, 
F.i.c.    With  Illustrations,  Formulae,  Tables,  etc.     i2mo.  Qoth,  I2.50 

Soap  and  Candles.  A  New  Handbook  for  Manufacturers,  Chemists.  Ana- 
lysts, etc.  Compiled  from  all  reliable  and  recent  sources.  54  Illustrations. 
i2mo.  Cloth,  $2^s 

C  AH  FIELD.  Hygiene  of  the  Sick-Beom.  A  book  for  Nurses  and  others.  Being 
a  Brief  Consideration  of  Asepsis,  Antisepsis,  Disinfection,  Bacteriology,  Immun- 
ity, Heating  and  Ventilation,  and  kindred  subjects,  for  the  use  of  Nurses  and 
other  Intelligent  Women.  By  Walter  Buckingham  Canfield.  a.m..  m.d., 
Lecturer  on  Clinical  Medicine  and  Chief  of  Chest  Clinic,  University  of  Mary- 
land, Physician  to  Bay  View  Hospital  and  Union  Protestant  Infirmary.  Balti- 
more.    i2mo.  /if  lYess. 

CABPEHTEB.    The  Microscope  and  Its  Bevelations.    By  W.  B.  Carpentek, 

M.D.,  F.R.s.    Seventh  Edition.    By  Rev.  Dr.  Dallinger.  f.  r.  s.     Revised  and 
Enlarged,  with  800  Illustrations  and  many  Lithographs.    Octavo,     i  too  Pages. 

Cloth,  16.50;  Sheep,  I7.50 

CAZEAITX  and  TABNIEB*S  Midwifery.  With  Appendix,  by  Mnnd^.  Eigfadi 
Revised  and  Enlarged  Edition.  With  Colored  Plates  and  nunieroas  othei 
Illustrations.  The  Theory  and  Practice  of  Obstetrics,  including  the  Diseases 
of  Pregnancy  and  Parturition,  Obstetrical  Operations,  etc  By  P.  Cazeaux. 
Member  of  the  Imperial  Academy  of  Medicine,  Adjunct  Professor  in  the  Faculty 
of  Medicine  in  Pans.  Remodeled  and  rearranged,  with  revisions  and  additions, 
by  S.  Tarnier,  m.d.,  Professor  of  Obstetrics  and  Diseases  of  Women  and 
Children  in  the  Faculty  of  Medicine  of  Paris.  Eighth  American,  firom  the 
Eighth  French  and  First  Italian  Edition.  Edited  and  Enlarged  by  Robert 
J.*  Hess,  m.d.,  Physician  to  the  Northern  Dispensary,  Phila.,  etc.,  with  an  Ap- 
pendix by  Paul  F.  Mund6,  m.d..  Professor  of  Gynaecology  at  the  New  York 
Polyclinic,  and  at  Dartmouth  College ;  Vice-President  American  Gynaecological 
Society,  etc.  Illustrated  by  Chromo-Lithographs,  Lithographs,  and  other  Full- 
page  Plates,  seven  of  which  are  beautifully  colored,  and  numerous  Wood  £a- 
gravings.    Students'  Edition,    One  Vol.,  8vo.    Cloth,  $5.00 ;  Full  Leather,  |6uOo 

CHABTEBI8.    Practice  of  Medicine.   The  Student's  Guide.   By  M.  Charteris, 

m.d..  Professor  of  Therapeutics  and  Materia  Medica,  Glasgow  University,  etc 
Sixth  Edition,  with  Therapeutical  Index  and  many  Illustrations.         Cloth,  I3.00 

CLEVELAHD'S  Pocket  Dictionary.  A  Pronouncing  Medical  Lexicon,  contaxoinf 
correct  Pronunciation  and  Definition  of  terms  used  in  medicine  and  the  col- 
lateral sciences,  abbreviations  used  in  prescriptions,  list  of  poisons,  their  anti- 
dotes, etc.  By  C.  H.  Cleveland,  m.d.  Thirty-third  Edition.  Very  small 
pocket  size.  Cloth,  .75;  Tucks  with  Podcet,  |ix» 

COHEN.  The  Throat  and  Voice.  By  J.Solis-Cohen,  m.d.  Illus.  i2mo.    Cloth,  .50 

COLLIE,  On  Fevers.  A  Practical  Treatise  on  Fevers,  Their  History,  Etiokigy. 
Diagnosis,  Prognosis  and  Treatment.  By  Alexander  Collie^  m.d.,  m.r.c?^ 
Lond.,  Medical  Officer  of  the  Homerton  and  of  the  London  Fever  Hospitils. 
With  Colored  Plates.     i2mo.  Cloth,  |2-9c 

COOPEB  Ain)  EDWABDS.  Diseases  of  the  Bectum  and  Anns.  By  Alfred 
Cooper,  f.r.c.s.,  Senior  Surgeon  to  St.  Mark's  Hospital  for  Fistula,  and  F. 
SwiNFORD  Ed>^ards,  F.R.C.S.,  Surgeon  to  the  West  London  and  St.  Pdeis 
Hospitals  and  Senior  Assistant  Surgeon  to  St.  Mark's  Hospital.  Second  Editkoe. 
Enlarged.    Illustrated  with  9  Plates  and  60  Woodcuts,  Cloth.  %\JX: 
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COPLIH.  Practical  Hygiene.  By  W.  M.  L.  Coplin,  m.d.,  Adjunct  Professor  of 
Hygiene,  Jefferson  Medical  College,  Philadelphia.     Illustrated.  In  IVess, 

C&OCKEB.  Diseases  of  the  Skin.  Their  Description,  Pathology,  Diagnosis  and 
Treatment.  By  H.  Radcliffe  Crocker,  m.d.,  Physician  to  the  Dept.  of  Skin 
Dis.  University  College  Hospital,  London.  With  Illustrations.  Second  Edition. 
Enlarged.  In  Press, 

CULUHOWOETH.  AMannalofHnrsing,  Medical  and  Surgical.  By  Charles 
J.  CULLINGWORTH,  M.D..  Physician  to  St.  Thomas'  Hospitel,  Lx)ndon.  Third 
Revised  Edition.    With  i8  Illustrations.     i2mo.  Cloth,  .75 

A  Manual  for  Monthly  Horses.    Third  Edition.    32mo.  Cloth,  .50 

DAVIS.    Biology.     An  Elementary  Treatise.    By  J.  R.  Ainsworth  Davis,  of 

University  College,  Aberystwyth,  Wales.  Thoroughly  Illustrated.   i2mo.     $4.00 

DAVIS.    A  Manual  of  Obstetrics.    Being  a  complete  manual  for  Physicians  and 

Students.    By  Edward  P.  Davis,  m.d.,  Demonstrator  of  Obstetrics,  Jefferson 

Medical  College ;   Physician  to  the  Philadelphia  Hospital ;   Editor  American 

Journal  Medical  Sciences,  etc.    With  11  Colored  and  other  Lithograph  Plates 

and  1 2Sr  other  Illustrations.     i2mo.  Cloth,  |2.oo 

Clinical  Obstetrical  Chart.  Desisted  by  Ed.  P.  Davis,  m.d.,  and  J.  P.  Crozer 

Griffith,  m.d.  Sample  copies  tree.    Put  up  in  loose  packages  of  50,         .50 

Price  to  Hospitals,  500  copies,  ^00;  1000  copies,  I7.50.    With  name  of 

Hospital  printed  on,  50  cents  extra. 

DAY.  On  Headaches.  The  Nature,  Causes  and  Treatment  of  Headaches.  By 
Wm.  H.  Day,  m.d.    Fourth  Edition.    Illustrated.    8vo. '  Paper,  .75;  Cloth,  $1.25 

DOMYILLE.  Mannal  for  Hnrses  and  others  engaged  in  attending  to  the  sick.  By 
Ed.  J.  DoMviLLE,  M.D.  7th  Edition.  Revised.  With  Recipes  for  Sick-room 
Cookery,  etc.     i2mo.  Cloth,  .75 

DUCKWOBTH.  On  Gout.  Ulnstrated.  A  treatise  on  Gout.  By  Sir  Dyce 
Duckworth,  m.d.  (Edin.),  f.r.c.p..  Physician  to,  and  Lecturer  on  Clinical 
Medicine  at,  St.  Bartholomew's  Hospital,  London.  With  Chromo-lithographs 
and  Engravings.     Octavo.  Cloth,  $7.00 

DULLES.  What  to  Do  First,  In  Accidents  and  Poisoning.  By  C.  W.  Dulles,  m.d. 
Fourth  Edition,  Enlarged,  with  new  Illustrations.  Cloth.  $1.00 

EDIS.  Sterility  in  Women.  By  A.  W.  Edis,  m.d.,  f.r.c.p.,  late  President  British 
Gynaecological  Society;  Senior  Physician,  Chelsea  Hospital  for  Women;  Physician 
to  British  Lying-in  Hospital,  etc.    Illustrated.    8vo.  Cloth,  ^1.75 

FAOGE.  The  Principles  and  Practice  of  Medicine.  By  C.  Hilton  Faggb,  m.d., 
f.r.c.p.,  F.R.M.C.S.,  Physician  to,  and  Lecturer  on  PaAology  in,  Guy's  Hospital, 
etc.  Arranged  for  the  press  by  Philip  H.  Pye-Smith,  m.d.,  Lect.  on  Medicine 
in  Guy's  Hospital.  Including  a  section  on  Cutaneous  Affections,  by  the  Editor; 
Chapter  on  Cardiac  Diseases,  by  Samuel  Wilkes,  m.d.,  f.r.s.,  and  Complete 
Indexes  by  Robert  Edmund  Carrington.    2  vols.    Royal  8vo. 

Cloth,  $8.00;    Leather,  ^10.00;    Half  Russia,  $12.00 

PEFWICK.  Stndent's  Onide  to  Physical  Diagnosis.  By  Saml.  Fenwick,  m.d., 
M.R.C.P.,  Physician  to  the  London  Hospital.  Seventh  Edition.  117  Illustrations. 
i2mo.  Cloth,  $2.25 

PIELD.  Eyacnant  Medication — Cathartics  and  Emetics.  By  Henry  M.  Field. 
M.D.,  Professor  of  Therapeutics,  Dartmouth  Medical  College,  Corporate  Mem- 
ber Gynaecological  Society  of  Boston,  etc.     i2mo.    288  pp.  Cloth,  $1.75 

FULEBBOWH.    A  Text-Book  of  Operative  Dentistry.    Written  by  invitation 

of  the  National  Association  of  Dental  Faculties.  By  Thomas  Fillebrown,  m.d., 
D.M.D.,  Professor  of  Operative  Dentistry  in  the  Dental  School  of  Harvard  Uni- 
versity; Member  of  the  American  Dental  Assoc,  etc.    lUus.    8Vo.     Clo.,  $2.50 

PLAOG.  Plastics  and  Plastic  Fillings,  as  pertaining  to  the  filling  of  all  Cavities 
of  Decay  in  Teeth  below  medium  in  structure,  and  to  difficult  and  inaccessible 
cavities  in  teeth  of  all  grades  of  structure.  By  J.  Fqster  Flagg,  d.d.s..  Professor 
of  Dental  Pathology  in  Philadelphia  Dental  College.  Fourth  Revised  Edition. 
With  many  Illustrations.    8vo.  Cloth,  I4.00 
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FLOWEB'S  Diagrams  of  the  Henrei  of  the  Human  Body.  Exhibiting  their 
Origin,  Divisions  and  Connections,  with  their  Distribution  to  the  various  R^oos 
of  the  Cutaneous  Surface  and  to  all  the  Muscles.  By  William  H.  Flower, 
F.R.C.S.,  F.R.S.,  Hunterian  Professor  of  Comparative  Anatomy,  and  Conservator 
of  the  Museum  of  the  Royal  College  of  Surgeons.  Third  Edidon,  thoroughly 
revised.    With  six  Large  Folio  Maps  or  Diagrams.    4to.  Cloth,  53.50 

ELUCKIGEE.  The  Cinchona  Barks  Pharmacognostically  Considered.  By 
Professor  Friedrich  FlOckiger,  of  Strasburg.  Translated  by  Frederick  B. 
Power,  ph.d.    With  8  Lithographic  Plates.    Royal  octavo.  Cloth,  $1.50 

FOWLER'S  Dictionary  of  Practical  Medicine.  By  Various  Writers.  An  Ency- 
clopedia of  Medicine.  Edited  by  James  Kingston  Fowler,  m.a.,  m.d.,  f.r.c.p., 
Senior  Asst.  Physician  to,  and  Lecturer  on  Pathological  Anatomy  at.  the  Mid- 
dlesex Hospital  and  the  Hospital  for  Consumpdon  and  Diseases  of  the  Chest, 
Brompton,  London.    8vo.  Cloth,  ^5.00;  Half  Morocco,  ^x» 

FOX.  Water,  Air  and  Food.  Sanitary  Examinations  of  Water,  Air  and  Food. 
By  Cornelius  B.  Fox,  m.d.    i  10  Engravings.    2d  Ed.,  Revised.        Cloth,  $^xm 

FOX  AHD  OOULI).    Compend  on  Diseases  of  the  Eye  and  Sefraetion. 

including  Treatment  and  Surgery.  By  L.  Webster  Fox,  m.d.,  Chief  Clinicai 
Assistant,  Ophthalmological  Department,  Jefferson  Medical  College  Hospital; 
Ophthalmic  Surgeon,  Germantown  Hospital,  Philadelphia ;  late  Clinical  Assistant 
at  Moorfields,  London,  England,  etc.,  and  Geo.  M.  Gould,  m.d.  Second  Editioii. 
Enlarged.  71  Illustrations  and  39  Formulae.  Being  No,  8,  f  Qnts- Compend  f 
Series,  Cloth,  $1.00.      Interleaved  for  the  addition  of  notes,  ^1.25 

FBAKKLABD'8  Water  Analysis.  For  Sanitary  Purposes,  with  Hints  for  the  In- 
terpretation of  Results.    By  £.  Franrland,  m.d.    IUus.     i2mo.      Cloth,  ^1.00 

FTTLLEBTOH.  Obstetrical  Hnrsing.  A  Handbook  for  Nurses,  Students  and 
Mothers.  By  Anna  M.  Fullerton,  m.d..  Demonstrator  of  Obstetrics  in  the 
Woman's  Nledical  College;  Physician  in  charge  of,  and  Obstetrician  and 
Gynaecologist  to,  the  Woman's  Hospital,  Philadelphia,  etc.  34  Illustrations. 
Second  Edition.    Revised  and  Enlarged.    i2mo.  Cloth,  $1.25 

Nnrsing  in  Abdominal  Snrgery  and  Diseases  of  Women.    Comprising  the 

Regular  Course  of  Instruction  at  the  Training  School  of  the  Woman's 
Hospital,  Philadelphia.    70  Illustrations.     i2mo.  Cloth,  ^1.50 

OALABIV'S  Midwifery.  A  Manual  for  Students  and  Practitioners.  By  A.  Lewis 
Galabin,  m.d.,  f.r.(;.p.,  Professor  of  Midwifery  at,  and  Obstetric  IHiysician  to, 
Guy's  Hospital,  London.     227  Illustrations.  Cloth,  ^3.00;  Leather,  ^3.50 

OAEDITEE.    The  Brewer,  Distiller  and  Wine  Mannfetctorer.  A  Handbook  for 

all  Interested  in  the  Manufactiu'e  and  Trade  of  Alcohol  and  Its  Compounds. 
Edited  by  John  Gardner,  f.c.s.     Illustrated.  Cloth,  I1.75 

Bleaching,  Dyeing,  and  Calico  Printing.  With  Formulae.   Illustrated.    $1.75 

Acetic  Acid,  Vinegar,  Ammonia  and  Alum.     Illustrated.  Cloth,  I1.75 

OABJEtOD.  On  Ehenmatism.  A  Treatise  on  Rheumatism  and  Rheumatic  Arthrkis. 
By  Archibald  Edward  Garrod,  m.a.  Oxon.,  m.d.,  m.r.cs.  Elng.,  Asst.  Phy- 
sician, West  London  Hospital.    Illustrated.    Octavo,  Oodi,  |6.oo 

GILLIAM'S  Pathology.  The  Essentials  of  Pathology ;  a  Handbook  for  Stodoits. 
By  D.  Tod  Gilliam,  m.d.,  Professor  of  Physiology,  Stariing  Medical  College, 
Columbus,  O.    With  47  Illustrations.   i2mo.  Cloth,  $2JQ0 

OOODHABT  and  STAEE*8  Diseases  of  Children.  The  Student's  Guide  to  the 
Diseases  of  Children.  By  J.  F.  Goodhart,  m.d.,  f.r.c.p.,  Physician  to  Evelina 
Hospital  for  Children  and  to  Guy*s  Hospital.  Second  American  from  the  Third 
English  Edition.  Rearranged  and  Edited,  with  notes  and  additions,  by  Locis 
Starr,  m.d..  Clinical  Professor  of  Diseases  of  Children  in  the  University  of 
Pennsylvania ;  Physician  to  the  Children's  Hospital.  With  many  new  pr^ciip- 
tions.  Cloth,  $3.00;  Leather,  ^$0 


MEDICAL  AND  SCIENTIFIC  PUBLIC  A  TIONS.  11 

OOODHART.  Common  Henroses,  or  the  Neurotic  Element  in  Disease  and  Its 
Rational  Treatment.  By  J.  F.  Goodhart,  m.d.,  f.r.c.p.,  Physician  to  Guy's 
Hospital,  etc.     i2mo.  Parchment  Covers,  |o.6o 

OOBGAS'S  Dental  Medicine.  A  Manual  of  Materia  Medica  and  Therapeutics. 
By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s.,  Professor  of  the  Principles  of  Dental 
Science,  Dental  Surgery  and  Dental  Mechanism  in  the  Dental  Dep.  of  the  Univ. 
of  Maryland.    4th  Edition.    Revised  and  Enlarged.    8vo.  Cloth,  I3.50 

GOULD'S  Hew  Medical  Dictionary.  Including  all  the  Words  and  Phrases  used 
in  Medicine,  with  their  proper  Pronunciation  and  Definitions,  based  on  Recent 
Medical  Literature.  By  George  M.  Gould,  b.a.,  m.d..  Ophthalmic  Surgeon  to 
the  Philadelphia  Hospital,  etc.,  With  Tables  of  the  Bacilli,  Micrococci,  Leuco- 
maines.  Ptomaines,  etc.,  of  the  Arteries,  Muscles,  Nerves,  Ganglia  and  Plexuses; 
Mineral  Springs  of  U.  S.,  Vital  Statistics,  etc.    Small  octavo,  520  pages. 

Half  Dark  Leather,  ^3.25;  Half  Morocco,  Thumb  Index,  $4.25 

*^*  Sample  pages  and  descriptive  circular  of  Gould's  Dictionary  sent  free  upon 
application.    See  page  4, 

60WEBS,  Manual  of  Diseases  of  the  Henrons  Svstem.  A  Complete  Text-book. 
By  William  R.  Gowers,  m.d.,  Prof.  Clinical  Medicine,  University  College, 
London.  Physician  to  National  Hospital  for  the  Paralyzed  and  Epileptic.  Second 
Edition.  Revised,  Enlarged  and  in  many  parts  rewritten.  With  many  new 
Illustrations.    Two  Volumes.    Octavo. 

Vol.  I.    Diseases  of  the  Herves  and  Spinal  Cord.    616  pages.      Cloth,  $3.50 

Vol.  IL     Diseases  of  the  Brain    and   Cranial   Herves;   General  and 
Fnnotional  Diseases.  Nearly  Ready, 

Diagnosis  of  Diseases  of  the  Brain.    8vo.   Second  Ed.    Illus.    Cloth,  $2.00 

Diagnosis  of  Diseases  of  the  Spinal  Cord.    4th  Edition.  Preparing, 

Medical  Ophthalmoscopy.  A  Manual  and  Atlas,  with  Colored  Autotype  and 
Lithographic  Plates  and  Wood-cuts,  comprising  Original  Illustrations  of  the 
changes  of  the  Eye  in  Diseases  of  the  Brdin,  Kidney,  etc.  Third  Edition. 
Revised,  with  the  assistance  of  R.  Marcus  Gunn,  f.r.cs.,  Surgeon,  Royal 
London  Ophthalmic  Hospital,  Moorfields.    Octavo.  Cloth,  $5.50 

OB0SS*S  Biography  of  John  Hnnter.  John  Hunter  and  His  Pupils.  By  Profes- 
sor S.  D.  Gross,  m.d.    With  a  Portrait    8vo.  Paper,  .75 

OJEUEENHOW.  Chronic  Bronchitis,  as  connected  with  Gout,  Emphysema,  and 
Diseases  of  the  Heart.    By  E.  H.  Greenhow,  m.d.        Paper,  .75 ;  Cloth,  $1.25 

OBIEFITH'8  Graphic  CUnical  Chart.  Designed  by  J.  P.  Crozer  Griffith, 
M.D.,  Instructor  in  Clinical  Medicine  in  the  University  of  Pennsylvania.  Printed 
in  three  colors.    Sample  copies  free.  Put  up  in  loose  packages  of  50,    .50 

Price  to  Hospitals,  500  copies,  jM^.00;  1000  copies,  $7.50.  With  name  of  Hos- 
pital printed  on,  50  cents  extra. 

OBOYES  AHD  THO&P.  Chemical  Technology.  A  new  and  Complete  Work. 
The  Application  of  Chemistry  to  the  Arts  and  Manufactures.  Edited  by 
Charles  E.  Groves,  f.r.s.,  and  Wm.  Thorp,  b.sc.,  f.i.c.  In  about  eight  vol- 
umes, with  numerous  illustrations.    Ecuh  volume  sold  separately, 

VoL  I.  Fuel.  By  Dr.  E.  J.  Mills,  f.r.s.,  Professor  of  Chemistry,  Anderson 
College,  Glasgow ;  and  Mr.  F.  J.  Rowan,  assisted  by  an  American  expert.  607 
Illustrations  and  4  plates.    Octavo.  Cloth,  7.50;  Half  Morocco,  ^.00 

HACKEB.    Antiseptic  Treatment  of  Wounds,  Introduction  to  the,  according  to 

the  Method  in  Use  at  Professor  Billroth*s  Clinic,  Vienna.  By  Dr.  Victor  R.  v. 
Hacker,  Assistant  in  the  Clinic  Billroth,  Professor  of  Surgery,  etc.  Authorized 
Translation,  by  Surgeon-Captain  C.  R.  Kilkelly,  m.b.,  British  Army  Medical 
Staff,  with  a  Photo-Engraving  of  Billroth  in  his  Clinic.     i2mo.  Cloth,  .75 
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HADDOB'*S  Embryology.  An  Introduction  to  the  Study  of  Embryology.  For 
the  Use  of  Students.  By  A.  C.  Haddon,  m.a.,  Prof,  of  Zodlogy,  Royal  College 
of  Science,  Dublin.     190  Illustrations.  Cloth.  |6.oo 

HAIO.  Cansation  of  Disease  by  Uric  Aoid.  A  Contribution  to  the  Pathology  of 
High  Arterial  Tension,  Headache,  Epilepsy,  Gout,  Rheumatism,  Diabetes, 
Bright's  Disease,  etc.  By  Alex.  Haig,  m.a.,  m.d.  Oxon.,  f.r.c.p..  Physician  to 
Metropolitan  Hospital,  London.    Illustrated.    Octavo.  Cloth,  ^3x0 

HALE  On  the  Management  of  Children  in  Health  and  Disease.  A  Book  for 
Mothers.    By  Amie  M.  Hale,  m.d.    New  Enlarged  Edition.    i2mo.    Cloth,  .7$ 

HAKE.  Mediastinal  Disease.  The  Pathology,  Clinical  History  and  Diagnosb  of 
Affections  of  the  Mediastinum  other  than  those  of  the  Heart  and  Aorta,  with 
tables  giving  the  Clinical  History  of  520  cases.  The  essay  to  which  was  awarded 
the  Fothergillian  Medal  of  the  Medical  Society^  of  London,  1888.  By  H.  A. 
Hare,  m.d.  (Univ.  of  Pa.),  Professor  of  Matena  Medica  and  Therapeutics  in 
Jefferson  Medical  College,  Phila.    8vo.    Illustrated  by  Six  Plates.       Cloth,  |2.oo 

HABLAH.  Eyesight,  and  How  to  Care  for  It  By  George  C.  Harlan,  mj>.. 
Prof,  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic.    Illustrated.        Qoth,  .50 

HABBI8*8  Principles  and  Praotice  of  Dentistry.  Including  Anatomy,  Physi- 
ology, Pathology,  Therapeutics,  Dental  Surgery  and  Mechanism.  By  Chapin  A. 
Harris,  m.d.,  d.d.s.,  late  President  of  the  Baltimore  Dental  College,  author  of 
'*  Dictionary  of  Medical  Terminology  and  Dental  Surgery."  Twelfiii  Edition. 
Revised  and  Edited  by  Ferdinand  J.  S.  Gorgas,  a.m.,  m.d.,  d.d.s.,  author  of 
"Dental  Medicine;"  Professor  of  the  Principles  of  Dental  Science,  Dental 
Surgery  and  Dental  Mechanism  in  the  University  of  Maryland.  Two  Full-page 
Plates  and  1086  Illustrations.    1225  pages.    8vo.       Cloth,  I7.C0;  Leather,  ^8.00 

Dictionary  of  Dentistry.  Fifth  Edition,  Revised.  Including  DefinttioDS  of 
such  Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the  Art  and 
Practice  of  Dentistry.  Fifth  Edition.  Rewritten,  Revised  and  Enlarged. 
By  Ferdinand  J.  S.  Gorgas,  m.d.,  d.d.s..  Author  of  "Dental  Medicine;*' 
Editor  of  Harris's  **  Principles  and  Practice  of  Dentistry ; "  Professor  of 
Principles  of  Dental  Science,  Dental  Surgery,  and  Prosthetic  Dentistry  in  the 
University  of  Maryland.    Octavo.  Cloth,  ^5.00 ;  Leather,  |6.oo 

HAETBIDOE.  Refraction.  The  Refraction  of  the  Eye.  A  Manual  for  Students. 
By  GusTAVUS  Hartridge,  f.r.c.s..  Consulting  Ophthalmic  Surgeon  to  St  Bar* 
tholomew's  Hospital ;  Ass't  Surgeon  to  the  Royal  Westminster  Ophthalmic  Hos- 
pital, etc.    96  Illustrations  and  Test  Types,    tifth  Edition.  Qoth,  ^1.75 

On  The  Ophthalmoscope.  A  Manual  for  Physicians  and  Students.  VTith 
Colored  Plates  and  many  Woodcuts.     i2mo.  Cloth,  $1.50 

HABTSHOEHE.  Our  Homes.  Their  Situation,  Construction,  Drainage,  etc  Bj 
Henry  Hartshorne,  m.d.    Illustrated.  Qoth,  .50 

HATFIELD.  Diseases  of  Children.  By  Marcus  P.  Hatfield,  Professor  of 
Diseases  of  Children,  Chicago  Medical  College.  With  a  Colored  Plate-  B€im^ 
No,  14,  t  Quiz- Compendt  Series,     i2mo.  Qoth,  1 1.00 

Interleaved  for  the  addition  of  notes,  I1.25 

HEADLAND'S  Action  of  Medicines.  On  the  Action  of  Medicines  in  the  System. 
By  F.  W.  Headland,  m.d.    Ninth  American  Edition.    8vo.  Qoth,  I3J00 

HEATH'S  Minor  Snrgenr  and  Bandaging.  By  Christopher  Heath,  f.r.cs.. 
Holme  Professor  of  Cflinical  Surgery  in  University  College,  London.  Ninth 
Edition.    Revised  and  Enlarged.    With  142  Illustrations.     i2mo.      Cloth,  $ijoo 

Practical  Anatomy.    A  Manual  of  Dissections.    Seventh  London  Ecfitios. 
24  Colored  Plates,  and  nearly  300  other  Illustrations.  Cloth,  I5JOO 
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HEATH.    Iigiiries  and  Diseases  of  the  Jaws.   Third  Edition.   Revised,  with  over 
150  Illustrations.    8vo.  Cloth,  I4. 50 

Lectures  on  Certain  Diseases  of  the  Jaws,  delivered  at  the  Royal  College  of 
Surgeons  of  England,  1887.    64  Illustrations.    8vo.  Boards,  ^i. 00 

HEHBY.  AnflBmia.  A  Practical  Treatise.  By  Fred'k  P.  Henry,  m.d.,  Prof. 
Clinical  Med.  Phila.  Polyclinic,  Physician  to  Episcopal  and  Phila.  Hospitals,  to 
Home  for  Consumptives,  etc.     i2mo.  Half  Cloth,  .75 

HIOOEHS*  Ophthalmic  Practice.  A  Manual  for  Students  and  Practitioners.  By 
Charlf.s  Higgens,  F.R.C.S.,  Ophthalmic  Surgeon  at  Guy's  Hospital.  Illus- 
trated.    i2mo.  Cloth,  ^1.75 

HILL  Ain)  COOPEE.  Venereal  Diseases.  The  Student's  Manual  of  Venereal 
Diseases,  being  a  concise  description  of  those  Affections  and  their  Treatment. 
By  Berkeley  Hill,  m.d.,  Professor  of  Clinical  Sureery,  University  College,  and 
Arthur  Cooper,  m.d.,  Late  House  Surgeon  to  Uie  Lock  Hospital,  London. 
4th  Edition.     i2mo.  Cloth,  ^i.oo 

HOLDEH*S  Landmarks.    Medical  and  Surgical.    4th  Edition.    8vo.    Cloth,  ^1.25 

HOLD£H*S  Anatomy.  A  Manual  of  the  Dissections  of  the  Human  Body.  Bv 
Luther  Holden,  f.r.c.s.  Fifth  Edition.  Carefully  Revised  and  Enlarged. 
Specially  concerning  the  Anatomy  of  the  Nervous  System,  Organs  of  Special 
Sense,  etc.  By  John  Langton,  f.r.c.s.,  Surgeon  to,  and  Lecturer  on  Anatomy 
at,  St.  Bartholomew's  Hospital.    208  Illustrations.    8vo. 

Oilcloth  Covers,  for  the  Dissecting  Room,  $4.50 

Human  OsteoloCT.  Comprising  a  Description  of  the  Bones,  with  Colored 
Delineations  of  the  Attachments  of  the  Muscles.  The  General  and  Micro- 
scopical Structure  of  Bone  and  its  Development.  Carefully  Revised,  by 
the  Author  and  Prof.  Stewart,  of  the  Royal  College  of  Surgeons'  Museum. 
With  Lithographic  Plates  and  Numerous  Illustrations.   7th  Ed.   Clotii,  ^6.00 

HOLLAHD.  The  Urine,  the  Common  Poisons  and  the  Milk.  Memoranda,  Chem- 
ical and  Microscopical,  for  Labora^ry  Use.  By  J.  W.  Holland,  m.d..  Professor 
of  Medical  Chemistry  and  Toxicology  in  Jefferson  Medical  College,  of  Philadel- 
phia. Fourth  Edition.  Enlarged*  Illustrated  and  Interleaved.  i2mo.   Cloth,  ^i. 00 

HORSLEY.  The  Hervons  System.  Its  Structure  and  Functions.  Being  the  Ful- 
lerian  Lectures  on  Physiology  for  1891.  By  Victor  A.  Horsley,  m.b.,  f.r.s., 
etc..  Assistant  Surgeon,  University  College  Hospital,  Professor  of  Pathology, 
University  College,  London,  etc.    With  numerous  illustrations.     Nearly  Recufy, 

HOBWITZ'S  Compend  of  Snrffery,  including  Minor  Surgery,  Amputations,  Frac- 
tures, Dislocations,  Surgical  Diseases,  and  the  Latest  Antiseptic  Rules,  etc.,  with 
Differential  Diagnosis  and  Treatment.  By  Orville  Horwitz,  b.s.,  m.d.,  Dem- 
onstrator of  Anatomy,  Jefferson  Medical  College ;  Chief,  Out- Patient  Surgical 
Department,  Jefferson  Medical  CoUegje  Hospital.  Third  Edition.  Very  much 
Enlarged  and  Rearranged.  91  Illustrations  and  77  Formulae.  i2mo.  No.  g  tQuis- 
Compend  f  Series.         Cloth,  ^i.oo.    Interleaved  for  the  addition  of  notes,  ^1.25 

HUGHES.  Compend  of  the  Practice  of  Medicine.  Fourth  Edition.  Revised  and 
Enlai^ed.  By  Daniel  E.  Hughes,  m.d..  Demonstrator  of  Clinical  Medicine  at 
Jefferson  Medical  College,  Philadelphia.  In  two  parts.  Being  Nos,  2  and  j, 
f  Quiz- Compend  t  Series. 

Part  I. --Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach, 
Intestines,  Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General 
Diseases,  etc. 

Part  II. — Diseases  of  the  Respiratory  System,  Circulatory  System  and  Ner- 
vous System  ;  Diseases  of  the  Blood,  etc. 

Price  of  each  Part,  in  Cloth,  $1.00 ;  interleaved  for  the  addition  of  Notes,  |i.2$ 

Physicians*  Edition. — In  one  volume,  including  the  above  two  parts,  a  sec- 
tion on  Skin  Diseases,  and  an  index.  Fourth  revised^  enlarged  Edition. 
462  pages.  Full  Morocco,  Gilt  Edge,  ^2.50 
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HITHPH&EY.  A  Hanual  for  Horses.  Including  general  Anatomy  and  Physiology, 
,^  management  of  the  sick-room,  etc.      By  Laurence  Humphrey,  m.a.,  m.b., 
^  ^  M.R.c.s.^  Assistant  Physician  to,  and  Lecturer  at,  Addenbrook*s  Hospital,  Cam- 
bridge, England.    6th  Edition.     i2mo.    Illustrated.  Cloth,  ^1.35 

HTITCHIHSOH.  The  Hose  and  Throat.  A  Manual  of  the  Diseases  of  the  Nose 
and  Throat,  including  the  Nose,  Naso-Pharynx,  Pharynx  and  Larynx.  By 
Procter  S.  Hutchinson,  m.r.c.s.,  Ass't  Surgeon  to  the  London  Hospital  for 
Diseases  of  the  Throat.  Illustrated  by  several  Lithog^ph  Plates  and  40  other 
plates,  many  of  which  have  been  made  from  original  drawings.  1 2mo.  Cloth,  ^1.25 

JACOBSOH.    Operations  of  Snidery.    By  W.  H.  A.  Jacobson,  b.a.  oxon., 

••  F.R.C.S.,  Eng. ;  Ass't  Surgeon,  Guy*s  Hospital ;  Surgeon  at  Royal  Hospital  for 

•H^Children  and  Women,  etc.    With  over  200  Illust.      Cloth,  ^5.00 ;  Leather,  $6joo 

JAWOESEI.  Carlsbad  Spnidel  Salt  Its  Action,  Therapeutic  Value  and  Use, 
and  its  relation  to  the  Carlsbad  Thermal  Water.  By  Dr.  W.  Jaworski.  Univcr- 
sitats-Dozenten  in  Krakau,  with  a  Dietary  by  the  Translator,  A.  L.  A.  Toboldt, 
M.D.,  Ass't  Demonstrator  of  Pharmacy,  University  of  Pennsylvania, 

Octavo.    Cloth,  $2.00 

KIEKES*  Physiology.  {Authorized  Edition.  i2mo.  Dark  Red  Cloth,)  A  Hand- 
book of  Physiology.  Twelfth  London  Edition,  Revised  and  Enlarged.  By  W. 
MoRRANT  Baker,  h.d.,  and  Vincent  Dormer  Harris,  m.d.  502  Illustrations. 
i2mo.    880  Pages.  CloUi,  $4.00;  Leather,  ^5.00 

KLEEH  AHD  HAETWELL.    Handbook  of  Massage.    By  Emil  Kleen,  m.d., 

PH.D.,  Stockholm  and  Carlsbad.  Authorized  Translation  from  the  Swedish,  by 
Edward  Mussey  Hartwell,  m.d.,  ph.d..  Director  of  Physical  Training  in  the 
Public  Schools  of  Boston.  With  an  Introduction  by  Dr.  S.  Weir  Mitchell, 
of  Philadelphia.  Illustrated  with  a  series  of  Photographs  made  specially  by 
Dr.  Kleen  for  the  American  Edition.    Svo.  In  Press, 

LAHDIS*  Compend  of  Obstetrics ;  especially  adapted  to^  the  Use  of  Students  and 
Physicians.  By  Henry  G.  Landis,  m.d.,  Professor  of  Obstetrics  and  Diseases 
of  Women  in  Starling  Medical  College,  Columbus,  Ohio.  Fourth  EUiition. 
Enlarged.    With  Many  Illustrations.    No.^  fQuis- Compend  f  Series. 

Cloth,  ^i.oo;  interleaved  for  the  addition  of  Notes,  ^1.25 

LAHDOIS.  A  Text-Book  of  Human  Physiology ;  including  Histology  and  Micro- 
scopical Anatomy,  with  special  reference  to  me  requirements  of  Practical  Medi- 
cine. By  Dr.  L.  Landois,  Professor  of  Physiology  and  Director  of  the  Physio- 
logical Institute  in  the  University  of  Greifswald.  Fourth  American,  translated 
from  the  Seventh  German  Edition,  with  additions,  by  Wm.  Stirling,  m.d.,  d.Sc., 
Brackenbury  Professor  of  Physiology  and  Histology  in  Owen's  Colle^,  and  ftx>- 
fessor  in  Victoria  University,  Manchester ;  Examiner  in  Physiology  in  University 
of  Oxford,  England.  With  845  Illustrations,  many  of  which  are  printed  in 
Colors.    Svo.  Qoth,  ^7.00 ;  Leather,  |S.oo 

LEBEE  AHD  EOTTEHSTEIH.  Dental  Caries  and  Its  Causes.  An  Investigation 
into  the  Influence  of  Fungi  in  the  Destruction  of  the  Teeth.  By  Drs.  Tjfwwh 
and  RoTTENSTEiN.    Illustrated.  Paper,  .75 

LEE.  The  HicrotomiBt's  Vade  Heoam.  Second  Edition.  A  Handbook  of 
Methods  of  Microscopical  Anatomy.  By  Arthur  Bolles  Lee,  Ass't  in  the  Rus- 
sian Laboratory  of  Zoology,  at  Villefranche-sur-Mer  (Nice).  660  Formulae,  etc 
Enlarged  and  Revised.  Cloth,  $4X)o 

LEFFHAHH'S  Compend  of  ChemiBtry,  Inorganic  and  Organic.  Including  Urine 
Analysis.  By  Henry  Leffmann,  m.d.,  ftof.  of  Chemistry  and  Metallurgy  in 
the  Penna.  College  of  Dental  Surgery  and  in  the  Wagner  Free  Institute  of 
Science,  Philadelphia.  No.  10  f  Quiz- Compend  f  Series.  Third  Edition.  Re- 
written. Cloth,  $1.00.    Interleaved  for  the  addition  of  Notes,  ^1.25 
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LEFFHANH  &  BEAM.    Examination  of  Water  for  Sanitary  and  Technical  Pur- 

?oses.  By  Henry  Leffmann,  m.d.,  Professor  of  Chemistry  and  Metallurgy, 
enna.  College  of  Dental  Surgery,  Hygienist  and  Food  Inspector  Penna.  State 
Board  of  Agriculture,  etc.;  and  William  Beam,  a.m.,  formerly  Chief  Chemist 
B.  &  O.  R.  R.    Second  Exiition.    Enlarged.    Illustrated.     i2mo.      Cloth,  ^1.25 

Progretsive  Exeroises  in  Practical  Chemistry.    A  Laboratory  Handbook. 

Illustrated.     i2mo.  Cloth,  ^1.00 

LEOG  on  the  Urine.  Practical  Guide  to  the  Examination  of  Urine.  By  J. 
Wickham  Legg,  m.d.    Sixth  Edition,  Enlarged.    Illustrated.     i2mo.    Cloth,  .75 

LEWEBS.    On  the  Diseases  of  Women.    A  Practical  Treatise.    By  Dr.  A.  H. 

N.  Lewers,  Assistant  Obstetric  Physician  to  the  London  Hospital ;  and  Phy- 
sician to  Out-patients,  Queen  Charlotte's  Lying-in  Hospital ;  Examiner  in  Mid- 
wifery and  Diseases  of  Women  to  the  Society  of  Apothecaries  of  London.  With 
146  Engravings.    Second  Edition,  Revised.  Cloth,  I2.50 

LEWISy  (BEVAH).  'Mental  Diseases.  A  text-book  having  special  reference  to  the 
Pathological  aspects  of  Insanity.  By  Bevan  Lewis,  l.r.c.p.,  m.r.cs..  Medi- 
cal Director,  West  Riding  Asylum,  Wakefield,  England.  18  Lithographic  Plates 
and  other  Illustrations.    8vo.  Cloth,  ^6.00 

UHCOLH.    Sohool  and  Industrial  Hygiene.   By  D.  F.  Lincoln,  m.d.    Cloth,  .50 

LIZABS,  (JOHH).    On  Tobacoo.    The  Use  and  Abuse  of  Tobacco.         Cloth,  .50 

L0HOLEY*S  Poeket  Medical  Dictioniuy  for  Students  and  Physicians.  Giving 
the  Correct  Definition  and  Pronunciation  of  all  Words  and  Terms  in  Genersd 
Use  in  Medicine  and  the  Collateral  Sciences,  with  an  Appendix,  containing 
Poisons  and  their  Antidotes,  Abbreviations  Used  in  Prescriptions,  and  a  Metric 
Scale  of  Doses.    By  Ellas  Longley.        Cloth,  |i.oo;  Tucks  and  Pocket,  $1.25 

XACVAKAEA.  On  the  Eye.  A  Manual  of  the  Diseases  of  the  Eye.  By  C. 
Macnamara,  m.d.  Fifth  Edition,  Carefully  Revised;  with  Additions  and 
Numerous  Colored  Plates,  Diagrams  of  Eye,  Wood-cuts,  and  Test  Types. 
Demi  8vo.  Cloth,  I4.00 

XACALISTEE'S  Human  Anatomy.  800  ninstrations.  A  New  Text-book  for 
Students  and  Practitioners.  Systematic  and  Topographical,  including  the 
Embryology,  Histology  and  Morphology  of  Man.  With  special  reference  to  the 
requirements  of  Practical  Surgery  and  Medicine.  By  Alex.  Macalister,  m.d., 
F.R.S.,  Professor  of  Anatomy  in  the  University  of  Cambridge,  England ;  Examiner 
in  Zo5logy  and  Comparative  Anatomy,  University  of  London ;  formerly  Professor 
of  Anatomy  and  Surgery,  University  of  Dublin.  With  816  Illustrations,  400  of 
which  are  original.    Octavo.  Cloth,  ^7.50;  Leather,  $8.50 

IIACBOHALD'S  Hioroscopical  Examinations  of  Water  and  Air.  A  Guide  to  the 
Microscopical  Examination  of  Drinking  Water,  with  an  Appendix  on  the  Micro- 
scopical Examination  of  Air.  By  J.  D.  Macoonald,  m.d.  With  25  Litho- 
graphic Plates,  Reference  Tables,  etc.  Second  Ed.,  Revised.    8vo.  Cloth,  I2.75 

MACXETfZTE.    Diseases  of  the  Throat  and  Hose.   By  Sir  Morell  Mackenzie, 

M.D.,  Senior  Physician  to  the  Hospital  for  Diseases  of  the  Chest  and  Throat, 

London.    Illustrated.    2  Volumes.    Octavo. 

The  Pharmacopoeia  of  the  Hospital  for  Diseases  of  the  Throat  and  Nose. 

Fourth  Edition,  Enlarged,  Containing  250  Formulae,  with  Directions  for  their 

Preparation  and  Use.     i6mo.  Cloth,  $1.25 

]IAHH*S  Manual  of  Psychological  Medicine  and  Allied  Nervous  Diseases.  Their 
Diagnosis,  Pathology,  Prognosis  and  Treatment,  including  their  Medico-Legal 
Aspects ;  with  chapter  on  Expert  Testimony,  and  an  abstract  of  the  laws  relating 
to  the  Insane  in  all  the  States  of  the  Union.  By  Edward  C.  Mann,  m.d., 
member  of  the  New  York  County  Medical  Society.  With  Illustrations  of  Typical 
Faces  of  the  Insane,  Handwriting  of  the  Insane,  and  Micro-photographic  Sec- 
tions of  the  Brain  and  Spinal  Cord.    Octavo.  Cloth,  $5.00 
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HAESHALL*S  PhyBiolog^cal  Diagrams,  Life  Size,  Colored.    Eleven  Life-size 

Diagrams  (each  7  feet  by  3  feet  7  inches).  Designed  for  Demonstration  before 
the  Class.  By  John  Marshall,  f.r.s.,  f.r.c.s..  Professor  of  Anatomy  to  the 
Royal  Academy ;  Professor  of  Surgery,  University  College,  London,  etc. 

In  Sheets  Unmounted,  A>/,  I40.00 
Backed  with  Muslin  and  Mounted  on  Rollers,  A>/,  $60.00 
Ditto,  Spring  Rollers,  in  Handsome  Walnut  Wall  Map  Case  (Send  for 

Special  Circular) AV/.  ^loooo 

Single  Plates,  Sheets,  fu/,  ^5.00;  Mounted,  I7.50;  Explanatory  Key,  50  cents. 

No.  I — The  Skeleton  and  Ligaments.  No.  2 — The  Muscles  and  Joints,  wiih 
Animal  Mechanics.  No.  3 — The  Viscera  in  Position.  The  Structure  of  the  Lungs, 
No.  4 — The  Heart  and  Principal  Blood-vessels.  No.  5 — The  Lymphatics  or  Absorb- 
ents. No.  6 — The  Digestive  Organs.  No.  7 — The  Brain  and  Nerves.  Nos.  8  and  9— 
The  Organs  of  the  Senses.  Nos.  10  and  11 — The  Microscopic  Structure  of  the 
Textures  and  Organs.    (Send far  Special  Circular.) 

HAESHALL  &  SMITH.  On  the  Urine.  The  Chemical  Analysis  of  the  Urine. 
By  John  Marshall,  m.d.,  and  Prof.  Edgar  F.  Smith,  of  the  Chemical  Labora- 
tories, University  of  Pennsylvania.    Phototype  Plates.    i2mo.  Cloth,  |i.od 

MASOH'S  Compend  of  Electricity,  and  its  Medical  and  Surgical  Uses.  By 
Charles  F.  Mason,  m.d..  Assistant  Surgeon  U.  S.  Army.  With  an  Intro- 
duction by  Charles  H.  May,  m.d..  Instructor  in  the  New  York  Polyclinic 
Numerous  Illustrations.     i2mo.  Cloth,  %\X30 

XcBRIBE.  Biaeases  of  the  Throat,  Hoie  and  Ear.  A  Clinical  Manual  for  Stu- 
dents and  Practitioners.  By  P.  McBride,  m.  d.,  f.  r.  c.  p.  Exiin..  Surgeon  to  the 
Elar  and  Throat  Department  of  the  Royal  Infirmary ;  Lecturer  on  Diseases  of 
Throat  and  Ear,  Edinburgh  School  of  Medicine,  etc.  With  Colored  lUustratioDS 
from  Original  Drawings.    Octavo.  Handsome  Cloth,  Gilt  Top,  I7.00 

MAXWELL.  Terminolog^a  Hedica  Polyglotta.  By  Dr.  Theodore  Maxwell, 
assisted  by  others  in  various  countries.    8vo.  Cloth,  I4.00 

The  object  of  this  work  is  to  assist  the  medical  men  of  any  nationality  in  reading  medical  literature  vriRCB 
in  a  lansuage  not  their  own.  Each  term  is  usually  given  in  seven  languages,  vir. :  English,  Freitdi,  Geraaa, 
Italian,  Spanish,  Russian  and  Latin. 

MAYS*  Therapeutic  Forces ;  or,  The  Action  of  Medicine  in  the  Light  of  the  Doc- 
trine of  Conservation  of  Force.    By  Thomas  J.  Mays,  m.d.  Qodi,  $1.25 

Theine  in  the  Treatment  of  Henralgia.   Being  a  Contribution  to  the  Thera- 

peutics  of  Pain.     i6mo.  yi  bound,  .50 

KEDICAL  Directory  of  Philadelphia  and  Camden,  1888.    Containing  lists  of 

Physicians  of  all  Schools  of  Practice,  Dentists,  Veterinarians,  Druggists  and 
Chemists,  with  information  concerning  Medical  Societies,  Colleges  ana  Associa- 
tions, Hospitals,  Asylums,  Charities,  etc.  Morocco,  Gilt  edges,  ^2.90 

MEIOS.  Milk  Analysis  and  Infant  Feeding.  A  Practical  Treatise  on  the  Ex- 
amination of  Human  and  Cows'  Milk,  Cream,  Condensed  Milk,  etc,  and 
Directions  as  to  the  Diet  of  Youne  Infants.  By  Arthur  V.  Meigs,  m.d..  Physi- 
cian to  the  Pennsylvania  Hospital,  Philadelphia.    i2mo.  Ooch,  %\JCO 

MEIOB  and  PEPPEE  on  Children.  A  Practical  Treatise  on  the  Diseases  of 
Children.  By  J.  Forsyth  Meigs,  m.d.,  and  William  Pepper,  mj3.,  ProC^sor 
of  the  Principles  and  Practice  of  Medicine  in  the  Medical  Department,  Univer- 
sity of  Pennsylvania.    Seventh  Edition.  Cloth,  I5.00 ;  Leather,  |6xx} 

MEMMIKOEE.  Biag^sis  by  the  Urine.  The  Practical  Examination  of  Urine, 
with  Special  Reference  to  Dis^nosis.  By  Allard  Memmingbr,  m.d..  Professor 
of  Chemistry  and  of  Hygiene  in  the  Medical  College  of  the  State  of  S.  C. ;  Visiting 
Physician  in  the  City  Hospital  of  Charleston,  etc.    23  lUus.    i2mo.    Cloth,  $1.00 

MEEEELL*S  Digest  of  Materia  Xedica.  Forming  a  Complete  Pharmacopceia  for 
the  use  of  Physicians,  Pharmacists  and  Students.  By  Albert  Mrrrell,  M-O. 
Octavo.  Half  dark  Calf,  $4x0 
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ICE  YEB.  OphihalniolOffy.  A  Manual  of  Diseases  of  the  Eye.  By  Dr.  Edouaro 
Meyer,  Prof.  ^  L'fecoTe  de  la  Facult6  de  M6decine  de  Paris,  Chev.  of  the  Legion 
of  Honor,  etc.  Translated  from  the  Third  French  Edition,  with  the  assistance 
of  the  author,  by  A.  Freedland  Fergus,  m.b.,  Assistant  Surgeon  Glasgow 
Eye  Infirmary.  With  270  Illustrations,  and  two  Colored  Plates  prepared 
under  the  direction  of  Dr.  Richard  Liebreich,  m.r.cs.,  Author  of  the  "Atlas 
of  Ophthalmoscopy."    8vo.  Cloth,  I4.50 ;  Leather,  I5.50 

MILLS.  Fuel  and  Its  Applications.  By  E.  J.  Mills,  d.sc.,  p.r.s.,  and  £.  J. 
Rowan,  c.e.  (See  Groves  and  Thorp  Technology.)  8vo.  Clo.,  ^7.50 ;  Half  Mor.  $9.00 

• 

XOHEY.  On  Children.  Treatment  of  Disease  in  Children,  including  the  Outlines 
of  Diagnosis  and  the  Chief  Pathological  Differences  between  Children  and 
Adults.  By  Angel  Money,  m.d.,  m.r.c.p.,  Ass't  Physician  to  the  Hospital  for 
Sick  Children,  Great  Ormond  St.,  and  to  the  Victoria  Park  Chest  Hospital,  Lon- 
don.   2d  Edition.     i2mo.    560  pages.  Cloth,  I3.00 

XORBIS.  Compend  of  Oynseeology.  By  Henry  Morris,  m.d..  Demonstrator  of 
Obstetrics,  Jefferson  Medical  College,  Phila.,  etc.  With  Forty-five  illustrations. 
Being  t  Quiz- Compend t  No,  7.  Cloth,  |i.oo;  Interleaved  for  Notes,  $1.25 

MOTTLLIH.  Surgery.  A  Complete  Text-book.  By  C.  W.  Mansell  Moullin, 
M.A.,  M.D.  oxoN.,  F.R.C.S.,  Surgeon  and  Lecturer  on  Physiology  to  the  London 
Hospital ;  formerly  Radcliffe  Travelling  Fellow  and  Fellow  of  Pembroke  Col- 
le^^e,  Oxford.  With  colored  Frontispiece.  407  Illustrations,  200  of  which  are 
original,  and  many  of  which  are  printed  in  Colors.  By  Subscription  only.  Royal 
Octavo.    1 190  pages.  Handsomely  Bound  in  Cloth,  Net,  $7.00 ;  Leather,  Net,  $8.00 

Half  Russia  Crushed,  Marbled  edges  and  linings,  Net,  9.00 

MUBBELL.  HaBBOtherapentics.  Massage  as  a  Mode  of  Treatment.  By  Wm. 
Murrell.  m.d.,  F.R.C.P.,  Lecturer  on  Pharmacology  and  Therapeutics  at  West- 
minster Hospital.     5th  Edition.    Revised.    i2mo.  Cloth,  I1.50 

Chronic  Bronchitis  and  its  Treatment    {Authorized  Edition,)    A  Clinical 

Study.     i2mo.     176  pages.  Cloth,  $1.50 

MXTSKETT.  Prescribing  and  Treatment  in  the  Diseases  of  Infiuits  and  Child- 
ren. By  Philip  E.  Muskett,  Late  Surgeon  to  the  Sydney  Hospital,  Formerly 
Senior  Resident  Medical  Officer,  Sydney  Hospital.     32mo.  Cloth,  I1.75 

MOETOH  on  Eefhtction  of  the  Eye.  Its  Diagnosis  and  the  Correction  of  its  Errors. 
With  Chapter  on  Keratoscopy,  and  Test  Types.  By  A.  Morton,  m.b.  Fourth 
Edition,  Revised  and  Enlarged.  Cloth,  ^i.oo 

ITDTEE.  Practical  and  Analytical  Chemistry.  By  John  Muter,  p.r.s.,  p.cs., 
etc.  Fourth  Edition.  Revised,  to  meet  the  requirements  of  American  Medical 
Colleges,  by  Claude  C.  Hamilton,  m.d..  Professor  of  Analytical  Chemistry 
in  University  Med.  Col.  and  Kansas  City  Col.  of  Pharmacy.     5 1  Illus.   Cloth,  |2.oo 

V AFHEYS*  Modem  Therapeutics.    Hew  Eevised  Edition,  Enlarged  and  Im- 

? roved.  In  Two  Handsome  Volumes.  Edited  by  Allen  J.  Smith,  m.d.,  Ass't 
>emonstrator  of  Morbid  Anatomy  and  Pathological  Histology,  Lecturer  on 
Urinology,  University  of  Pennsylvania ;  Physician  in  the  Dispensary  for  Diseases 
of  Children,  University  Hospital,  etc. ;  and  J.  Aubrey  Davis,  m.d.,  Assistant 
Demonstrator  of  Obstetrics,  University  of  Pennsylvania. 

Vol.  I.— Medical  Therapeutics.    Therapeutics  of  Diseases  of  Children. 

Handsome  Half  Russia  binding.  Net,  $6.00 

Vol.  n.--Sarg^cal  Therapeutics.     Therapeutics   of  Oynsdcology  and 

Obstetrics.  Nearly  Ready, 

HEW  SYDENHAM  SOCIETT  Publications.  Three  to  Six  Volumes  published 
each  year.    List  of  Volumes  upon  application.  Per  annum,  ^8.00 
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OBEESTEINER.  The  Anatomy  of  the  Central  Heryous  Organs.    A  Guide  to  the 

study  of  their  structure  in  Health  and  Disease.  By  Professor  H.  Obersteines, 
of  the  University  of  Vienna.  Translated  and  Edited  by  Alex.  Hill,  m^.,  ii.Du, 
Master  of  Downing  College,  Cambridge.     198  Illustrations.    8vo.       Cloth,  |6joo 

OPHTHALMIC  REVIEW.    A  Monthly  Record  of  Ophthalmic  Science-    Published 
in  London.    SampU  Numbers,  25  cents.  Per  annum,  $3.00 

OEHEEOB.   Diseases  of  Heryons  System,  Student*s  Guide  to.   By  J.  A.  Ormerod, 

M.D.,  Oxon.,  F.R.c.P.  (Lond.),  Mem.  Path.,  Clin.,  Ophth.,  and  NeuroL  Societies' 
Physician  to  National  Hospital  for  Paralyzed  and  Epileptic  and  to  City  of  London 
Hospital  for  Diseases  of  the  Chest,  Dem.  of  Morbid  Anatomy,  SL  Bartholo- 
mew's Hospital,  etc.    With  75  wood  eng^vings.     i2mo.  Ooth,  $2.00 

OSOOOD.    The  Winter  and  Its  Dangers.    By  Hamilton  Osgood,  m.d.  Ooth,  .50 

OSLER.    Cerebral  Palsies  of  Children.    A  Clinical  Study.    By  William  Osler, 

M.D.,  F.R.c.P.,  London,  etc.    8vo.  Cloth,  |2j00 

OSTROH.    Massage  and  the  Original  Swedish  Hoyements.    Their  Applicatkm 

to  Various  Diseases  of  the  Body.  A  Manual  for  Students,  Nurses  and  Physicians. 
By  Kurre  W.  Ostrom,  from  the  Royal  University  of  Upsala,  Sweden ;  Instructor 
in  Massage  and  Swedish  Movements  in  the  Hospital  of  the  University  of 
Pennsylvania,  and  in  the  Philadelphia  Polyclinic  and  College  for  Graduates  id 
Medicme,  etc.  Second  Edition.  Enlarged.  Illustrated  by  %^  Wood  Engrav- 
ings, many  of  which  were  drawn  especially  for  this  purpose.   i2mo.     Cloth,  $Loo 


OYERMAW*S  Practical  Mineralogy,  Assaying  and  Mining,  with  a  Description  ^ 
the  Useful  Minerals,  etc.  By  Frederick  Overman,  Mining  Engineer.  Ekr- 
enth  Edition.     i2mo.  Cloth,  ^ijoo 

PACKARD'S  Sea  Air  and  Sea  Bathing.    By  John  H.  Packard,  m.d.     Cloth,  .50 

PAGE.    Railroad  Iiynries.    With  Special  Reference  to  those  of  the  Back  and 

Nervous  System.    By  Herbert  ^age,  f.r.c.s.,  Surgeon  to  St.  Mary's  Hospital, 

and  Lecturer  on  Surgery  at  its  Medical  School.    Octavo.  Cloth,  $2^5 

IiytuieB  of  the  Spine  and  Spinal  Cord.    In  their  Surgical  and  Medico-L^al 

Aspects.     Third  Edition.     Revised.    Octavo.  Preparmg. 

PARSES*  Practical  Hygiene.  By  Edward  A.  Parkes,  m.d.  The  Eighth  Re- 
vised and  Enlarged  Edition.  Edited  by  J.  Lane  Notter,  m.a.,  m.d.,  f.cs.. 
Professor  of  Hygiene,  Army  Medical  School,  Netley,  England.  With  10  Litho- 
graphic Plates  and  over  100  other  Illustrations.    8vo.  Cloth,  I5.00 

PARKES.    Hygiene  and  Public  Health.  A  Practical  Manual.     By  Lous  C 

Parkes,  m.d.,  d.p.h.  London  Hospital;  Assistant  Professor  of  Hygiene  and 

Public  Health  at  University  College,  etc.  i2mo.    Third  Exiidon,  Enlarged  and 

Revised.  Cloth, 

PARRISH*S  Alcoholic  Inebriety.  From  a  Medical  Standpoint,  with  Illustrative 
Cases  from  the  Clinical  Records  of  the  Author.  By  Joseph  Parrish.  mjj.. 
President  of  the  Amer.  Assoc,  for  Cure  of  Inebriates.      Paper,  .75  ;  Cloth,  ^1.25 

PHILLIPS.  Spectacles  and  Eyeglasses,  Their  Prescription  and  Adjustment.  By 
R.  J.  Phillips,  m.d.,  Instructor  on  Diseases  of  the  Eye,  Philadelphia  Polydisk, 
Ophthalmic  Surgeon,  Presbyterian  Hospital.  47  Illustrations.    i2mo.  Ooch,$iux) 

PARVIN'S  Winckers  Diseases  of  Women.    (See  Winckel,  page  25.) 

PARVIH.  LectnrcB  on  Ohstetric  HnrBing.  Delivered  at  the  Training  School  ^ 
Nurses  of  the  Philadelphia  Hospital.  By  Theophilus  Parvin,  m.d.,  Professor 
of  Obstetrics  and  Diseases  of  Women  and  Children  at  Jefferson  Medical  College; 
Obstetrician  to  Philadelphia  Hospital.     i2mo.  Qoch,  .75 

PEKHSTLVANIA  Hospital  Reports.  Edited  by  a  Committee  of  the  Ho^Mtal 
Staff:  J.  M.  DaCosta,  m.d.,  andWiLLLAM  Hunt.  Containing  Original  Aitides 
by  the  Staff.    With  many  other  Illustrations.  Paper,  .75 ;  Cloth,  $i.2S 
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PHTSICIAH 'S  YlSirnrO  list.    Published  AnnuaUy.    Forty-First  Year  of  its 

Publication. 

BBQUIiAB  BDITION. 

Yor  25  Patients  weekly.           Tucks,  pocket  and  pencil.  Gilt  Edges,  .        .        ^i.oo 

50         "           "                         "             "                     "         M         ««  ,  2C 

75        "          "                      "           "                  "        "        "  .        .          1.50 

100                 "                      "                                                    "                        "                                          "                  MM  ^                                        2.00 


«      «f      «< 


2.50 


"      "      .      .       3.00 


INTBBIiBAVBD  XDITION. 
For  25  Patients  weekly,  interleaved,  tucks,  pocket,  etc,     "        ««         .        .  1.25 

50        "  "  "  "  "        "        ««        M         ^        ^  I  50 

CO  "  "    1  vols       I  J**^-  *°  J""®  I       "  "  MM  ,  QO 

5^  ^^^^^-   t  July  to  Dec.  I  •        '         ^-oo 

Perpetual  Edition,  without  Dates  and  with  Special  Memorandum  Pages. 

For  25  Patients,  interleaved,  tucks,  pocket  and  pencil,  .        .        .        •        ^1.25 

50        "  ••  "  M  M         M  ....  1.50 

Monthly  Edition,  without  Dates.    Can  be  commenced  at  any  time  and  used 

until  ^11.    Requires  only  one  writing  of  patient's  name  for  the  whole  month. 

Plain  binding,  without  Flap  or  Pencil,  .75.     Leather  cover.  Pocket  and  Pencil,  ^i.oo 

EXTRA  Pencils  will  be  sent,  postpaid,  for  25  cents  per  half  dozen. 

JI^T  This  List  combines  the  several  essential  qualities  of  strength,  compactness, 
durability  and  convenience.  It  is  made  in  all  sizes  and  styles  to  meet  the  wants  of  all 
physicians.    It  is  not  an  elaborate,  complicated  system  of  keeping  accounts,  but  a 

Elain,  simple  record,  that  may  be  kept  with  the  least  expenditure  of  time  and  trouble — 
ence  its  popularity.    A  special  circular,  descriptive  of  contents  and  improvements, 
will  be  sent  upon  application. 

PEEEntA*S  Prescription  Book.  Containing  Dsts  of  Terms,  Phrases,  Contrac- 
tions and  Abbreviations  used  in  Prescriptions,  Explanatory  Notes,  Grammatical 
Construction  of  Prescriptions,  Rules  for  the  Pronunciation  of  Pharmaceutical 
Terms.  ByJONATHANPEREiRA,  m.o.  Sixteenth  Edition.  Cloth,  1 1. 00;  Tucks 1 1.2 5 

POETEE*S  Surgeon's  Pooket-Book.  By  Surgeon-Major  J.  H.  Porter,  late  Pro- 
fessor of  Military  Surgery  in  the  Army  Medical  School,  Nedey,  England.  Revised, 
and  pardy  Rewritten.    Third  Edition.    Small  i2mo.  Leather  Covers,  ^2.25 

POTTEE.  A  Handbook  of  Materia  Hedica,  Pharmacy  and  Therapeutics,  in- 
cluding the  Action  of  Medicines,  Special  Therapeutics,  Pharmacology,  etc  In- 
cluding over  600  Prescriptions  and  Formulae.  By  Samuel  O.  L.  Potter,  m.a., 
M.D.,  M.R.c.p.  (Lond.),  Professor  of  the  Practice  of  Medicine,  Cooper  Medical  Col- 
lege, San  Francisco ;  late  A.  A.  Surgeon  U.  S.  Army.  Third  Edition,  Revised  and 
Enlarged.    8vo.    With  Thumb  Index  in  each  copy.    Cloth,  I4.00 ;  Leather,  ^5.00 

Compend  of  Anatom^r,  including  Visceral  Anatomy.    Based  upon  Gray. 

Fifth  Edition.    Revised,  and  greatly  Enlarged.     With   16    Lithographed 
Plates  and  117  other  Illustrations.    Being  No,  i  f  Quiz- Compend  f  Series, 

Cloth,  $1.00;  Interleaved  for  taking  Notes,  $1.25 

Compend  of  Materia  Medioa,  Therapeutics  and  Prescription  Writing, 

with  special  reference  to  the  Physiologicsd  Action  of  Drugs.     Fifth  Revised 
and  Improved  Edition,  with  Index.    Being  No,  6  f  Quig- Compend t  Series, 

Cloth,  $1.00.     Interleaved  for  taking  Notes,  ^1.25 

Speech  and  Its  Defects.  Considered  Physiologically,  Pathologically  and 
Remedially ;  being  the  Lea  Prize  Thesis  of  Jefferson  Medical  College,  1882. 
Revised  and  Corrected.     i2mo.  Cloth,  $1.00 

PEITCHAED  on  the  Ear.  Handbook  of  Disea.<^s  of  the  Ear.  By  Urban 
Pritchard,  M.D.,  F.R.C.S., Professor  of  Aural  Surgery,  King's  College,  London, 
Aural  Surgeon  to  King's  College  Hospital,  Senior  Surgeon  to  the  Royal  Ear  Hos- 
pital, etc.  Second  Edition.  Many  Illustrations  and  Formulae.  i2mo.  Cloth,  I1.50 
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PEOCTOE'S  Practical  Pharmacy.  Lectures  on  Practical  Pharmacy.  With  43 
Engravings  and  32  Lithog^phic  Fac -simile  Prescriptions.  By  "Barnard  S. 
Proctor.    Second  Edition.  Cloth,  ^50 

EALFE.    Diseases  of  the  Kidney  and  Urinary  Derangements.    By  C.  H.  Ralfe, 

M.D.,  F.R.C.P.,  Ass't  Physician  to  the  London  Hospital.   lUus.    i2mo.   Cloth,  $2.j$ 

EAHSAY.  A  System  of  Inorganic  Chemistry. .  By  William  Ramsay,  ph.d., 
F.R.S.,  Professor  of  Chemistry  in  University  College,  London.     Illustrated.    8vo. 

Cloth,  ^50 

EEESE*S  Medical  Jnrisprndence  and  Toxicology.    A  Text-book  for  Medical  and 

Legal  Practitioners  and  Students.  By  John  7.  Reese,  m.d.,  Editor  of  Taylor's 
Jurisprudence,  Professor  of  the  Principles  and  Practice  of  Medical  Jurisprudence, 
mcluding  Toxicology,  in  the  University  of  Pennsylvania  Medical  £>epartment 
Third  Edition.  Enlarged.  Crown  Octavo.  666  pages.  Cloth,  ^3.00;  Leather,  $3.50 

EEEYES.  Bodily  Deformities  and  their  Treatment.  A  Handbook  of  Practical 
Orthopaedics.  By  H.  A.  Reeves,  m.d.,  Senior  Ass't  Surgeon  to  the  London  Hos- 
pital, Surgeon  to  the  Royal  Orthopaedic  Hospital.    228  Illustrations.     Cloth,  ^.2$ 

EICHAEDSOH.  Long  Life,  and  How  to  Reach  It.  By  J.  G.  Richardson,  Profl 
of  Hygiene,  University  of  Penna.  Cloth.  .50 

EICHAEDSOH*S  Mechanical  Dentistry.  A  Practical  Treatise  on  Mechanical 
Dentistry.  By  Joseph  Richardson,  d.d.s.  Fifth  Edition.  Thoroughly  Revised. 
With  569  Illustrations.    8vo.  Cloth,  I4.50 ;  Leather,  $5.50 

EIOBY*S  Obstetric  Memoranda.  4th  Ed.  By  Meadows.  32mo.  Cloth,  .$0 
EICHTEE'S  Inorganic  Chemistry.  A  Text-book  for  Students.  By  Prof.  Victor 
VON  Richter,  University  of  Breslau.  Third  American,  from  Fifkh  German 
Edition.  Authorized  Translation  b)r  Edgar  F.  Smith,  ujl,,  ph.d..  Prof.  <rf 
Chemistry,  University  of  Pennsylvania,  Member  of  the  Chemical  Societies  of 
Berlin  and  Paris.    89  Illustrations  and  a  Colored  Plate.     i2mo.         Cloth,  $1.00 

Organic  Chemistry.  The  Chemistry  of  the  Carbon  Compounds.  Second 
American  Edition,  translated  from  the  Sixth  German  by  Edgar  F.  Smith. 
m.  a.,  ph.  d..  Professor  of  Chemistry,  University  of  Pennsylvania,  Illustrated. 
1040  pages.     i2mo.  Cloth,  $4.^ 

EOBEETS.    Practice  of  Medicine.    The  Theory  and  Practice  of  Medicine.    By 

Frederick  Roberts,  m.d..  Professor  of  Therapeutics  at  University  CoUcgc, 
London.    Eighth  Edition,  with  Illustrations.   8vo.      Cloth,  ^5.50;  Leather,  $S.y} 

EOBINSOH.  Latin  Grammar  of  Pharmacy  and  Medicine    By  D.  H.  Robinsok, 

PH.D.,  Professor  of  Latin  Language  and  Literature,  University  of  Kansas,  Law- 
rence. With  an  Introduction  by  L.  E.  Sayre,  ph.g..  Professor  of  Pharmacy  in, 
and  Dean  of  the  Dept.  of  Pharmacy,  University  of  Kansas.    1 2mo.        Qoth,  $2joo 

SAHDEESOH'S  Physiological  Laboratory.    A  Handbook  of  the  Physiological 

Laboratory.  Being  Practical  Exercises  for  Students  in  Physiology  and  Histokgy. 
By  J.  BuRDON  Sanderson,  m.d.,  E.  Klein,  m.d.,  Michael  Foster,  m.d.,  fjls., 
and  T.  Lauder  Brunton,  m.d.  With  over  350  Illustrations  and  Appropciate 
Letter-press  Explanations  and  References.    One  Volume.  Cloth,  I5.00 

SANSOM.  Diseases  of  The  Heart,  The  Diagnosis  of.  By  A.  Ernest  Sansox. 
M.D.,  F.R.C.P.,  Physician  to  the  London  Hospital,  Examiner  in  Medicine  Royal 
College  of  Physicians,  etc.    With  Plates  and  other  Illustrations.  M  /Vws; 

SCHNEE.  Diabetes,  its  Cause  and  Permanent  Cure.  From  the  standpoint  of  ex- 
perience and  Scientific  Investigation.  By  Emil  Schn^,  Consulting  Physidaa 
at  Carlsbad.  Translated  from  the  German  by  R.  L.  Tafel,  a.m.,  ph.d.  Re- 
vised and  Enlarged  by  the  author.    Octavo.  Cloth,  fs.oo 

SCHULTZE.  Obstetrical  Diagrams.  Being  a  Series  of  20  Colored  Lithc^rapb 
Charts,  imperial  map  size,  of  Pregnancy  and  Midwifery,  with  accompanying 
explanatory  (German)  text,  illustrated  by  wood-cuts.  By  Dr.  B.  S.  Schultze, 
Professor  of  Obstetrics,  University  of  Jena.    Second  Revised  Eldition. 

Price,  in  Sheets,  $26.00 ;  Mounted  on  Rollers,  Muslin  Backs,  $36000 
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SELF-EXAMIHATIOH,  being  3000  Questions  on  Medical  Subjects,  Anatomy, 
Physiology,  Materia  Medica,  Therapeutics,  Chemistry,  Surgery,  Practice,  Ob- 
stetrics, Gynaecology,  Diseases  of  Children,  etc.    64mo.        Cloth,  Net,  lo  cents. 

SEWELL.  Dental  Surgery,  including  Special  Anatomy  and  Surgery.  By  Henry 
Sewell,  M.R.C.S.,  L.O.S.,  President  Odontological  Society  of  Great  Britain.  3d 
Edition,  greatly  enlarged,  with  about  200  Illustrations.  Cloth,  ^3.00 

SMITH*S  Wasting  Diseases  of  Infants  and  Children.  By  Eustace  Smith,  m.d., 
P.R.C.P.,  Physician  to  the  East  London  Children's  Hospital.  Fifth  London 
Edition,  Enlarged.    8vo.  Cloth,  ^3.00 

SMITH.  Abdominal  Surgery.  Being  a  Systematic  Description  of  all  the  Princi- 
pal Operations.  By  J.  Greig  Smith,  m.a.,  p.r.s.e.,  Surg,  to  British  Royal  In- 
firmary ;  Lecturer  on  Surgery,  Bristol  Medical  School ;  Late  Examiner  in  Surgery, 
University  of  Aberdeen,  etc.  Over  80  Illustrations.   Fourth  Edition.   Cloth,  I7.00 

SMITH.  Electro-Chemical  Analysis.  By  Edgar  F.  Smith,  Professor  of  Chem- 
istry, University  of  Pcnna.    26  Illustrations.     i2mo.  Cloth,  ^i. 00 

SMITH  AND  KELLER.  Experiments.  Arranged  for  Students  m  General  Chem- 
istry. By  Edgar  F.  Smith,  Professor  of  Chemistry,  University  of  Penn'a,  and 
Dr.  H.  F.  Keller,  Professor  of  Chemistry,  Michigan  School  of  Mines,  Houghton, 
Michigan.    Second  Edition.     i2mo.    Illustrated.  Cloth,  Net,  .60 

STAMMEE.  CShemical  Problems,  with  Explanations  and  Answers.  By  Karl 
Stammer.  Translated  from  the  2d  German  Edition,  by  Prof.  W.  S.  Hoskinson, 
A.M.,  Wittenberg  College,  Springfield,  Ohio.     i2mo.  Cloth.  .75 

STABE.    The  Digestive  Organs  in  Childhood.    Second  Edition.    The  Diseases 

of  the  Digestive  Organs  in  Infancy  and  Childhood.  With  Chapters  on  the 
Investigation  of  Disease  and  the  Management  of  Children.  By  Louis  Starr, 
M.D.,  late  Clinical  Prof,  of  Diseases  of  Children  in  the  Hospital  of  the  University 
of  Penn'a;  Physician  to  the  Children's  Hospital,  Phila.  Second  Edition. 
Revised  and  Enlarged.  Illustrated  by  two  Colored  Lithograph  Plates  and 
numerous  wood- engravings.    Crown  Octavo.  Cloth,  $2.2 5 

The  Hygiene  of  the  Nursery,  including  the  General  Regimen  and  Feed- 
ing of  Infants  and  Children,  and  the  Domestic  Management  of  the  Ordinary 
Emergencies  of  Early  Life,  Massage,  etc.  Third  Edition.  Enlarged.  25 
Illustrations.     i2mo.    280  pages.  Cloth,  |i.oo 

See  also  Ooodhart  and  Starr.    Page  10. 

8TEAVENS0H  AND  JONES.  Medical  Electricity.  A  Practical  Handbook  for 
Students  and  Practitioners  of  Medicine.  By  W.  E.  Steavenson,  m.d.,  late  in 
charge  Electrical  Department,  St.  Bartholomew's  Hospital,  and  H.  Lewis  Jones, 
M.A.,  M.D.,  M.R.C.P.,  Medical  Officer  in  Charge  Electrical  Department,  St.  Bar- 
tholomew's Hospital.     103  Illustrations.     i2mo.  Cloth,  $2.50 

STEVENSON  AND  HUEPHY.  A  Treatise  on  Hygiene.  By  Various  Authors. 
Edited  by  Thomas  Stevenson,  m.d.,  f.r.c.p..  Lecturer  on  Chemistry  and  Medi- 
cal Jurisprudence  at  Guy*s  Hospital,  London,  etc.,  and  Shirley  F.  Murphy, 
Medical  Officer  of  Health  to  the  County  of  London.  In  Two  Octavo  Volumes, 
1000  pages  each.  Nearly  Ready, 

STEWABT.  Manual  of  Nervous  Diseases.  By  David  D.  Stewart,  m.d..  Clini- 
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ANNOUNCEMENT. 

The  frequent  demands  for  a  new  and  thoroughly  revised  edition  of 
this  popular  work  have  induced  the  present  publishers  to  have  one  pre- 
pared in  the  most  complete  manner,  representing  the  latest  achievements 
of  therapeutical  science  as  set  forth  by  the  most  distinguished  teachers 
and  practitioners.  The  same  general  plan  and  strictly  practical  aims  have 
been  observed  as  in  former  editions.  The  precise  formulae,  specific  direc- 
tions, and  methods  of  treatment  recommended  by  the  most  eminent 
American  and  foreign  practitioners  are  given ;  and  die  full  resources  of 
the  materia  medica  are  grouped  under  the  various  diseases  to  whidi 
they  are  applicable.  Particular  attention  has  been  paid  to  describing 
the  modes  of  employment  and  relative  value  of  new  remedies,  including 
the  latest  additions  to  therapeutical  agents. 

By  a  careful  arrangement,  all  the  diseases  which  the  physician  is 
likely  to  meet  are  presented  systematically  and  discussed  separately, 
including  those  of  women  and  children  as  well  as  strictly  medical  and 
surgical  complaints.  It  has  been  the  aim  of  the  editors  to  set  forth  the 
treatment  of  able  specialists  in  all  these  departments,  so  that  the  general 
practitioner  may  have  at  his  command  the  therapeutic  resources  of  those 
who  devote  their  whole  attention  to  limited  fields  of  disease. 

With  this  end  in  view,  numerous  monographs,  journals,  and  special 
papers,  both  in  this  country  and  Europe,  have  been  consulted  and  their 
most  useful  therapeutic  suggestions  extracted.  No  other  work  on  the 
subject  will  be  found  so  thoroughly  and  constantly  useful  to  the  practic- 
ing physician,  because  no  other  supplies  so  directly  and  with  such  ease 
of  reference  the  information  he  desires. 

The  whole  work  has  been  rearranged,  the  better  part  rewritten, 
and  every  page  will  show  improvements  or  additions.  A  large  number 
of  new  and  representative  prescriptions  have  been  added  to  the  text 

It  has  been  thought  desirable  to  include  Diseases  of  Women  and 
Children  in  the  two  volumes  instead  of  publishing  separately,  as  before. 


THERAPEUTICS  AND  MATERIA  MEDICA. 

Potter's  Materia  Medica,  Pharmacy  and  Therapeutics. 
Third  Edition.      Revised  and  Enlarged.         1891. 

A  HANDBOOK  OF  MATERIA  MEDICA,  PHARMACY  AND  THERAPEUTICS — ^including  the  Phy- 
siological Action  of  Drugs,  Special  Therapeutics  of  Diseases,  Official  and  Extempo- 
I  raneous  Pharmacy,  etc.     By  Sam*l  O.  L.  Potter,  m.a.,  m.d.,  Professor  of  the 

Practice  of  Medicine  in  Cooper  Medical  College,  San  Francisco ;  Late  A.  A.  Sur- 
geon, U.  J5.  Army;  Author  of  ** Speech  and  its  Defects,'*  and  the  **  Quiz-Compends  *' 
of  Anatomy  and  Materia  Medica,  etc.  Revised,  Enlarged  and  Improved.  Octavo. 
With  Thumb  Index.  Leather,  I5.00 

"The  author  has  aimed  to  embrace  in  a  single  volmne  the  essentials  of  practical  materia  medica  and 
therapeutics,  and  has  produced  a  book  small  enough  for  easy  carriage  and  easy  reference,  large  enough  to 
contain  a  carefully  digested,  but  full,  clear  and  well-arranged  mass  of  information.  He  has  not  adhered  to 
any  pharaiacopoeia,  as  is  the  case  of  certain  recent  manuals,  thereby  limiting  his  work,  and  in  this  day  of  new 
remedies  causing  constant  disappointment,  but  has  brought  it  up  to  date  in  the  most  satisfactory  way.  No 
new  remedy  of  any  acknowledged  value  is  omitted  from  this  list.  Under  each  the  section  on  physiological 
action  and  therapeutics  has  been  written  with  care.  ...  In  the  enumeration  of  drugs  suited  to  different 
disorders  a  very  successful  effort  at  discrimination  has  been  made,  both  in  the  stage  of  disease  and  in  the  cases 
peculiarly  suited  to  the  remedy.  It  is  no  mere  list  of  diseases  followed  by  a  catalogue  of  drugs,  but  is  a  digest 
of  modem  therapeutics,  and  as  such  will  prove  of  inmiense  use  to  its  possessor." — The  Therapeutic  Gazette. 

A  Unique  Book. — The  plan  of  this  work  is  new  and  original  with  Dr.  Potter,  and  its 
contents  have  been  combined  and  arranged  in  such  a  way  that  it  offers  a  compact  statement 
of  the  subjects  in  hand,  containing  more  correct  information  in  a  practical,  concise  form 
than  any  other  publication  of  the  kind. 

The  work  commences  with  a  section  on  the  classification  of  medicines,  as  follows : — 
Agents  acting  on  the  Nervous  System,  Organs  of  Sense,  Respiration,  Circulation, 
Digestive  System,  on  Metabolism  (including  Restoratives,  Alteratives,  Astringents,  Anti- 
pyretics, Antiphlogistics  and  Antiperiodics,  etc.)  Agents  acting  upon  Excretion,  the 
Grenerative  System,  the  Cutaneous  Surfaces,  Microbes  and  Ferments,  and  upon  each  other. 
Part  L — Materia  Meoica  and  Therapeutics  (351  pages),  the  drugs  being 
arranged  in  alphabetical  order,  with  the  synonym  of  each  first ;  then  the  description  of 
the  plant,  its  preparations,  physiological  action,  and  lastly  its  Therapeutics. 

Part  IL — Pharmacy  and  Prescription  Writing  (56  pages).  This  is  written  for 
the  use  of  physicians  who  desire  or  of  necessity  must  put  up  their  own  prescriptions,  and 
includes — ^Weights  and  Measures,  English  and  the  Metric  Systems ;  Specific  Gravity  and 
Volume;  Prescriptions,  their  principles  and  combinations;  proper  methods  of  writing 
them  ;  Abbreviations ;  Stock  solutions  and  preparations,  and  Incompatibility,  etc. 

Part  II J. — Special  Therapeutics  (211  pages)  is  an  alphabetical  List  of  Diseases — 
a  real  Index  of  Diseases — giving. the  drugs  that  have  been  found  serviceable  in  each 
disease^  and  the  authority  recommending  the  use  of  each,  a  very  important 
feature,  as  it  gives  an  authoritative  character  to  the  book  that  is  unusual  in  works  on 
Therapeutics,  and  displays  an  immense  amount  of  research  on  the  part  of  the  author. 
5oo  Prescriptions  are  given  in  this  part,  many  being  over  the  names  of  eminent  men. 

The  Appendix  (36  pages)  contains  lists  of  Latin  words,  phrases  and  abbreviations, 
jvith  their  English  equivalents.  Genitive  Case  Endings,  etc.  36  formulae  for  Hypodermic 
[njections;  10  of  Chlorodyne;  Formulae  of  prominent  patent  medicines;  Poisons  and 
heir  Antidotes;  Differential  Diagnosis;  Temperature  Notes;  Obstetrical  Memoranda; 
IJlinical  Examination  of  Urine;  Table  of  Specific  Gravities  and  Volumes;  Table  showing 
he  number  of  drops  in  a  fluidrachm  of  various  liquids,  the  weight  of  one  fluidrachm  in 
:rains,  and  a  table  for  converting  apothecaries'  weights  and  measures  into  grams,  etc.,  etc. 
The  Index  covers  thirty-five  pages,  and  will  be  found  very  elaborate. 
The  whole  work  is  a  statement  of  known  facts  in  terse  language;  it  is,  in  fact,  the 
ssentials  of  Practical  Materia  Medica  and  Therapeutics.  Although  it  is  to  a  great  extent  a 
ompilation,  as  any  such  book  must  be,  from  the  works  of  prominent  writers  and  teachers, 
et  it  will  be  found  to  contain  much  original  matter  and  many  useful  suggestions  not 
icluded  in  any  other  book. 


PRACTICE  OF  MEDICINE. 

Roberts'  Practice  of  Medicine.     Eighth  Edition.     Re- 
vised, Enlarged  and  Illustrated. 

A   HANDBOOK   OF    THE    THEORY    AND    PRACTICE    OF    MEDV:iNB.       By     FREDERICK  T. 

Roberts,  m.d.,  b.sc.,  f.r.c.p.,  Professor  of  Materia  Medica  and  Therapeutics^  and 
of  Clinical  Medicine,  at  University  College  Hospital,  London;  Phjrsician  to  Bromp- 
ton  Hospital  for  Consumption  and  Diseases  of  the  Chest,  etc.  Eighth  Editioo. 
Revised  and  Enlarged.     51  Illustrations..    1059  pages.     Octavo. 

Handsome  Cloth,  I5.50;  Full  Sheep,  Raised  Bands,  I6.50 

**  The  ▼arions  subjects  have  been  treated  in  a  con^ete  and  masterij  manner.  .  .  .  We  beutiH 
commend  this 'handbook,  not  only  to  gentlemen  prq>aring  for  the  medical  professioii,  bat  to  dxise  who  wm 
have  finished  their  professional  education;  as  this  work  contains,  in  a  brief  and  coocise  shape,  all  thM  the 
busy  general  practitioner  needs  to  know  to  enable  him  to  carry  on  his  practice  with  comfort  to  himself  aad 
with  advantage  to  his  patients." — British  Medical  Jourtu%L 

**  It  is  unsurpassed  by  any  work  that  has  fallen  into  our  hands  as  a  compendium  for  atodenta;.'' —  The  CSmc. 

**  We  particularly  recommend  it  to  students  about  to  enter  npon  the  practice  of  their  prolesaioo."-^& 
Louis  Medical  and  Surgical  Journal, 

*'  If  there  is  a  book  in  the  whole  of  medical  literature  in  which  90  mudi  b  said  in  ao  few  wofds,  it  hm 
A^ever  come  within  our  reach." — Chicago  Medical  Journal. 

**  The  regularity  with  which  fresh  editions  of  this  admirable  text-book  make  their  appeanmce,  serves  ^ 
show  that  it  continues  to  maintain  its  fieivored  position  with  the  student,  who  finds  it  a  safe  and  reliaUe  godt 
Apart  from  the  clearness  of  style  and  its  thoroughly  practical  character,  a  great  feature  of  Dr.  Robem'  v^ 
is  the  systematic  method  with  which  each  subject  is  treated.  The  value  of  this  kind  of  instmctioo  is  h^  » 
it  enables  the  student  to  marshal  his  ideas  in  an  orderly  manner,  and  to  assign  to  each  part  its  specal 
importance.  The  author  has  not  been  unmindful  of  the  necessity  of  keeping  his  book  *  np  to  date,"  and  \t 
has  evidently  bestowed  much  pains  on  its  revision.  It  is  enough  to  say  that  it  frilly  merits  its  pc^nlarityr— 
The  Lancet y  London,  February  7th,  1 89 1. 

**  The  arrangement  of  the  subject  is  admirable,  each  disease  is  very  fully  considered  in  el^ant  pbrasgofagy 
without  any  undue  verbosity,  and  the  matter  is  presented  in  a  manner  which  is  easily  grasped  and  retatoed  s 
the  memory.  It  is  quite  unnecessary  to  refer  further  to  the  pages  of  this  valuable  and  reUable  text-book.  It 
will  be  found  a  trustworthy  guide  both  by  students  and  practitioners,  and  the  latter  will  find  much  more  niibr- 
mation  as  to  treatment,  than  is  usually  recorded  in  such  woiks." — Liverpool  Medico- Ckir.  Jemmal^  Jan^  1S9L 

Hughes'  Compend  of  the  Practice  of  Medicine.     4th 
Enlarged  Edition* 

A    COMPEND    OF  THE    PRACTICE   OF   MEDiaNE.       By   DaNIEL  E.    HuGHES,   M-D.,  ktt 

Demonstrator  of  Clinical  Medicine  at  Jefferson  Medical  College,  Philadelphia;  now 
Physician-in-Chief,  Philadelphia  Hospital      In  two  parts. 

Part  I. — Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach,  Intes- 
tines, Peritoneum,  Biliary  Passages,  Liver,  Kidneys,  etc.,  and  General  Diseases,  etc. 

Part  II. — Diseases  of  the  Respiratory  System,.  Circulatory  System  and  Nemss 
System ;  Diseases  of  the  Blood,  etc.       Price  of  each  Part,  strongly  bound  in  cloth,  Ji.oc 

Interleaved  for  the  addition  of  notes,    x.25 

*5(j*  These  books  are  a  complete  set  of  notes  upon  the  practice  of  medicine.  TV 
synonyms,  definition,  causes,  symptoms,  pathology,  prognosis,  diagnosis,  treatment,  etc. 
of  each  disease  being  given.  The  treatment  is  especially  full  and  a  number  of  vakabk 
prescriptions  have  been  incorporated.  Reference  has  been  made  to  the  latest  writings 
and  teachings  of  Drs.  Flint,  Roberts,  Loomis,  Bartholow,  DaCosta,  etc.  Dr.  Hagbes" 
long  experience  as  demonstrator  of  clinical  medicine  under  the  last  named  famous  pro- 
fessors gave  him  unrivaled  opportunities  for  the  preparation  of  a  book  of  this  character. 

Physicians*  Edition.    Fourth  Edition.    Same  as  above,  but  in  one  vohiroc 
and  including  a  section  on  Skin  Diseases  and  a  very  complete  index. 

Full  Morocco,  Gilt  Eldges,  $2. 52 

"  The  best  condensation  of  the  essentials  of  Practice  I  have  yet  seen.  ...  It  will  be  an  adointJe 
review  book  for  students  after  a  solid  course  of  study,  and  it  will  be  scarcely  less  nsefol  to  the  bvsr  pcacth 
tioner  as  a  ready  means  of  refreshing  his  memory." — (7.  A,  Lindsley,  M.D,^  Professor  of  Theory  anJ  Prmc- 
lice  of  Medicine f  Yale  College ,  New  Haven, 


NEW  AND  REVISED  EDITIONS. 

?  QUIZ-COMPENDS.  ? 

A  SERIES  OF  PRACTICAL  MANUALS  FOR  THE  PHYSiaAN  AND  STDDENT. 

Compiled  in  Accordance  with  the  latest  teachings  of  prominent  lecturers 

and  the  most  popular  Text-books. 

Bound  in  Cloth,  each  $i.oo.    Interleaved,  for  the  Addition  of  Notes,  $1.25. 

They  form  a  most  complete,  practical  and  exhaustive  set  of  manuals,  containing  information  nowhere  else 
collected  in  such  a  practical  shape.  Thoroughly  up  to  the  limes  in  every  respect,  containing  many  new  pre- 
scriptions and  formolee,  and  over  300  illustrations,  many  of  which  have  been  drawn  and  engraved  specially  for 
this  series.  The  authors  have  had  large  experience  as  quiz-masters  and  attaches  of  colleges,  with  exceptional 
opportunities  for  noting  the  most  recent  advances  and  methods.  The  arrangement  of  the  sabjects,  illustrations, 
types,  etc.,  are  all  of  the  most  approved  form.  They  are  constantly  being  revised,  so  as  to  include  the  latest 
and  best  teachings,  and  can  be  used  by  students  of  any  college  of  medicine,  dentistry  and  pharmacy. 

No.  X.  Human  Anatomy.  Fifth  Edition  (1891),  including  Visceral  Anatomy,  formerly  pub- 
lished separately.  x6  Lithograph  Plates,  Tables,  and  1x7  Illustrations.  By  Samuel  O.  L. 
Potter,  m.a.,  m.d.,  late  A.  A.  Surgeon,  U.  S.  Army.  Professor  of  Practice,  Cooper  Med.  College, 
San  Francisco. 

Nob.  a  and  3.  Practice  of  Medicine.  Fourth  Edition,  Enlarged  (1890).  By  Daniel  £.  Hughes, 
M.D.,  late  Demonstrator  of  Clinical  Medicine  in  Jefferson  Med.  CoUege,  Phila. ;  Physidan-in  Chief,  Phila- 
delphia Hospital.     In  two  parts. 

Part  I.— Continued,  Eruptive  and  Periodical  Fevers,  Diseases  of  the  Stomach,  Intestines,  Peritoneum,  Biliary  Passages, 
Liver,  Kidneys,  etc.  (including  Tests  for  Urine),  General  Diseases,  etc 

Paxt  II. —Diseases  of  the  Respiratory  System  (including  Physical  Diagnosis),  Circulatory  System  and  Nervous  System; 
Diseases  of  the  Blood,  etc. 

*«*  These  little  books  can  be  regarded  as  a  full  set  of  notes  upon  the  Practice  of  Medicine,  containing  the  Synonyms, 
Definitions,  Causes,  Svmptoms,  Prognosis,  Diagnosis,  Treatment,  etc.,  of  each  disease,  and  including  a  number  of  prescript 
tions  hitherto  unpublished. 

No.  4.  Physiology,  including  Embryology.  Sixth  Edition  (189 1).  By  Albert  P.  Brubaker,  m.d.. 
Prof,  of  Physiolo^,  Penn'a  College  of  Dental  Surgery ;  Demonstrator  of  Physiology  in  Jefferson  Med. 
College,  Phila.     Revised,  Enlarged  and  Illustrated.  In  Press, 

No.  5.    Obstetrics.    Illustrated.    Fourth  Edition  (1889).    For  Physicians  and  Students.    By  Henry 
G.  Landis,  M.D.,  Prof^  of  Obstetrics  and  Diseases  of  Women,  in  Starling  Medical  College,  Columbus. 
Revised  Edition.     New  Illustrations. 
No.  6.    Materia  Medica,  Therapeutics  and  Prescription  Writing.    Fifth  Revised  Edition  (1891). 
With  especial  Reference  to  the  Physiological  Action  of  Drugs,  and  a  complete  article  on  Prescription 
Writing.    Based  on  the  Last  Revision  (Sixth)  of  the  U.  S.  Pharmacopoeia,  and  including  many  unofficinal 
remedies.     By  Samuel  O.  L.  Potter,  m.a.,  m.d.,  late  A.  A.  Surg.  U.  S.  Army ;  Prof,  of  Practice, 
Cooper  Med.  College,  San  Francisco.     5th  Edition.     Improved  and  Enlarged. 
No.  7.    Gynecology.    (1891.)    A  Con^nd  of  Diseases  of  Women.    By  Henry  Morris,  m.d..  Demon- 
strator of  Obstetrics,  Jefferson  Medical  College,  Philadelphia.     Many  Illustrations. 
No.  8.    Diseases  of  the  Eye  and  Refraction.    Second  Edition  (1888).     Including  Treatment  and 
Surgery.    By  L.  Webster  Fox,  m.d.,  Chief  Clinical  Assistant  Opthalmological  Dept.,  Jefferson  Medical 
College,  etc.,  and  Geo.  M.  Gould,  m  d.    71  Illustrations,  39  Formulae. 
No.  9.     Surgery,  Minor  Surgery  and  Bandaging.    Illustrated.    Fourth  Edition  (1890).    Including 
Fractures,  Wounds,  Dislocations,  Sprains,  Amputations  and  other  operations;  Inflammation.  Suppuration, 
Ulcers,  Syphilis,  Tumors,  Shock,  etc.     Diseases  of  the  Spine,  Ear,  Bladder,  Testicles,  Anus,  and  other 
Surgical   Diseases.     By  Orville  Horwitz,  A.M.,  M.D.,  Demonstrator  of  Surgery,  Jefferson  Medical 
College.    84  Formulae  and  136  Illustrations. 
No.  zo.    Medical  Chemistry.    Third  Edition  (1890).    Inorganic  and  Organic,  including  Urine  Analysis. 
For  Medical  and  Dental  Students.    By  Henry  Leffmann,  m.d..  Prof,  of  Chemistry  in  Penn'a  College 
of  Dental  Surgery,  Phila.     Third  Edition.     Revised  and  Enlarged. 
No.  II.     Pharmacy.     Third  Edition  (1890).    Based  upon  <*  Remington's  Text-Book  of  Pharmacy."    By 
F.  E.  Stewart,  m.d.,  ph.g.,  Ph>fessor  of  Pharmacy,  Powers  College  of  Pharmacy;  late  Quiz- Master  at 
Philadelphia  College  of  Pharmacy.     Third  Edition.     Revised. 
No.  I  a.    Veterinary  Anatomy  and  Physiology.    Illustrated.   (1890.)   By  Wm.  R.  Ballou,  m.d..  Prof. 

of  Equine  Anatomy,  New  York  College  of  Veterinary  Surgeons,  etc.     29  Illustrations. 
No.  13.     Dental  Pathology  and  Dental  Medicine.    (1890.)    Containing  all  the  most  noteworthy  points 
of  interejit  to  the  Dental  Student    By  Geo.  W.  Warren,  d.d.s..  Clinical  Chief,  Penn'a  College  of 
Dental  Surgery,  Philadelphia.     HIus. 
Mo.  14.     Diseases  of  Children.    (1890.)    By  Marcus  P.  Hatheld,  Professor  of  Diseases  of  Children, 
Chicago  Medical  College.    With  Colored  Plate. 

These  books  are  constantly  revised  to  keep  up  with  the  latest  teachings  and  discoveries. 


From  The  Southern  Clinic. — *'  We  know  of  no  series  of  books  issued  by  any  house  that  so 
fuliy  fft^ets  our  approval  as  these  f  Quiz-  Compenas  f  They  are  well  arranged^  full  and  concise, 
'net  are  really  the  best  line  of  text-books  that  could  be  found  for  either  student  or  prcutitioner" 


Potter.      A  Compend    of  Anatomy.      Fifth   Edition. 
1 6  Lithograph  Plates.      117  other  Illus. 

INCLUDING  THE  VISCERA.  (JBctscd  Oft  Gray,)  By  Saml.  O.  L.  Potter,  m.a-,  m.d.,| 
late  A.  A.  Surg.  U.  S.  Army ;  Professor  of  the  Practice  of  Medicine,  Cooper  Medical 
College,  San  Francisco.  Revised  and  Enlarged.  i2mo.  Being  No.  i  t  Qtaz- 
Compend  f  Series.     Seepage  2^,  Strongly  bound  in  doth,  $i.oo 

Interleaved,  for  the  addition  of  notes,    1.25 

%*  An  Appendix  has  been  added  to  this  edition,  containing  16  Lithographic  PUt»  of  the  Aitenl  tnd 
Nervous  Systems,  with  explanatory  tables  that  will  be  found  exceedingly  useiiil  and  practicaL  We  vonld 
call  special  attention  to  these  tables,  as  being  entirely  original  in  design  and  airangement,  giriog  grtpfaic 
views  of  the  most  difficult  part  of  Hiunan  Anatomy,  and  including  anastomoses  (the  aorterics)  and  <&tri- ' 
bution  (the  arteries  and  nerves) ;  a  thing  never  before  shown  completely  in  tabular  fonn.  The  difiieitiii  types 
are  so  arranged  as  to  grade  the  branches  according  to  relative  importance,  and  by  the  systematic  and  ingsao^ 
use  of  brackets  with  various  types,  the  tables  are  veritable  pictures  themselves  of  their  objects. 

Dr.  Potter's  power  of  condensation  and  arrangement,  have  never  been  di^layed  to  such  advantsfe  as  ■ 
these  tables,  which  must  take  their  proper  place  as  the  b^  of  all  attempts  c^  the  kind,  even  in  die  restridBi 
space  of  pages  the  size  of  which  was  previously  determined,  and  to  which  the  tables  had  to  conform. 

The  plates  are  equally  original,  having  been  made  from  new  drawings  by  Dr.  Potter's  own  hand ;  tkr 
ai^  graphic  delineations,  and  being  diagrammatic,  do  not  represent  the  exact  forms  or  propoftinns  of  the  peits 
thus  shown.  If  colored  by  hand,  by  the  student,  as  may  be  done  with  very  little  troiwle,  idaea  valoe  will  be 
greatly  increased. 

**  In  the  particular  line  to  which  it  belongs,  and  as  one  of  the  pioneers,  this  work  of  the  ixide£rtigibie  Dr. 
Potter  stands  in  the  list  of  the  very  best,  ftis  is  particularly  conspicuous  in  view  of  the  many  fiulars  •» 
render  the  subject  of  anatomy  attractive  when  presented  in  con^iends." — American  PractitUtur  ami  Nftn, 
January,  1891. 

"  This  is  ? Quiz-Compend  No.  i,  based  on  Gray  principally,  and  is  a  book  that  to  a  student  is  alaoBi 
necessity,  and  to  the  practicing  physician  a  great  aid  as  a  ready  reference  work^  enabling  him,  at  t^mtA  t 
glance,  to  keep  in  mind  a  great  many  valuable  points  in  anatomy  that  otherwise  he  would  fofigeL" — Tkt  C* 
cinnati  Medical  Journal^  February  isth,  i8gi. 

"  Of  all  the  studies  in  a  medical  course,  anatomy  is  the  most  important.  To  wade  through  a  *  Gny,  fcr 
review,  is  very  irksome,  and  by  having  an  Anatomy  in  an  epitomized  form  and  thorooghly  reliable,  hcA  vmt 
and  laix>r  will  be  saved.  Dr.  Potter  has  thus  conferred  a  boon  on  both  the  student  and  practitioQer  ai&e.  1? 
publishing  his  Compend  of  Anatomy.  The  tables  and  plates  of  the  nerves  and  arteries  are  excdknt;  tbac 
constitute  the  Appendix,  and  by  their  aid  one  can  review  this  important  part  of  the  work  in  a  shot  space  d 
time." — Canada  Lancety  Toronto^  February^  i8gi, 

Robinson.      The   Latin    Grammar   of  Pharmacy  and 
Medicine. 

By  H.  D.  Robinson,  ph.d.,  Professor  of  Latin  Language  and  Literature,  Unifost)  \ 
of  Kansas,  Lawrence.     With  an  Introduction  by  L.  E.  Sayre,  ph.g..  Professor  d  | 
Pharmacy,  and  Dean  of  the  Dept.  of  Pharmacy,  in  the  University  of  Kansas,    iiiao. 
275  Pages.  Cloth,  |3.oc 

"It  is  a  work  that  meets  with  my  hearty  approval.  There  is  great  need  of  jost  such  a  bock  ia  oc 
American  schools  of  pharmacy  and  medicine." — E.  S,  Bastin^  Professor  of  Botany^  Dept.  gf  P^rm^J 
Northwestern  University ^  Chicago. 

"  The  object  of  this  useful  book  is  a  very  laudable  one,  namely,  to  improve,  if  possible,  the  Latin  Bwi  3f 
both  physicians  and  druggists,  chiefly  in  the  prescribing  of  drugs.  While  it  is  true  that  many  of  the  {w^caace 
find  it  unnecessary  to  remember  the  genitive  endings  of  words  used  in  medicine,  because  of  the  cartoaa^ 
abbreviations  in  prescribing-writing,  there  are  others  who  firequently  desire  to  write  their  directJaes  to  ^ 
druggist  in  Latin,  in  order  that  the  patient  may  not  learn  of  fects  about  which  it  is  often  necessary  ior  tei  Be 
remain  in  ignorance.  We  hope  that  the  book  will  prove  a  success,  and  by  its  general  enqilQTraatt  ■  ^ 
pharmaceutical  and  medical  schools,  improve  the  knowledge  of  Latin  in  both  professions.'' — The  Mtd^ 
NewSf  PhiladelfAia,  January  loth,  1 891.  ^        ^ 

"  The  plan  of  the  book  is  excellent,  the  field  new,  as  it  fills  a  long-felt  want  AH  medical  *da6 
should  have  it,  both  the  collegian,  as  it  will  give  a  practical  turn  to  his  knowledge  of  Latin,  and  the  » 
graduate,  as  it  will  give  him  a  direct  and  usefal  acquaintance  with  that  language.  The  ccnntiy  doctt*  « 
has  not  had  the  advantages  of  the  younger  men  will  find  it  a  great  help  in  overcoming  this  defect,  nd  ■ff' 
speedily  acquire  a  familiarity  with  this  language  that  will  surprise  his  classical  confrere.'^ — S/mtherm  CtL 
Practitioner,  December,  1890. 


NURSING,  MASSAGE,  ETC. 

Ostrom.      Massage  and  the  Original   Swedish  Move- 
ments.     Illustrated.      Second  Edition. 

AND     THEIR    APPLICATION    TO    VARIOUS 

DISEASES  OF  THE  BODY.  A  Manual  for 
Students,  Nurses,  and  Physicians.  By 
KuRRE  \V.  Ostrom,  from  the  Royal 
University  of  Upsala,  Sweden;  In- 
structor in  Massage  and  Swedish  Move- 
ments in  the  Hospital  of  the  University 
of  Pennsylvania  and  in  the  Philadel- 
phia Polyclinic  and  College  for  Gradu- 
ates in  Medicine,  etc.  Illustrated  by  87 
explanatory  Wood  Engravings,  drawn 
specially  for  this  purpose.  i2mo.  Sec- 
ond Edition.  Cloth,  |i.oo 

"  This  book,  which  is  well  written  and  carefully  illustrated,  will  be  of  service  both  to  physicians  and 
nurses  as  well  as  to  manipulators.  Mr.  Ostrom,  who  came  to  this  country  from  Sweden,  has  proven  himself 
a  capable  teacher  as  well  as  a  good  masseur^  his  instructions  being  careful,  accurate,  and  complete." — 
University  Medical  Magazine^  Philadelphia^  March,  i8go. 

Parvin.     Obstetric  Nursing. 

LECTURES  DELIVERED  AT  THE   TRAINING   SCHOOL   FOR   NURSES   OF   THE    PHILADELPHIA 

HOSPITAL.  By  Theophilus  Parvin,  m.d.,  Professor  of  Obstetrics  and  Diseases  of 
Women  and  Children  in  the  Jefferson  Medical  College  ;  Obstetrician  to  the  Phila- 
delphia Hospital.     Revised  and  Enlarged.     1 2mo.  Cloth,  $  .  75 

Humphrey.    A  Manual  for  Nurses.    4th  Edition. 

INCLUDING  GENERAL  ANATOMY  AND  PHYSIOLOGY,  Management  of  the  Sick-Room,  etc. 
By  Laurence  Humphrey,  m.d.,  m.r.c.s.,  Ass't  Physician  to,  and  Lecturer  at,  Adden- 
brook's  Hospital,  Cambridge,  England.     i2mo.     79  Illustrations.  Cloth,  J1.25 

"  That  a  work  of  such  a  character  should  be  addressed  to  nurses  at  all  is  in  itself  a  significant  indication 
of  the  high  standard  to  which  the  art  of  nursing  has  risen  in  recent  years,  and  also  a  good  proof  of  the 
estimation  in  which  really  good  nursing  is  held  alike  by  the  public  and  by  medical  men.  To  the  intelligent 
and  often  well  educated  women  who  now  take  up  nursing  either  as  an  occupation  or  as  a  profession,  some 
theoretical  training  in  the  elements  of  anatomy  and  physiology  is  very  generally  recognized  as  necessary  by 
all  hospital  authorities.     .     .     ." — The  Practitioner^  London^  Aprils  i8go. 

Fullerton.     Obstetrical  Nursing.      Illustrated. 

A  HANDBOOK  FOR  NURSES,  STUDENTS,  AND  MOTHERS.     By  AnNA  M.  FuLLERTON,  M.D., 

Demonstrator  of  Obstetrics  in  the  Women's  Medical  College ;  Physician  in  charge 
of,  and  Obstetrician  and  Gynaecologist  to,  the  Woman's  Hospital,  Philadelphia,  etc. 
34  Illustrations,  several  of  which  are  original.  Second  Edition,  Revised  and  Enlarged. 
i2mo.     222  pages.  Cloth,  I1.25 

BY   THE   SAME  AUTHOR. 

Nursing    in    Abdominal    Surgery    and    Diseases    of 
Women. 

COMPRISING  THE  REGULAR  COURSE  OF  INSTRUCTION  AT  THE  TRAINING  SCHOOL  OF  THE 

woman's  hospital,  PHILADELPHIA.    70  Illustrations.  .i2mo.    284  pages.    Cloth,  I1.50 


OBSTETRICS— GYN/ECOLOGY. 

Winckers    Text-Book    of    Obstetrics.       With    many 
Original  Illustrations. 

INCLUDING    THE    PATHOLOGY    AND    THERAPEUTICS    OF    THE    PUERPERAL    STATE.       By 

Dr.  F.  Winckel,  Professor  of  Gynaecology  and  Director  of  the  Royal  Hospital  for 
Women  in  Munich.  Authorized  Translation,  by  J.  Clifton  Edgar,  ^LD.,  Adjunct 
Prof,  of  Obstetrics,  Medical  Depart. ,  University  of  the  City  of  New  York.  192  hand- 
some illustrations, the  majority  of  which  are  original  with  this  work.  927  pages.  8vo. 

Cloth,  {6.00;  Sheep,  ^7.00 

**  His  practical  experience  and  laborious  researches  in  the  literature  of  the  subject  have  qualified  him  to 
place  before  the  profession  a  book  which  is  certainly  of  great  value,  and  we  desire  to  compliment  Dr.  Edj^ar 
upon  his  foresight  and  admirable  work  in  the  preparation  of  the  American  translation.  One  of  the  usch^ 
things  about  the  work  is  that  bibliographies  accompany  the  articles  upon  each  special  subject,  while  the  illos 
trations  seem  to  us  to  be  almost  entirely  original,  which  is  but  natural  when  we  consider  the  enonnoos  amooci 
of  material  from  which  the  author  may  obtain  figures.  The  work  of  the  American  publisher  has  been  weu 
carried  out,  as  it  is  usual  under  the  circumstances,  and  we  venture  to  say  the  translation  is  pot  before  the  pn 
fession  of  this  country  in  much  better  form  than  the  German  publishers  placed  the  original  before  the  phys^ 
cians  of  the  Fatherland." — MedictU  News,  Philadelphia. 

"  These 'additions  make  the  perusal  of  the  work  a  labor  of  pleasure,  besides  adding  greatly  to  its  ralcr. 
One  lays  down  the  book  with  a  heightened  admiration  for  the  author's  learning,  as  well  as  a  deep  respect  k: 
his  careful  and  conservative  teaching." — American  Journal  of  Obstetrics ,  New  York, 

**  In  this  hasty  manner  we  have  only  sought  to  call  attention  to  the  salient  points  of  this  admirable  wori, 
which,  though  intended  and  especially  adapted  to  the  student,  nevertheless  will  well  repay  a  careful  perusal  H 
all  who  aspire  to  practice  obstetrics  according  to  the  most  improved  modem  methods.  We  would  like  to  ser 
this  text-book  used  in  this  country,  for  the  reason  that  it  is  clear  and  concise,  that  it  gives  special  ptDmineoc? 
to  pathology,  and  that  every  page  bears  evidence  of  that  thoroughness  and  sound  conservatism  which  makes 
its  distinguished  author  unequaled  as  a  teacher  of  obstetrics." — Medical  Record. 

Winckel.     Diseases  of  Women.     By  Parviji.      Second 
Edition,  Enlarged. 

INCLUDING  DISEASES  OF  THE  BLADDER.  AND  URETHRA.      By  Dr.  F.  WlNCKEL,ProfeSSOr 

of  Gynaecology  and  Director  of  the  Royal  University  Clinic  for  Women  in  Munich. 
Authorized  Translation.  Edited  by  Theophilus  Parvin,  m.d.,  Professor  of  Obstet- 
rics and  Diseases  of  Women  and  Children  in  Jefferson  Medical  College,  Philadelphia. 
Second  Edition,  Revised  and  Enlarged.  152  Engravings  on  Wood.  12010.  No.  2. 
New  Series  of  Manuals,     766  pages.  Cloth,  I3.00 ;  Leather,  I3.5C 

"  The  popularity  of  the  work  is  shown  by  the  rapidity  with  which  the  first  edition  was  exhausted.  There 
is,  perhaps,  no  more  scholarly  or  influential  authority  on  gynaKX>logical  subjects  aoKing  our  German  confreri 
than  Winckel,  and  this  fact,  added  to  the  respect  and  esteem  in  which  hb  American  editor  is  uniycrsally  be>: 
may  serve  to  explain  the  early  demand  for  a  second  edition  in  advance  of  a  second  German  edition.  .  . 
A  novel  feature  is  furnished  by  the  chapters  on  diseases  of  the  mammary  gland.  They  are  not  generally  ^is^ 
cussed  in  works  of  this  character,  but  we  have  always  been  of  the  opinion  that  their  considcradcMi  was  quic 
as  appropriate  as  that  of  any  other  portion  of  the  genital  apparatus,  of  which  they  form  an  essential  elemail" 
—  The  American  Journal  of  the  Medical  Sciences,  Philadelphia. 

"  It  is  nearly  three  years  since  we  had  the  pleasure  of  reviewing  the  English  translation  of  PTofc^^f 
Winckel' s  *  Diseases  of  Women.'  The  favorable  comments  we  then  made  we  have  now  but  to  cnJor*  * 
connection  with  the  second  edition  of  this  excellent,  lucidly  written  gynaecological  woric.  Dr.  TbeofiuV- 
Parvin  has  most  thoroughly  revised  the  former  issue,  so  that  Ae  reader  meets  with  only  the  latest  and  xa-' 
matured  opinions  on  the  various  debatable  topics.  We  should  like  again  to  direct  the  attention  of  those  bf' 
ested  in  gynaecological  literature  to  the  subjects  on  pelvic  neoplasms  and  diseases  of  the  female  urethra  tsa 
bladder.  The  work  is  profusely  illustrated,  and  we  feel  confident  that  those  of  our  readers  who  acctarJ  1 
carefiil  study  will  derive  much  pleasure  and  instruction  ixova  its  pages." — The  Practiti^mer,  Lotulan. 
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